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ADDRESS 
STUDY  OF  MEDICINI^ 

DXLtVBMD  AT  TBB  0PBNIN6  OF  TBB 
MBDIGAL  9CH00I., 

Odoier  1833, 
J^FBOFESSORGRAm?,  M.D.,  F.R.S.E., 

FfMnc  of  the  Ruyal  CuUege  of  Phvxiciau* 
^  £dinlnirgAt  Member  <i/  the  Medical 
WkeuUytfftke  University  of  Londm^  &(c. 

GFVTTFArFv, — We  open  the  sixth  ses- 
sion of  our  niedicai  school  with  prospects 
equally  gratifying  to  the  profeMlciii,  and  to 
those  who  arc  interested  in  the  pF08])erity 
of  this  eiitablishmeut.    The  rainous  ex- 
penditure with  which  the  Uniirersity  com- 
menced its  career  has  been  greatly  re- 
duces!, and,  by  recent  internid  arrange- 
nieiit»,  It  It  now  brought  within  its  prevent 
actiKil  income.    New  chairs  are  jtmposed 
and  auuounced,  and  new  lectureships  will 
commence  this  winter.  The  whole  sjrstem 
of  management  in  relation  to  the  students, 
the  lectures,  the  ])rofcssors,  the  faculties, 
the  senate,  and  the  council,  has  been  care- 
fully planned  and  organised.   Several  im- 
portant improvements  have  hccn  made 
since  last  session,  both  iu  the  interior  and 
exterior  of  the  building,  and  additions 
have  been  made  to  onr  libraries,  apparatus,  ■ 
drawings,  and  museums.    The  inconve- 1 
nience  of  teaching  two  extensive  analy- 1 
tl(.;il  departments,  requiring  much  appa- 
ratus aiid  means  of  illustration,  in  the 
tune  theatre,  has  been  remedied  by  the 
arrangement  of  a  new  theatre,  expressly 
for  the  class  of  materia  medica,  in  which 
tfae  whole  of  the  rich  materials  for  tliat 
branch  are  placed  constantly  before  the 
eye  of  the  student.    The  juvenile  school, 
the  success  of  which,  last  season,  with  im- 
perfect accommodation,sttrpaS8edthe  most 
sanguine  hopes,  Iilis  been  nrr^fniinioflritrfl 
with  new  aud  spaooua  apai'tmeutfi  withm  | 

No.  527. 


the  University,  that  forwaidtng  the  in- 
ternal completion  of  the  building  ;  and  it  is 
reasonable  to  expect  that  the  prosperity  of 
that  part  of  the  establtthment  will  prove 
beneficial  to  the  medical  and  general 
schools  by  seu'Hntr  up  s*tndents  to  those 
departments,  it  ilie  gt  jicrai  school  of  the 
University  be  not  allowed  to  sink  into  ■> 
school  for   children.    The  Dispensary, 
hitherto  maintained  at  considerable  ex- 
pense, and  the  only  means  we  possessed  of 
commuuicatini^  clinical  instniction,  will 
now  soon  be  relinquished  for  the  hospital 
adjoining  the  University,  which  has  beea 
entirely  built  since  the  close  of  the  last 
session,  and  now  only  waits  for  its  internal 
furnishing  to  receive  the  patients.  Th» 
opening  of  the  North  London  Hos* 
P1TAI.  will  be  the  commencement  of  two- 
important  departments  of  our  medical  cur- 
ricQlttni,-~<;Iinical  medicine  and  clinical 
surger)',  with  hospital  attendance .  The- 
debts  of  the  establishment,  which,  last 
winter,  excited  some  anxiety  regarding 
the  stability  of  this  school,  liave,  as  )'oui 
have  seen  by  the  public  journals,  all  been 
pud  off  by  a  loan  of  40001.  on  a  mortgage 
of  property  for  five  years,  and  it  is  con- 
fidently expected,  from  the  increasing  pros' 
perity  and  repntathm  of  the  schools,  and 
the  plans  of  rigid  economy  introduced, 
that  it  will  be  redeemed  within  thatpcrk>f1, 
and  the  future  existence  of  the  whole, 
placed  on  a  nu)re  solid  foundatioD.  Bu^ 
in  case  of  difticulties,  is  it  imreasonable  to- 
hope  that  in  subscribing  for  its  erection,, 
half  ihe  nobility,  and  power,*  and  wealth  of" 
England  are  pledged  to  prop  this  monu« 
ment  to  the  genius  ot  the  times?  The 
subdivision  oflaboorin  the  medical  school,, 
the  extended  conr-.  ?  uf  instruction  given 
on  every  department  of  medicine,  aud  the 
ample  means  of  illustration  we  alretdy 
possess,  place  this  part  of  the  Institution 
on  an  equality  with  that  of  any  other 
British  University  in  these  respects,  and 
an  application  has  latdy  been  made  to 
parliament,    by  n  zealous  and  learned 
mctnber  of  our  council  and  of  the  legis- 
lature, to  petition  his  Majesty  to  grant 
this  house  a  charter,  with  the  power  of 
couferni^  degrees,  as  enjoyed  by  the  eiin 
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dowed  Universities  of  the  kingdom.  Thia 
appeal  has  met  with  a  ^ott  favourable 

reception  in  the  House  of  Commons,  and 
its  object  is  said  to  be  now  under  the  con- 
sideration of  the  advisers  of  the  Crown. 

The  Royal  College  of  Pliysfeuuis  of  Lon- 
don exercise  an  'exchtsive  power  over  the 
profession,  which  is  injurious  to  its  inte- 
rcsta,  and  an  unjust  oppression.  No  phy- 
sician can  demand  an  exatnination  for  a 
fellowship  at  that  College,  in  virtue  of  any 
degree  hut  that  of  the  imperfect  medical 
school.^  of  Oxford  and  Cambridge;  and  no 
student  cau  obtain  a  degree  in  these  two 
Utiivenitiee,mile8S  he  stgntiie  thirty-nine 
articles  as  a  member  of  the  Church  of 
England.  Thus  the  object  of  such  a  Col- 
lege is  abnirdly  perverted,  and  very  few 
of  the  eminent  physiciaas  of  £ngland  can 
obtain  a  fellowship,  or  expect  to  enjoy 
those  wlvantages  aud  piivilci^cs  wbicliare 
attaehed  to  it.  IVMrty-nine  physicians,  of 
knov.  n  reputation,  practising  in  London,  j 
including  the  heads  of  moat  of  the  medical 
ntShtxAa  of  the  metropolis,  excepting  King's 
Collpt^p,  have  petitioned  the  House  of 
Commons  to  inquire  into  this  and  other 
atmsee  of  the  profesrion,  and,  generally, 
into  its  present  state  throughout  the  coun- 
try, with  the  view  to  the  framing  of  such 
laws  as  may  remove  the  existing  evils,  and 
pbee  the  medical  institutions  of  this  coun- 
try on  a  more  liberal  and  equitable  basis 
Petitions  to  the  same  effect  have  been  pre- 
sented from  other  parts  of  the  kingdom. 
Notice  of  motion  for  a  committee  of  in- 
quiry has  been  given  in  the  House  of  Com- 
monSi  and  the  affiidrs  of  the  profession  are 
now  in  the  bands  of  a  scrutuuzing  and 
equitable  legislature,  which  will  retain 
whatever  is  good  in  the  institutions  of  old 
times,  and  correct  wliatever  abuses  are 
sanctioned  only  by  custom  or  neglect.  So 
that  if  privileges  are  to  be  granted  to  this 
Memoir  ^ther  as  a  part  or  the  whole  of  a 
great  motroi>^>lifr\n  University,  tliey  will 
be  founded,  nut.  on  special  luvuur,  or  the 
caprice  of  the  times,  but  on  a  foil  and  can- 
did examination  of  its  comparati\  e  rind  in- 
trinsic merits,  and  on  the  broad  piiuciples 
of  retson,  »pediency,  and  pahlic  good ; 
and,  it  is  to  be  hoped,  they  will  be  in  ac- 
cordance with  the  present  enlightened 
condition  of  society,  and  tiie  Hbmt  and 
tolerant  principles  of  the  age.  Those, 
therefore,  to  whom  1  now  chiefly  address 
myself,  who  are  about  to  commence  their 
nodloal  education  in  this  establishment, 
have  reason  to  be  gratified  with  the  pros- 
pects of  the  school  they  have  selected,  and 
to  congratulate  thMaaelves  on  the  light  of 
reform  Mid  irapnn  e?iient  which  hi  r^ins  to 
dawn  on  the  prol^ssion  they  are  about  to 
cuter a  profession,  the  ttudjr  of  -whidi, 
•U  drewtMceib  pnieiiti  a  vast 


and  varied  field  for  the  exercise  of  the 
mental  powers,  whose  pursuits  are  calcu- 
lated to  awaken  the  finest  feelings  and  the 
noblest  endowments  of  onr  nature  ;  and  the 
practice  of  which  is  peculiarly  calculated 
to  promote  happiness,  by  removing  or  al- 
leviaflnc^  the  sufferin;^  of  humanity. 

The  task  you  are  about  to  enter  upon  is 
the  most  serious  of  your  life,  as  ours  is  the 
most  rcspon.sihle-  The  education  of  youth, 
indeed,  is  the  most  important  subject 
which  can  occupy  the  human  mind ;  it  fs 
tlie  basis  of  indivifiual  happiness,  and  of 
the  rank  aud  usefulness  of  man  in  society; 
it  developes  and  cultivates  those  po^i^rs 
which  distinguish  him  fi'om  the  brute;  it 
stamps  the  character  of  an  ape,  and  con- 
stitutes the  chief  distinction  among  men, 
and  among  the  nations  that  are,  or  have 
been,  on  the  earth.  An  extensive  and 
wc-U-diiected  general  education,  by  culti- 
vating and  improving  the  mental  ikcul- 
ties,  storing  the  mind  with  the  materials 
of  thought,  and  training  it  early  to  habits 
of  study  and  reflection,  forms  a  most  va- 
luable iutrodnction  to  professional  pur- 
suits, and  a  solid  foundation  for  profes- 
sional feme.  This  early  preparation,  so 
valuable  in  all  the  learned  ])rofessions,  is 
of  essential  importance  in  the  study  of 
medicine,  whose  objects  and  pursuits  are 
so  numerous,  extensive,  and  varied. 

The  youtli  do-tined  for  this  profession, 
wiio  is  yet  oniy  acquiring  a  knowledge  of 
the  Latin  language,  is  not  merely  ohtain- 
ing  the  means  of  enjoying,  in  after  life,  the 
literature  of  the  ancient  mistress  of  the 
world;  he  is  acquiring  the  language  In 
which  half  the  works  of  hi*^  ft-.tm  e  profes- 
sion are  written, — the  language  he  must 
daily  employ  in  his  prescriptions  and  prac- 
tice,—the  language  from  which  the  tec-h- 
nical  terms  of  anatomy,  surgery,  and  the 
half  of  the  medical  science,  ai-e  derived ; 
and  by  studying  its  structure,  its  combina* 
tions,  and  decompositions,  he  training 
tiie  mind  to  the  processes  of  analysis  and 
synthesis,  so  important  in  all  the  analytt^ 
cal  parts  of  medicine,  as  chemistry,  phaiw 
macy,  and  medical  jurisprudence. 

The  nomendature  of  chemistry,  botany, 
and  some  other  liranches  of  medicine,  is 
derived  chiefly  from  the  Greek,  the  sim- 
plicity and  vocal  harmonyof  which  admi- 
rably suit  it  for  this  use;  and  an  acquaint- 
ance with  that  rich  and  beautilul  language 
is  thus  valuable  to  the  medical  student, 
not  only  as  a  key  to  tlM  pare  fountain  of 
science  and  literature  among  the  Greeks, 
and  to  the  wnciago  ul  Hippocrates,  Aris- 
totle, Galen,  and  other  fathers  of  medi- 
cine, hut  also  to  enable  him  to  comprehend 
the  descriptive  language  of  the  scientific 
medical  works  publiriied  thxoughoitt  Btt* 
rape  at  tlia  pMceat  tima. 
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Although  the  study  of  the  dead  hin- 
guugca  is  a  valuable  part  of  the  student's 
educat  ion,  in  giving  an  early  discipline  to 
his  mind,  in  cultivatint;  his  taste  ))y  the 


sciences,  the  practice  of  the  profetiioii 
makes  constant  calls  on  our  acquaintance 
with  tbe  fCSOurce»  uf  nature,  containe^l 

ill  the  properties  of  the  natural  objecte 


purest  models  of  literature,  in  affurdiug  aiound  us.  In  combuting  disieasa,  we 
him  access  to  all  that  is  most  curious  and  seek  aid  from  every  kingdom  of  natim; 

intcrcstitii;  in  the  history  of  his  profession,  from  the  mineral  kingdom  derive  an 
and  in  interpreting  its  technical  lang;u^e,  i  innuense  number  of  powerlul  agents,  poit- 
tbe  weftti  knowledge  to  be  obtained !  sessing  the  most  divenlBed  pro^jerties; 
through  their  nutans,  falls  infinitely  short  the  vegetable  kingdom  contributes  largely 
of  that  to  which  be  can  obtain  access  only  j  to  tbo  materia  medica,  and  many  rem^ial 
by  an  acqnaintance  with  tbe  modem  Ian- 1  agents  of  great  power  and  eflteacy  are 
gaages  of  Europe,  particidarly  the  French  I  taken  from  the  animal  kingdom.  Not 
and  German.  The  number  of  nourishing '  only  do  the  studies  of  mineralogy,  botanj% 
Universities  and  Medical  Schools  on  the 'and  zoology,  contribute  to  enrich  medicine 
Continent  and  the  numerous  improve-  j  with  numerous  effective  remedies  for  tiM 
ments  they  are  daily  adding  to  science,  evils  that  flesh  is  heir  to,  but  even  geology 


now  render  it  indeed  impossible  to  keep 
pace  vrtA  the  rapid  march  of  discovery  in 
any  department  of  our  profession,  without 
some  tolerable  acquaintance  with  the  mo- 


throws  the  greatest  light  on  medical  star* 
tistics,  or  medical  police,  aa  hqporlaiit 

part  of  medical  jurisprudence. 

    An  acquaintance  with  these  general  de« 

Aern  hmguagcs.  But  there  is  no  language  partments  of  knowledge  tboara  form  the 

which  the  student  of  medicine  is  more  apt  basis  of  a  medical  education,  and  to  en- 
to  neglect,  or  requires  mores  than  his  own,  sure  the  usefulness  and  respectability  of 
which  he  has  constant  occasioii  to  nte  in  the  profession,  the  highest  honours  in  roe* 
the  various  writings  and  cormpondence  dicine  ought  to  be  granted  only  to  those 
of  an  active  professional  life.  who  have  obtained  previously  >*nme  testi- 

iii  a  hcieucc  like  medicine,  so  replete  monial  of  proficiency  in  general  acmiire- 
with  subjects  of  speculation  and  conjee- j  ments.  This  College  and  King's  College 
ture,  that  precision  of  thought  acquired  '  liiffcr  from  the  other  medical  schools  of 
by  cultivating  the  sciences  which  treat  of,  the  metropolis,  in  presenting  the  student 
quantity  and  figure,  is  most  vahiable.  And  |  witii  the  means  of  obtaining  a  knowle^ 
independent  of  the  value  of  the  mathe-jof  these  preliminary  branc  h (  ■;,  while  pur- 
matical  sciences  in  teaching  the  mind  to  i  suing  his  medical  studies,  without  quitting 
think  and  to  reason  correctly,  they  have  &e  walls  of  thk  establishment;  and  yon 
many  direct  applications  to  particular  [  who  aie  hnt  commencing  your  career,  I 
branches,  as  to  tbe  analytical  pai  ts  of !  would  venture  to  remind,  that  as  yours  is 


chemistry.  The  numerous  usefUl  appli 
cations  of  natural  philosophy,  of  optics, 
acoustics,  mechanics,  hydrostatics,  and 
other  branches  of  that  vast  and  practical 


still  the  period  to  store  up  intellectual 
treasures,  more  imperishable  than  worldly^ 
for  future  life,  you  should  avail  yourselves 
of  the  meaus  that  arc  now  before  you,  to 


departmrat,  are  so  obvious  that,  in  a  li-  j  supply  the  deficiencies  of  your  early  edu- 

beral  plan  of  medical  education  ;  it  ought  I  cation;  or,  hereafter,  in  the  army  or  the 


to  enter  as  a  necessary  part.  Without  its 
aid  half  the  beauty  of  animal  structure  is 
undiscoverablc,  and  half  the  science  of 
physiology  is  unintelligible.  It  stands  be- 
side chemistry  in  its  relation  to  medicine, 
;mil  to  the  light  which  it  throws  on  vital 
phenomena,  and  its  facts  aud  principles 
are  alike  applicable  to  the  healthy  and  the 
diseased  conditions  of  organization. 

There  never  was  a  period  when  the  phi- 
losophy of  mind  and  the  art  of  correct 
reasoning  were  more  important  to  the 
modirnl  '^fntlcnt  than  the  present,  when 
tUe  moftt  discotciant  opinions  divide  the 


navy,  ,  in  the  provinces  or  in  remote  colo- 
nies, in  the  mistte  of  an  active  Ilfe^  you 
may  in  vain  r^^jret  the  last  <9pCMrtllllil^ 
ysiu.  have  lost 

A  cunicuhun  of  professional  study 
comprehends,  not  the  preparatory  stu- 
dies, but  those  professional  departments 
only  which  the  student  is  required  to  at-  ' 
tend  before  be  can  obtain  some  testimo- 
nial or  diploma,  nnd,  in  this  institution, 
the  curriculum  unanimously  proposed  by 
the  medical  faculty  for  the  diplomft  of 
"  Master  in  Medicine  and  Surgcn*,"  com- 
prehends only  the  sul^ects  taught  by  the 


profession  regarding  the  phenomena  of  |  professors  of  that  fiumtty.  The  su^ecta 

sensation  and  thought,  the  nature  of  life,  of  the  course  of  study  it  prescribes,  are 
of  volition,  and  mental  emotions,  the  ^  intimately  connected  with  each  other  as 
Amotions  of  the  brun,  and  tbe  whole  parts  of  a  whole,  and  a  methodical  ivdor 


constitution  of  the  human  mind. 

Although  medicine  is  replete  w  ith  sub- 
jects of  abstruse  investigation,  requiring 
•  'mind       diicipllned  In  the  abstract 


in  tb«r  study  timda  nmch  to  ftdlitate 

their  acquisition. 

Anatomy  ami  ehcmistry  derive  very 
little  aid  from  odier  branchea  of  med^ 
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dtae,  hat  throw  the  greatest  light  on  all  ledge  of  the  composition  and  nature  of  the 
the  higher  departments.  They  obviously  fluids  and  tissues  of  our  body.  But  che- 
point  themselves  out  asthc  most  element--  mist:  y,  sljiniug  with  an  unborrowed  light, 
ary  and  isolated  departments  of  Uic  cui-  impleads  its  lustre  over  half  the  physical 
licnlum,  and  their  study  should  be  occom- ;  sciences.  Confining  its  inquiiies  to  the 
panied,  not  by  the  higher  branches  of,  phenomena  which  remit  from  the  motions 
medicine,  for  which  the  student  has  yet  j  of  Invisible  atoms  at  insensible  distances, 
-  received  no  preparation,  but  by  some  of  its  field  of  research  is  limited  only  by  the 
the  higher  branches  of  general  know-, boundaries  of  tho  material  world.  The 
ledge.  Comparative  anatomy  supposes  a  i  heat  and  light  of  the  comet  that  seems  to 
previoiu  knowledge  of  human  anatomy,  |  shoot  beyond  th^  starry  firmament,  the 
the  subject  of  constant  comparison.  The  j  meteors  of  the  heavens,  the  artillery  of  the 
simplest  operation  in  surgery  can  neither  |  clouds,  the  atmosphere  that  encompasses 
be  comprehended  when  described,  nor  ^  the  globe,  the  waters  that  bathe  its  sur- 
imdferstood  when  seen,  without  an  ac-1  face,  the  solid  earth  itself,  and  the  pro- 
quaintance  with  the  structure  of  the 'cesses  of  its  hidden  laboratories,  are  as 
part,  and  this  knowledge  is  equally  ne- 1  much  the  duiuaiu  of  the  chemist,  and  as 


and  other  j  of  organic  beings,  from  man  to  the  bum- 
the  young  blest  licbra.  What  a  mine  of  research  Is 


opened  to  the  student  by  thi 


Ce 


lightful 


to  oomprehei\d  the  seat  or  nature  j  rigidly  obey  his  laws,  as  the  complex  liv- 
of  any  internal  disease    The  study  of  |  ing  processes  performed  in  the  laboratocy 
human  bones  and  muscles, 
parts  of  our  frams,  to  which 
student  is  soon  introduced,  is  often  com 
inenced  with  feelings  of  natural  repug- 
nance; bat  the  beant]'^  of  perfect  adapta- 
tion which  he  sees  in  every  part,  and  the 
professional  importance  he  fiilds  att%ched 
to  every  the  mnmtest  pohit  of  the  struc- 
ture, soon  change  these  feelings  for  those 


of  the  liveliest  curiosity,  interest,  and  ad- '  ments. 


study !  It  is  no  less  important  among  the 
sciences  for  the  innumerable  useful  appli- 
cations of  its  results,  and  the  splendour  of 
its  discoveries,  than  it  is  satisfactory  to  the 
mind  from  the  certainty  of  its  evidence, 
and  gratifying  by  the  beauty  <if  its  expert* 


miration.  To  behold  the  complev  struc- 
ture of  our  solid  frame-work,  and  the 
means  by  which  its  parts  are  held  in  con- 
nexion, and  enabled  to  move  smoothly  on 
each  Other;  to  studv  the  coniplicated  iria- 
chinery  by  which  all  the  motions  of  the 
body  are  effected,  and  the  curious  appa- 
ntu«  provided  to  give  it  cognizance  of 
outward  nature ;  to  examine  the  instru- 
ments by  which  it  converts  foreign  mat- 
ter into  its  own  likeness,  and  the  hy- 
drruili  apparatus  to  convey  it  for  the 
nourishment  of  all  the  parts ;  to  study  the 
beautiful  means  provided  to  bring  the  re- 
storing element  without,  largely  in  contact 
with  the  fluids  within,  and  the  organs  by 
which  new  compounds  are  formed  from 
the  circulating  fluids,  or  the  decayed  ma- 
terials are  renioved  from  the  system ;  to 
penetrate  those  mysterious  arrangements 
by  which  his  race  is  perpetuated  on  the 
earth  — in  shr:  t,  to  behold  how  "  fearfully 
and  wonderfully "  man  is  made,  is  calcu- 
lated to  present  tiie  student  with  themes 
for  the  most  interesting  reflection,  to  gain 
his  heart  to  his  study,  and  to  open  his 
mind  to  the  purest  feelings  and  senti- 
ments of  religion. 

As  a  knowledge  of  the  healthy  struc- 
ture of  our  frame  is  the  basis  of  morbid 
nod  comparative  anatomy,  the  parent  of 
the  arts  of  design,  and  the  key-stone  of 
surger>',  so  is  chemistry  the  foundation  of 
pharmacy,  and  essential  to  the  study  of 
medical  jurisprudence  and  of  physiology, 
fivea  aaatomy  bonrowf  fsom  it  a  k&ow- 


The  student's  mind,  familiarized  with  hu- 
man structure,  and  enlarged  by  chemiokl 
research,  begins  to  reflect  that  to  know  man 
isolated,  is  to  know  liim  but  half  j  that  our 
knowledge  of  things  is  mostly  relative;  that 
he  cannot  compare  while  he  knows  but  one 
term  of  the  comparison.  Our  species  is 
one  of  half  a  million  of  organized  beings ; 
and  to  know  the  true  character  of  man's 
organization,  and  bis  place  in  the  scale  of 
nature,  is  to  know  something  of  tlie  de- 
grees  of  that  scale.  Knowing  the  struc- 
ture of  man's  brain,  or  heart,  or  eye,  or 
ear,  or  hand,  the  student  can  perceive 
nothing  of  supericnity,  nothing  peculiar  in 
them,  til!  he  has  compared  them  with  the 
range  of  forms  presented  by  those  organs 
in  nature,  and  jierceives  why  each  form  is 
best  in  tlie  combinations  of  stnu  tnt  e  ^vhich 
accompany  it.  Ue  traces,  in  comparative 
anatomy,  the  human  organs  coming  suc- 
cessively into  being,  and  rising  in  mm- 
ple.Kness,  from  the  monad  through  all  the 
grades  of  animal  existence ;  and  discovers, 
hy  tlie  close  resemblance  which  exists  be- 
tween the  transient  forms  uresented  by 
man's  organs  during  their  development 
and  their  (lennanent  or  adult  forms  in  in- 
ferior orders  of  animals,  that  the  plan  of 
organization  is  everywhere  the  same,  and 
man  the  climax  of  its  development.  Ex- 
tending his  view  to  the  remnants  of  or- 
ganic  beings  embalmed  in  the  earth,  he 
flnds  that  this  kingdom  has  itself  been 
gradually  developed,  from  simple  to  com- 
pdimd,  that  iu  roots  are  lost  i&  the  depth 
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of  the  earth,  and  its  cTtreme  branches  only ' 
are  visible  on  the  surface.   This  exteuiiive ! 
department  tr^ts  of  the  contposition  and 
properties  of  the  fluids  and  tissues  of  ani- 
mal  l>o<lie8|  the  structure  and  development 
of  the  aeveral  organs,  and  the  mes  or 
functions  of  every  part,  thus  cmistitutiiii; 
the  general  and  descriptive  anatomy  of 
animals  and  animal  physiology.   Seeing  i 
the  imperfect  knoviHMge  of  man  to  be  de- 
rived frotii  "tiuh  inq-  man  nlonc,  ]>hy8'olo-  | 
gists,  in  ill!  ;igcs,  liavc  sought  to  coiupie-  . 
bend  and  illustrate  his  vital  economy  by  | 
studying:  that  of  inferior  animals;  anf! 
their  labours  have  thus  been  rewarded  by 
tbe  discovery  of  tbe  circulation  of  tbe 
blood,  the  lacteal  vessels,  the  thoracic 
tluct,  the  lymphatic  absorbents,  the  princi- 
])!o  of  galvanism,  the  Ainctions  of  the 
ncncs,  anil  many  othci!;,  made  on  the 
lower  animals,  which  have  changed  the 
whole  face  of  medical  science.  Compara- 
tive anatomy,  like  chemistry  and  botany, 
s|mminjj;  its  origin  ns  snbservient  to  man*s 
economy,  or  to  inedicine,  has  ossiuned  an 
independent  rank  among  the  sciences,  and 
has  extended  its  inflneitcc  over  zoology, 
geology,  and  the  line  arts. 

From  the  stmcture  of  man  and  animals 
the  student  ijusscs  to  that  of  plants  to  the 
study  of  Botan}-,  one  of  the  most  exten- 
sive and  pleasing  departments  of  the  me- 
dical currieuluni,  and  one  whii'li  has  long 
been  cherished  and  protected  in  our  uui- 
versttits  and  medical  schools,  by  the  regu- 
lations of  public  bodies  and  the  guardians 
of  education.  Treating  of  the  structure 
and  functions  and  histtory  of  vegetables,  it 
stands  in  the  tame  relation  to  medicine  as 
comparative  anntontr,  nuinial  physiology, 
and  zoology,  taken  collectively,  which  have 
never  been  protected  by  our  profession. 
The  first  development  and  the  lowest  con- 
ditions of  tbe  organs  of  vegetative  life,  and  | 
the  phenomena  of  Ufe  exhibited  by  the! 
siiuplest  forms  of  organization,  the  nature ' 
and  functions  of  the  vegetable  tissues  and 
vessels, — the  phenomena  of  circulation  in 
the  cells, -j-the  endosmose  of  the  roots, — 
the  motionM  of  the  sap  in  inert  vessels, — 
the  respiration  of  the  leaves,— the  signs  of 
iBensibUity, — the  whole  phenomena  ot  fmc- 
tification  and  germination, — the  influence 
o(  external  agents  ou  the  vital  phenomena 
of  plants,  and  on  vegetable  forms, — ^the 
laws  which  regulate  their  physical  and 
jfcographical  distribution,  aiul  whatever 
relates  to  the  living  economy  bf  thLi  vast 
kingdom  of  nature,  are  calculated  to  enlarge 
the  views  of  the  comparative  anatomist 
and  ))hy8iologi8t.  The  principles  of  clas- 
sification as  applied  to  vegetable  forms, 
and  the  histoiyof  thefatnilies  and  species, 
form  an  indispensable  preliminary  to  the 
ttuiify  of  materia  medic**  Altboagh  m^* 


dicine  is  thus  largely  indcht<*d  to  the  de- 
lightful pursuits  of  the  botanut,  botany  is 
so  little  subordinate  to  ph]rsi<^  fhat^  in  tU 
countries,  it  is  a  favotn  ite  study  with  men 
of  every  calling,  and  the  most  distinguish* 
ed  botanists  in  onr  own  country  have  sel* 
ilom  belonged  to  the  medical  jjrofession, 
as  Brown,  Hooker,  Grkvills,  Xuno- 
LEY,  Arnot,  and  Bkxtham. 

The  living  ftmetioiis  of  plants  and  ani- 
mals are  the  province  of  ])hysiology, 
wiiich  exauiiucy  the  procebses  by  which 
foreign  matter,  introduced  into  these  liv. 
in:::  I  'h' latories,  is  converted  into  their 
owu  Ukcness,  the  manner  in  which  they 
are  affected  by  surrounding  nature^  and 
the  means  hy  which  they  continue  their 
race.  Resting  on  anatomy,  human,  com- 
parative, and  vegetable,  and  using  the 
light  of  natural  philosophy  and  chemistry, 
it  examines  the  machinery  in  a  state  of 
action,  to  determine  how  far  each  part 
contributes  to  the  general  result ;  and  by 
accurately  defining  the  healthy  function  of 
each  organ  in  the  general  vortex  of  liie,  it 
paves  the  way  for  the  study  of  pathology, 
whieh  considers  them  in  a  state  of  disease. 
It  is  here  divided  into  three  departments, 
vegetable,  animal,  and  human  physiology, 
which  arc  considered  separately  in  tho 
classes  of  botany,  comparative  anatomy, 
and  human  anatomy. 

Accident  and  experiment,  more  than 
reasoning,  have  pointed  out  many  mine- 
ral, vegetable,  and  animal  substances, 
which  exort  peculiar  and  often  extraor^ 
dinar)'  powers,  when  taken  into  the  living 
body — powers  by  which  the  vital  functions 
are  variously  modified,  the  flvidi  altered 
in  composition  and  properties,  and  tho 
textures  of  the  organs  changed  or  de- 
stroy chI.  These  are  the  chief  histruments 
employed  by  the  ])hy:-ician  to  check  the 
progress  of  morbid  actions  and  restore  the 
healthy ;  and  as  each  exerts,  under  similar 
circunistunces,  its  own  peculiar  action, 
they  can  be  classified  according  to  their 
properties,  and  their  degrees  of  activity 
can  be  determined  w  ith  precision.  Hence 
has  arisen  that  extensive  and  important 
department,  materia  medica,  which  treats 
of  the  prop^ies  of  medicinal  agents,  the 
art  of  pharmacy,  by  which  they  are  pro- 
cured from  nature,  and  prepared  for  ad- 
ministration, and  therapeutics,  which  ex- 
plains their  mode  of  action  on  tlu  ]i\  ini^ 
framt.  This  study  constantly  directs  the 
student's  knowledge  of  chemistry  to  prac- 
tical purposes;  it  changes  empiricism  to 
science,  and  gives  to  tho  medical  student  a 
new  interest  in  the  study  of  the  three 
kingdoms  of  nature. 

The  student  who  has  seen  all  parts  of 
tbe  human  body  demonstrated  and  de- 
naibed,  ttod,  in  his  pxiyple  atudy,  bai  dill* 
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gently  kept  pace  ivith  the  fnoferaoraof 

the  denientary  departments,  is  prei)are(l 
to  take  the  scalpel  into  his  own  hand, 
and,  under  the  guidance  of  the  demonstra- 
tor, to  print  in  his  mind,  bf  adtittl  dineo- 
tion,  the  form,  structure,  appearance,  and 
relations  of  every  part .  1  n  the  dissectiug- 
rooms  lie  studies  not  merely  the  parts 
prepared  by  himself,  hut  those  of  all  his 
companions.  The  anatomical,  physiologic 
efet,  and  snrglcBlrelatioiisof  evorjr  part  are 
practically  dcmonsti'ated,  and  arc  repeated 
in  a  continuous  course  of  demonstrations, 
to  ^at  hy  this  most  valuable  part  of  his 
studies,  he  is  not  only  prepared  to  follow 
the  minutest  details  of  surgery,  pathology, 
and  the  higher  practical  branches,  hut  is 
lenabled  to  satisfy  himself  regarding  all 
obscure  points  which  may  be  the  ^nbjcrt 
of  dischssion  in  his  other  classes,  or  in  ins 
private  reading. 

B\  tlms  becoming  familiarized  with  the 
healthy  structure  and  functions  of  the 
bodv,  the  beat  fdtmdation  ig  laid  for  fhe 
«tudy  of  the  diseased,  and  of  all  the  prac- 
tical branches  connected  with  the  moriiid, 
condition  of  parts.  The  ofigfin  and  nature 
of  those  changes  of  composition  and  tex- 
ture to  which  every  ora;an  is  liable,  and 
which  form  the  preln&  to  changes  of 
structnre  more  sexfanlily  affectiiig  their 
functions,  or  altogether  destroying  them,— • 
the  characters  by  which  all  derangements 
of  structure  arc  determined  and  distin- 
e:i!ished,  and  their  effects  on  the  functions 
anil  the  whole  economy, — are  subjects  be- 
longinff  to  morMd  anatomjr,  a  department 
which  oMiously  tends  to  snbstitute  de- 
monstration for  conjecture  in  the  theory 


menta,  and  the  stmcture  of  the  .  part  be  if 

to  cut.  "By  the  study  of  morbid  anatomy 
he  has  lost  all  feeling  of  disgust  at  the 
sight  of  diseases  the  most  hideous ;  that 
tyro's  feeling  is  changed  for  one  of  a  more 
abstract  character;  he  sees  in  them  only 
peculiar  conditions  of  the  cellular  tissue, 
increased  action  of  Che  absorbent,  in- 
creased vascularity,  tiir?^escencc  of  the 
veins,  vitiated  secretions  of  the  capillaries, 
fine  specimena  of  rare  or  nondescript  ap- 
pearances, or  beautiful  confirmations  of 
some  favourite  theory  ;  and  that  philoso- 
phic calmness  Is  fhost  valuable  to  bim  at 
the  moment  when  death  evcryv.hcrc  .sur- 
rounds his  knife,  and  he  is  endeavouring 
to  convey  all  his  knowledge  to  its  point. 
The  operations  of  suri^ry  may  he  \iewed 
by  the  physiologist  as  experiments  on  the 
po\vei-s  of  the  living  trame.  The  study  of 
this  department  points  out  the  pracQcal 
utility  of  every  part  of  anatomy,  and  also 
of  materia  raedica,  physiology,  and  other 
branches,  and  It  opens  to  the  mind  pros- 
pects of  usefulness,  and  sotuxes  of  the 
most  exalted  enjoyment, — the  successful 
performance  of  operations  deemed  impos- 
sible— the  saving  of  a  bosom  friend  from 
certain  death — the  restoring  a  valiuible 
member  to  society,  or  a  patriot  to  bis 
country — the  inspiring  of  confidence  in 
the  field  of  battle.  As  the  student  in  the 
dissecting«room  tests  the  value  of  the 
instructions  received  in  the  theatre  of 
anatomy;  so  T)y  the  clinical  part  of  surgery 
be  is  made  to  perceive,  in  the  wards  and 
theatre  of  the  hospital,  the  truth  of  'die 
doctrines  explained  in  the  class-room. 
To  the  inexperienced  observer  half  the 


of  disease,  and  to  lay  a  solid  fonndatton  for  evib  that  afflict  onr  firame  prodnceno  out- 


rational  jirartice,  but  one  which  only  the 
discernment  of  our  own  time  has  recog- 
nised as  a  necessary  and  independent  part 
of  a  medical  cnrrictdum.  As  the  patholo- 
gist extf>7ids  bis  incjuiries  nliko  to  the  ex- 
ternal and  internal  organic  (icrangements, 
bis  discoveries  are  alike  important  to  the 
surgeon,  the  physician,  and  the  medical 
Jurist.  This  knowledge  of  healthy  struc- 
ture may  teach  flie  aOrgeon  ho^  to  operate, 
but  when  to  opmCe  he  must  learn  from 
the  diseased. 

The  skilful  administration  of  internal 
remedies  or  external  applications  caii 
often  change  the  internal  diseased  struc- 
ture of  an  organ,  and  restore  its  healthy 
condition ;  but  when  the  morbid  part 
resists  all  such  means,  and  must  be  re- 
moved, it  calb  for  the  last  resources  and 
often  the  boldest  triumphs  of  the  healing 
art.  The  surgeon  is  trained  to  viuw  the 
living  and  the  dead,  the  healthy  and  the 
(iiscased,  with  equtU  Self-oOmmand.  In 
the  dissecting-room  nnrl  the  theatre  he  is 
fiuniliarized  inritb  the  use  of  all  his  instru- 


ward  sign,  but  the  experienc  ed  physician 
reads  in  the  posture  of  the  body,  the  state 
of  the  breathing  or  the  breath,  the  colour 
and  expression  of  the  face,  the  eyes,  the 
tongue,  the  lips,  fhe  condition  of  the  skin, 
the  excretions,  ttie  pulse,  the  sound  of  the 
stethoecope,  and  a  thoosand  minute  dr- 
cnm?tances,  the  whole  progress  and  work- 
ings of  the  hidden  malady.  His  penetrat- 
ing eye  sees  tbroufl:h  the  body»  examines 
each  orpm,  ascertains  the  advance  and 
the  whole  disposition  and  ati'ength  of  the 
enemy,  plans  bis  mode  of  attadc  and  the 
forces  be  is  to  cniploy,  and,  witli  the 
promptitude  of  a  general  trained  in  the 
fiehl,  darts  on  the  foe  at  his  most  vul- 
nerable part.  This  (juick  perception  and 
inten)retation  of  the  outward  J^igns,  and 
ready  determination  uf  their  causcii,  etlects, 
and  antidotes,  is  not  the  work  of  genioB 
or  inspiration,  but  the  slow  result  of  long 
and  well-directed  study  and  observation  of 
all  that  relates  to  tiie  healthy  and  morbid 

conditions  of  th'-  bnman  frnTTu  ;    it  'v<  tho 

gift  of  »  min4  developed  by  polite  eduov 
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•tioo,  stored  by  a  libera  career  of  profes- 
uooal  studies,  and  corrected  by  the  care- 
M  observation  of  all  forms  of  diseaie,  and 
particularly  of  such  as  aft'ect  the  rnn'^titu- 
tioB  at  large  or  the  doe^-«e&tcd  orgaiii>. 
Tbe  d«|Ntttineiit  temicd'l^eArinciplesand 
Practice  of  Medicine,  conveys  to  the  stu- 
dent the  fruits  of  this  ^perienee,  and  ex- 
plains the  general  principles  yrhich  can  be 
with  safety  deduced  from  it,  as  regards 
the  characters,  the  origin,  the  causes, 
the  indications,  the  eO'ccts,  the  remedies, 
ami  the  whole  history  of  such  diseases. 
P.HtiI«fJ  mcdiciTir,  like  clinical  siirgrcry,  is 
lli^  hy-  -whkfa  the  student  learns  at  the  bed- 
side M  the  ptttient,  the  truth  and  value  of 
the  precepts  and  theoiies  explamcd  in  the 
rl;iss-r^om,  and  is  the  best  preliminary  to 
his  entering  on  the  reajwusible  duties  of  a 
physician. 

Detached  from  physic  and  sun^ery,  yet 
partaking  of  both,  is  the  province  ot  the 
■oooocbenr — ^midwifery,  and  the  diseases 
of  woiiun  and  children — a  department 
which  involves  the  most  intricate  parts  of 
•aetomy  and  physiology,  the  nicest  and 
the  boldest  operations  of  surgery,  and  the 
most  perplexing  and  difficult  cases  of  the 
practice  of  medicine.  The  whole  uterine 
qFstnoSk  and  the  changes  it  undttigoes,  the 
phenomena  of  impregnation  and  concep- 
tion, the  development  of  the  embryo,  and 
the  systems  of  the  foetus,  the  diseases  of 
pregnancy,  the  difficulties  of  Irihour,  and 
the  operations  required  to  assist  it,  the 
ambiguous  maladies  incident  to  the  puer- 
peral stale,  the  theory  and  phenomena  of 
menstruation,  the  critical  diseases  of  in- 
fmitu  and  children,— are  among  the  sub- 
Jeeta  to  which  the  student's  attention  is 
directed  in  this  extensive  fifcld  of  study 
and  practice.  Having  for  its  subjects  the 
kir  sex  and  the  helpless  infant,  it  is,  in 
8tu<ly,  perhaps  the  most  gratifying  de- 
partment of  the  profession,  but  in  prac- 
tice the  most  trying  to  the  heart,  the 
mind,  and  the  body. 

The  highest  brnnch  of  the  cnrriculuu), 
the  most  resi)on>ihle  department  of  the 
proflBSsion,  and  one  requiring  the  most 
CKtensivc  and  varied  attainments,  is  cer- 
tainly medical  jurisprudence  i  a  depart- 
ment of  modern  date,  closely  connect]  i  ig 
medicine  uith  legislation,  and  which  has 
arisen,  like  laws,  from  the  vices  of  men. 

The  vices  of  Nero,*  Caligula,  and  Cara- 
calla»  have  been  surpassed  by  the  refmed 
enormities  of  our  own  days.  Society, 
wtiich  developes  the  powers  of  mau,  gives 
refineroent  to  vice  as  weU  as  to  virtue; 
an<l  in  proporticm  as  vice  has  !)ecome 
wore  cunning,  the  searching  law  has  re- 
donbled  its  energies  to  hunt  it  out.  Poi- 
iKjningjSufrocution,  burning,  secret  wounds, 

starvatira,  tonurei  suicidcb  ^^9^  haqginft 


dro\\Tiing,  infantidde,  are  among  the  pre- 
rogatives of  OUT  species,  and  the  subjects 
of  study  for  the  medical  jurist.  How  many 
a  victim  has  sunk  tmheeded  into  the 
grave,  and  left  the  murderer  to  atoid  un^ 
suspeoted  through  the  rest  of  Vfe!  fistt 
now  the  carcass,  gone  to  shreds,  can  he 
made  to  stand  in  appalling  judgment 
against  the  murderer,  and  render  bim  the 
poison,  grain  for  grain.  Medicines  are 
])oison8,  and  the  niore  virulent  the  more 
vahiaUe,  in  skihul  hauik,  which  can  make 
them  act  like  magic  on  the  most  stubborn 
frame;  but  ignorance  and  crime  arc  daily 
adiuiuistering  them  in  mortal  doses ;  and 
«i  intricate  branch  of  medical  jurispru- 
dence, toxicology,  is  chiefly  occupietlw  ith 
the  discover)'  of  means  to  detect  their 
presence  before  or  after  death,  and  to 
counteract  their  virulence  during  life.  la 
•medical  inrpu  ^-  (  r  the  dead  body,  where 
the  life  of  an  innocent  accused  is  often  at 
stfdce,  the  nicest  acquaintance  with  raoririd 
auatoun-  is  often  recjuired,  to  distinguish 
the  natm*al  cfi'ects  of  disease  or  incipient 
decay  from  the  consequenees  of  recent 
injuries,  or  the  morbid  changes  produced 
hy  poisons ;  and  the  detection  of  the  va- 
rious poisons,  under  such  circumstances, 
often  demandB  the  ])rofonndest  knowledge 
of  rhemicnl  analysis.  Indeed,  from  the 
unjKirtance  and  the  variety  of  the  subjects 
which  come  under  tiie  cognisance  of  the 
medical  jurist,  he  requires  not  only  the 
greatest  ^irofessional  knowledge  and  ex- 
perience, hut  great  preseaee  of  mind,  and 
candour,  and  a  judgment  dear,  ready,  asul 
unbiassed. 

Such  are  the  departments  taught  by  the 
medical  faculty  of  this  establishment,  and 
to  facilliHte  their  acquisition,  as  ^veU  as  to 
diminish  the  expense  to  the  student,  he 
has  constant  access  to  a  medical  library, 
containing  many  valuable  works  and  plates, 
and  to  a  museum  of  anatomy  already  equal 
to  that  of  any  medical  school  in  the  me- 
tropolis. A  separate  museum  is  formed 
for  the  departments  of  comparative  ana- 
tomy, comparative  physiology,  and  zoo- 
logy, in  which  these  subjects  are  taught. 
In  common  w  ith  all  other  medical  schools 
of  London,  we  are  still  destitute  of  a  bo- 
umic  garden,  but  the 'connexion  of  our 
learned  professor  of  botany  with  the  Hor- 
ticultural Society  of  Juondon  fortunately 
enables  him  to  prevent  ttiat  defideocy 
from  being  felt.  For  the  illustration  m 
morbid  anatomy  the  University  possesses 
an  immense  collection  of  coloured  draw- 
ings, oieoated  by  the  professor  of  that 
department  himself  from  actual  disr  nses, 
and  the  most  interesting  ^arts  which  thoy 
represent  are  preserved  m  spirit  in  the 
Museum,  toL'i  Jiu  r  v,  ith  the  history  of  the 
case»i  ttUsUej^aiitraeutyWhichisalso  illus- 
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trated  by  the  disscctirvn  nf  recent  morhid 
parts,  must  be  gprcatly  uicrcaaed  in  inte- 
Teat  and  value  by  the  approaching  open- 
ing of  the  hospital.  Many  of  the  profes- 
aors  give  private  practical  instructions  in 
their  respective  departments,  which,  in 
bith  complicated  studies  as  Chemistry 
and  Pharmacy,  must  be  invaluable  to  those 
who  can  avail  themselves  of  those  advan- 
t»gea.  The  whole  of  the  rich  roateriala 
for  the  illustration  of  Materia  Medica  and 
Pharmacy,  are  the  private  property  of  the 
professor  of  that  branch,  and  exhibit  the 
splendid  result  of  aT>  active  life  especially 
devoted  to  the  cultivation  of  this  depart^ 
ment.    For  the  obttetiical  department, 

the  Tl'nivoi-^-ity  h?.  •  limn  so  fortunate  as  to 
purchase  the  whole  of  the  beautiful  pre* 
paratlons  and  machinery  of  the  late  rau- 
Bcum  of  Professor  Davis.  The  spacious 
apartments  for  practical  anatomy  arc  con- 
veniently placed  apart  from  the  general 
Iniildin^  by  which  the  students  can  devote 
themselves  to  that  study,  without  the  in- 
convenience or  the  ri:ik  of  interruption. 
And  every  department  of  the  currlculiun 
is  provided  v.ith  whatever  specimens, 
apparatus,  instruments,  drawings,  dia- 
grams, and  other  means  of  illustration, 
the  experience  of  the  past  years  hjts  shown 
to  b®  useful  in  communicating  knowledge. 
Until  the  Hospital  is  completely  ready  for 
the  admission  of  puj)ils,  the  usual  duties  will 
be  performed  at  the  Univei'sity  Dispensary. 
The  Medical  Society  of  the  University, 
composed  of  students,  is  calculated  to  for- 
wrard  the  great  objects  of  the  school,  by 
promoting  a  generous  emulation  iu  iiiudy, 
and  an  agreeable  inten^nge  of  know- 
ledge, by  reproving  the  wayward,  and  en- 
couraging the  good  dispositions  of  its 
yoiithfiil  members,  by  tying  early  bonds 
of  friendship,  which  will  be  the  nlerm^ 
hereafter  of  extending  their  professiotml 
acqnaintance,  and  by  promoting  that  una- 
iiiuiity  of  seiuiuient  and  kindly  feeling 
for  the  prosperity  of  the  Institution  which 
has  ever  chai'acteriscd  our  medical  stu- 
dents. The  more  diligent  students  have 
also  opportimitief,  at  the  monthly  even- 
ing conversations  held  in  the  museum,  of 
conversing  with  th^ir  more  advanced  pro- 
fessional brethren,  and  with  the  friends  of 
the  Institution,  who  favour  us  with  their 
company  on  those  occasioDS. 

"With  such  means  of  instruction,  and  by 
the  conscientious  discharge  of  our  several 
duties  as  teachers,  ourmediosl  school,  and 
the  general  establishment,  without  privi- 
leges or  endowments  of  any  kind,  have 
continued  to  prosper,  and  to  gain  in  pub- 
lic estimation,  and,  in  conjunction  with 
King's  College,  almost  to  afford  the  advan- 
tages of  a  university  to  this  great  metro- 

pnit.  Indeedf  the  heitprlvwse  whicba 


university  can  possess,  is  the  m<»fin^  of 
teaching  the  greatest  numl)er  ot  polite 
sdraoes  in  the  most  efficient  manner; 

and,  without  the  secure  possession  of  these 
means,  all  adventitious  privileges  and  dig- 
nities are  absurd  vanities,  calcnlated  to 

,  benefit  only  a  few  individuals,  who  may 
be  protected  by  such  privileges ;  to  excite 
petty  jealousies  among  teachers,  by  esta- 
blishing inequaUties  of  rank ;  to  rouse  the 
odium  of  the  profession  by  a  monopoly  of 
privilege  and  an  assumcdsuperiority ;  and  to 
deceive  the  public  with  afi^lse  show  of  sta- 
bility. Here,  all  is  harmony,  all  arc  ani- 
mated with  equal  aseal :  here  a  liberal  council 
is  ever  watclmil  to  curb  tiie  amUtious  and 
protect  the  oppressed, — an  advantage 
wanting  in  other  private  schools.  Here 
no  invidious  distinctions  have  yet  sown 
the  seeds  of  dissension,  or  damped  the  ar- 
dour of  the  teacher;  the  enthusiasm  of 
each  in  his  own  field  of  inquiry  excites  a 
kindred  ardour  in  the  youthful  student; 
and  the  business  of  education  is  still  an 
unming^lcd  source  of  satisfaction  and  de- 
light. Our  institution  is  based  on  themost 
rat  ional  and  solid  foundation  which  an  un- 
endowed uuiverbity  could  justly  desire; 
not  on  monopoly  or  cxdusive  rights,  which 
£,'encrally  protect  only  such  common-place 
or  lucrative  sutyects  as  reriuire  uo  protec- 
tion, and  leave  those  higher  departments  of 
science  to  perish,  which  alone  constitute 
the  didcrence  between  a  university  and  a 
private  school;  but  on  the  liberality  <rf  its 
principles,  on  the  congenial  sentiments  of 
an  enlightened  public,  and  on  if  "  ertiricncy 
a^j  a  school  for  the  sciences  whicii  it  pro- 
fesses to  teach.  The  busy  hand  of  reform, 
everywhere  aiding  reason  against  custom 
and  power  In  establishing  the  rights  of 
man,  is  nowhere  more  wanted  tlian  in  ttte 
!  (tlical  institutions  of  our  country,  to 
adapt  them  to  the  present  improved  state 
of  the  profiession,  and  to  the  present  wants 
and  condition  of  socict)-.  The  exclusive 
obnoxious  power  gradually  usurped  by  the 
College  of  Physicians  of  London,  is  con- 
trary to  reason,  justice,  expediency,  and 
pid)lic  good.  The  system  of  apprentice- 
ships to  apothecaries  and  surgeons  is  a 
system  of  menial  occupation,  idleness,  or 
vice ;  it  is  a  remnant  of  the  low  and  igno- 
rant state  of  the  profession  in  olden  times ; 
it  serves  only  to  secure  pecuniury  advan- 
tages and  gratuitous  service  to  a  few  inte- 
rested men,  but  is  ruinous  to  the  educa- 
tion and  character  of  our  youths,  degrad- 
ing to  the  medical  profession,  and  inju- 
rious  to  the  community  at  large.  By 
shortening  the  period  of  our  medical  cur- 
riculum in  this  University,  in  consequence 
of  the  duration  of  apprenticeships,  wewiitk 
the  value  of  our  diploma,  as  a  testimonial 
of  knowledge  hymymf*  stndy,  beneath 
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that  of  Edinburgh ;  we  countenance  an 
abuse  which  we  ought  to  endeavour  to  re- 
medy; md,  in  plttce  of  eartending  medical 

education  by  our  new  institution,  wc  cur- 
tail its  advantages  beneath  the  existing 
standard,  as  if  cheaper  honourtwere  to  be 

more  covetctT.    From  the  abuses  which 
encumber  institutions  of  ancient  date, 
from  the  discordant  interests  wMch  di- 
vide the  profestion,  and  from  the  in* 
jnrioTis  influence  of  chartered  nionopolles, 
the  task  of  medical  reform,  now  in  pro- 
gress, will  bo  ns  difficult  as  it  is  important; 
but  no  period  for  the  attempt  couhl  be 
more  appropriate  than  the  present  age  of 
roason*   EsCablisbing  and  delluing  the 
grades  of  our  profession,  organizing  or 
reforming  colleges,  limiting  the  cliar- 
tered  rights  of  eorpomtions,  planning 
curricula   of  education,  and  ap|)ointing 
disinterested  ^>onrd8  of  examiners  for 
the    diflerent   degrees    of   the  profes- 
sion, defining  the  privileges  of  univer- 
sities and  of  private  medical  schools,  cs- 
lablisbing  new  suiMlivisiou^  of  medical 
Whence,   defining   the  qualiricattons  of 
teachers,  the  regnlntincr  of  medical  patro- 
nage, are  stibjects  which  will  require  much 
deliberation  and  inquiry,  and  in  which  the 
safety  of  the  i  nmmunity,  and  the  charac- 
ter of  the  medical  profession)  are  alike  in- 
terested. The  ancient  divisions  of  medi- 
cal science,  as  commonly  taught  in  the 
schools  of  England,  are  altogether  in- 
adequate to  their  present  advanced  state, 
and   are  incompatible  with  their  being 
now  efficiently  taught,  and  this  affects  not 
only  the  existing  schuoU  and  uuivcn>itio», 
hot  the  regulations  of  all  dbiartered  com- 
panies, and  the  whole  lyttem  of  medical 
edttcation. 

The  inefficient  manner  in  which  the 
anbjects  of  medical  education  are  tauplit 
in  our  schools  by  the  present  system,  ii> 
partly  indicated  by  the  remarkably  alwurd 
regulations  of  chartered  companies,  re- 
qniririg  students  during  the  short  period 
allotted  to  their  academic  studies,  to  at- 
tend several  ttmei  the  same  cH)unie  of  lec- 
tures, as  if  several  superficial  conr>*esi  on 
subjects  of  vast  extent  and  impoitance, 
vere  equivalent  to  a  full  and  detailed 
coars5<^  i^iven  by  a  judicious  subdivision  of 
the  subjects  among  distinct  teachers;  and 
tbete  regulations  cniAnAte  from  those  very 
bodies  \vhos('  province  it  is  to  watch  over 
medical  education,  and  to  take  care  that 
no  course  shall  comprehend  more  than 
can  be  efficiently  taught  within  tlie  period 
prescribed  for  its  duration. 

It  18  only  in  established  universities  that 
a  fail  and  comprehensive  plttn  of  educa- 
tion can  be  maintained  or  expected,  for 
tbev  (done,  in  ali  countries,  are  endowed 
with  means  to  ensure  pennanent  pro- 


'tection  and  talent  for  the  hiijhf^r  and  less 
conmion  or    lucrative    departments  of 
knowledge,  and  to  secure  that  subdivision 
of  labour  which  the  extent  of  the  sciences 
demands.  These  advantages  cannot  be 
establisfaed  in  a  private  tciiool,  where  a 
single  teacher  is  compelled  to  undertake 
several  distinct  departments,  in  order  to 
afford  him  adequate  remuneration,  and 
where,  consequently,  these  de|>artroent8 
must  be  inefficiently  tantrht.    The  privi- 
,  lcg««  of  chartered  corporations  may  prove 
J  ruinous  to  the  best  interests  of  our  pro* 
fession,  if  TU)r  liberalized  and  watched  by 
a  just  and  uupartial  government}  but  if 
the  corporation  of  apothecaries  and  tlie 
corporation  of  surgeons  are  the  best  fitted 
to  plan  their  own  cttrricolum,  and  to  judge 
of  the  qualifications  of  their  own  candi- 
dates  for  these  grades  of  the  profession, 
why  is  the  coqioration  of  physicians 
alone,  in  these  respects,  a  name  without 
'  a  reality?    As  it  is  obvkMlsly  the  interest 
of  every  teru-bcr  to  circumscribe  the  cur- 
riculum as  much  as  poiisible  witliiu  the 
limits  of  bis  own  department,  it  is  as  in- 
judicious to  leave  to  them  the  planning  of 
that  curriculum,  as  it  is  to  make  theoi 
also  the  sole  jiulges  of  the  qualifications 
of  their  own  pupils  for  the  highest  rank 
in  tiie  profession.   If  training  the  youth- 
ful mind  to  paths  of  usefulness,  honoinv 
virtue,  ami  hajjpincss,  be  the  grand  ob- 
ject of  universities,  it  tends  ouly  to  cor- 
ruption to  make  them  a  mart  for  the 
traffic  of  dbtinctions,  and  a  scene  of  mer- 
cenarj'  contentions,  however  e\']>c-(!ient  it 
may  be  for  the  state  to  enrich  thciti  with 
the  profits  arising  from  the  sale  of  honours. 
There  can  be  no  good  reason,  bowevc!-, 
for  London  being  behind  Oxford  and 
Cambridge  in  any  advantages  cS  this 

kin;!. 

The  foundation  of  a  grc^  and  liberal 
metropolitan  University,  like  that  of  the 

sister  kingdom,  woidd  be  an  undertaking 
of  vast  extent,  and  worthy  of  the  present 
liberal  and  enlightened  age,  but  walls  and 
apparatas  do  not  constitute  a  university, 
tor  tbcy  can  neither  teach  the  sciences  nor 
eniiure  their  being  taught.  Indeed,  it  is 
too  obvious  to  require  remark,  that  these 
are  the  last  and  not  the  firs!  requisites  of 
a  university,  which  is  founded  on  pillars, 
not  of  stone  or  of  mortar,  hut  of  learning 
and  genius.  The  University  of  Edinburgh, 
so  long  the  Athenaeum  of  Lui'oue,  when  in 
its  glory,  in  the  time  of  the  Blades,  the 
Cullens,  the  Monros,  the  Gregorys,  the 
Stewarts,  the  Playfaiis,  consisted,  as 
some  here  may  remember,  chicliy  of  an 
unseemly  aggregate  of  ancient  cottages, 
where  the  light  of  genius  shone  brightest 
in  obscurity  and  usuodomed,  and  in  pro- 
portion M  its  palaoe  has  fiaeii*  that  Uni« 
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vftraHy^ias  tank.  Let  us  learn  bom  ex- 
perience^ and  let  ne  hope  that  tlie  period 

•is  not  far  distant  when  England  will  no 
longer  stand  alone  among  the  nations  of 
EurQpc,  with  its  capital  destitute  of  such 
a  stable  seminary,  to  extend  the  blessings 
of  useful  knowledge  and  poHto  learning  to 
its  vast  population ;  and  when  that  i>t?riod 
■vhall  arrive,  the  founders  of  this  noble  in- 
stitution will  see  the  object  of  their  disin- 
terested ambition  realized,  and  will  have 
tbe  glory  of  having  fpvea  the  flnt  Impulse 
to  nn  Tiiifiertaking  the  most  bonefidkl  to 
their  country  and  to  mankiiid. 

(Mrrieulum  qf  Medical  stndtcx,  pmpouHl 
by  the  Faculty  of  MediciMt  for  the  JJi- 
ploma  nf  "  Master  in  Mboigine  ANn 
SUMBKY    OP    THB    UKIVXSSITY  OF 

London."  1832. 

Human  AnBtomy  and  Fhytioh^. 

Chemistry. 

Compantivo  Anatomy^ 

Botany. 

Materia  Mc^ica  and  Therapeutics. 
Ptactical  Anatomy. 

l\Tnr!>irl  Anatomy. 
Surgery  and  Clinical  Surgery. 
-Pnietloft  of  Medicine  am  CUnieal  Me- 
dicine. 

Midwifery  and  the  Diseases  of  Women 

and  Children. 
Medical  Jurispmdenoe, 
Hospital  Attendance. 
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CUlssiJica tiou  Uh/.s! ruitd. 

BKroaK  entering  on  the  consideration 
of  particular  diseases,  it  is  important  to  be 
maide  acquainted  with  the  modes  by  wlii^  h 
they  have  been  arranged — with  no8ol>)i;i- 
cal  classification.  It  is  knowledge,  when 
thns  methodized  and  reduced  into  a  qrs- 
%fn^  which  constiMitM  what  Is  properly 


meant  by  the  tena  '^Sfflence,**  and 
more  pejmot  that  syilem  is,  ikie 
easily  will  it  he  understood^  tewgh^  and 

remembered. 

A  norological  system,  or  a  classificatior. 
of  diseases,  becomes,  therefore,  a  sufegeot 
of  deep  interest ;  bcranse,  when  fully  ex- 
plained, it  is  the  means  of  greatly  facilitat- 
ing and  abhceviatiag  the  labour  necessary 
to  acquire  a  compitelMaiive  knowledge  of 
medical  science. 

The  tables  of  diseases,  however,  InaR 
systems  of  nosolor^y  v.  hich  have  hitherto 
been  contrived,  arc  so  extensive,  that 
there  is  something  repulsive  in  undertak- 
ing the  elaborate  task  of  obtaining  a 
.  knowledge  of  the  various  classes,  genera, 
and  species,  in  which  diseases  have  been 
arranged.  At  the  same  time  itmmtfae 
admitted,  that  some  system  is  as  indispen- 
sably nei'Obsary  iu  the  study  of  medicine, 
as  in  that  of  botany  or  any  other  braneli 
of  nntnrni  history.  Suppose  a  person,  un- 
acquainted with  diseai4«,  to  have  placed 
before  him  a  hundred  sick,  afflicted  with  a 
variety  of  ailments,  would  not  his  first  en- 
deavour be  to  compare  and  group  toge- 
in  his  own  mind,  those  cases  which 
seem  to  have  some  resemblance?  And 
how  much  would  his  labour  be  shortened, 
if  such  a  classiftctUion  had  been  previous- 
ly made,  and  that  if  those  diseasea  which 
had  certRin  analogies  to  one  another,  had 
been  already  collected  and  methodically 
placed  together? 

Order,  a  faculty  qf  the  Mind. — You  may 
observe  tlmt  there  is  in  mm  a  love  or 
order  or  arrangement,  conmc  ncing  at  the 
very  davMi  of  reason;  indeed,  even  when 
the  intellectnal  powers  have  sewrodf 
awoke,  the  iliil'l  bi't,Mii.s  to  select  and. ar- 
I'angc  such  material  otu^*^  ^  happen  to 
be  within  his  reach.  He  places  bc^es  to- 
gether which  are  of  the  same  form,  anid 
collects  into  one  place  objects  of  tbe  sF\me 
colour  or  of  the  :>aiue  size.  This  iaculty 
seems  intended  for  the  wisest  purposes, 
and  though  observed  throughout  the  aui- 
mal  creation,  yet  it  is  bestowed  on  man  in 
a  prc-eiiiineiit  degree. 

It  is  this  faculty  which,  when  his  intel- 
lect has  advanced  to  maturity,  enables 
him  to  divide,  methodise,  and  classify,  the 
various  objects  around  him  ;  whilst  it  is  also 
one  of  the  most  important  of  our  mental 
powers  in  transacting  what  is  nsaally 
called  "  the  business  of  life."  It  is,  in- 
deed, of  such  importance  in  thf  <t|Krri- 
tions  of  mind,  that  phrenologists  iiuve  at- 
tributed to  it  a  particular  organ,  sitoated 
in  the  anterior  lobe  of  the  brain,  cori-e- 
tipundmg  with  the  extremity  of  the  super- 
'dllary  ridge.  "  Order,"  too^  says  the 
)poe^  **  ii  fiflttm'i  flnt  law.** 
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Comparative  Anatomy  is  that  branch 
u£  physical  science  which  treats  of  the 
•femcture  of  animaia.  It  describes  the 
forms  of  the  several  organs,  their  intimate 
composition,  their  iuteiuul  mechanism, 
and  tbeir  various  connexions  with  each 
other  in  everj*  class  of  animals.  It  traces 
the  gradual  developroent  of  the  organs  in 
the  embryo,  from  their  primitive  through 
all  their  siu  ,  i:e  lir,[^  forms,  and  shows  the 
relations  which  exist  between  these  tran- 
rient  forms  and  the  new  conditions  in 
which  the  animal  is  placet!  in  t-arh  of  the 
phases  of  its  existence.  It  teaches  us  the 
uses  of  the  several  parts  of  animals,  the 
functions  they  perform  in  their  economy, 
the  laws  wViich  regulate  the  co-existence 
of  orgauti  iu  liic  same  machine,  and  thu^^e 
which  determine  the  forms  of  individual 
organs  in  cnt  h  class.  It  points  out  the 
relation  whioii  ex i -its  between  the  me- 
chanism and  the  movements  of  animals, 
their  structure  and  functions,  ami  thus 
leads  us  to  penetrate  the  niy^tery  of  their 
vital  phenomena,  tbeir  ditersifled  livins: 
habits,  and  the  remnrkahlc  instiacts  of 
particular  species.   It  discovers  to  us  uu-> 


expected  analogies  in  the  forms  andstroc' 
tare  <tf  ports  in  animals  remote  from  each 

other  in  the  scale,  and  by  extending  thoso 
analogies  it  leads  us  to  perceive  a  resem- 
bhmoe  of  structure  in  very  different  daaset 

of  animals,  and  a  uniformity  of  system — a 
unity  of  plan— in  the  organization  of  the 
whole  animal  kingdom. 

Comparative  anatomy  is  a  sdenoe  of 

analj'sis  and  synrhesi?;,  and  shows  us  the 
compo:sition  auti  the  }*i  imitive  or  essential 
elements  of  all  the  organs  of  the  body,  by 
watching  the  order  in  which  their  parts 
are  called  successively  into  being,  either 
in  the  embryo  of  the  same  animal,  or  la 
ascendiTifr  through  the  great  hodv  of  the 
animal  kingdom.   Fr^upposing  a  know- 
ledge of  the  structure  of  the  hmnan  body, 
it  compares  the  organs  of  the  inferior  ani- 
mals with  those  of  man, and  shows  us  tliat 
the  transient  forms  of  his  organs  are  only 
repetitions  of  the  ])ermancnt  forms  of  the 
same  parts  in  inferior  classes, — that  the 
;  same  laws  regulate  the  fonns  in  both,  and 
that  although  he  possesses,  upon  the 
whole,  the  most  complex  nnrl  elaborate 
orgauiiiation  met  witii  in  nature,  he  ih 
inferior  to  many  of  the  lower  animals  in 
the  degree  of  development  of  particular 
organs.   It  is  only  by  this  kind  of  com- 
parison that  we  can  acquire  an  accurate 
conception  of  the  true  character  of  human 
organization.    And  by  more  extended 
comparisotis  we  determine  the  ranlc  which 
i  the  inferior  tribes  of  animals  occupy  in 
I  the  scale  of  beings.   By  determining  the 
general  laws  which  regulate  the  natural 
I  development  pf  parts,  we  arriv  e  at  the 
theory  of  irregular  developments,  or  mon- 
strosities, in  the  animal  kingdom,  and  find 
that  those  apparently  anomalous  forma- 
tions arc  the  result  of  laws  as  simple  and 
uniform         those   which  regulate  the 
healthy  or  normal  structure.   By  taking 
an  e.vfcn^i'c  ^wvycy  of  the  organization  of 
exitstiug  ;iiuii..ub,  we  discover  tliis  reniark- 
ablc  truth,  tlnit  the  development  of  every 
orjjan  of  the  hitman  body  can  be  traced 
through  all  its  successive  stages  in  the 
givat  body  of  the  animal  kingdom,  and 
the  form  which  an  organ  in  e«ent^  in  each 
of  the  lower  cittssen  corrci|K}QCs  witii  its 
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phovbssor  grant  on  thb  histokt  op 


condition  at  some  period  of  the  human 
embryo*  But  the  researches  of  the  com- 
pnrative  anatomist  arc  not  confined  to  the 
existing  races  of  animals,  lu  the  remains 
of  animals  entombed  in  the  aadenfe  tknta 
of  the  earth,  he  is  enabled  to  trace  phases 
of  organic  development  on  the  surface  of 
our  planet^  which  have  Itrng  preceded  the 
existing  forms,  and  hai  r  even  been  ex- 
tinct anterior  to  the  existence  of  our  race, 
and  of  all  the  vertebrate  tribes. 

Coinparative  anatomy  was  so  named  by 
Vicu-d'Azyb,  on  account  of  the  numerous 
flomparisoni  wbich  it  institutes  between 
the  structures  of  different  animals,  and 
from  its  having  been  at  first  cultivated 
chiefly  with  the  view  of  ilhistrathig  human 
structure,  by  comparing  the  organs  of  the 
inferior  animals  with  those  of  the  human 
body.  It  is  also  frequently  called  zootomy, 
tnm  ^WMT  **  an  animal,"  and  rtfAVtip  "  to 
cut,"  a  tcnn  ^^  hich  implies  that  the  (lis'^c  - 
tion  of  animals  is  the  source  from  which 
iIm  frets  of  the  tdenoe  are  derived* 

Like  other  sciences  founded  on  direct 
observation,  comparative  anatomy  con- 
•toted  In  ita  infiiincy  of  a  fbw  simple  and 
unconnected  facts,  which,  In  its  advance- 
ment, became  gradually  multiplied,  ex- 
tended, and  generalised,  and  were  ulti- 
mately reduced  to  a  regular  body  of 
scienrp.  AUhniicrh  fpw  branches  of  phy- 
sical iikq^uiry  have  advanced  with  more 
Vlductant  steps  than  that  which  investi- 
gates the  inten^al  mechanism  of  animals, 
and  the  laws  wiucii  regulate  their  compli- 
oated  vital  phenomena,  the  origin  of  no&e 
ma  probably  be  traced  back  to  a  temoter 
•atiqaitjr. 

lAui,  Hm  most  oomplieated  In  Internal 
iltiicture,  and  [the  most  pei-fectly  orcran- 
tei  of  material  beings,  was  created  after 
sH  the  other  animals  of  4ifs  earth.  Sm> 

rounded  with  the  nieans  of  supplying  his 
natural  wants,  and  impelled  by  his  in- 
stincts and  passions,  he  must  have  early 
commenced  AUtilities  widi  the  brute  cre- 
ation, to  pronirc  the  means  of  his  suh- 
sistence,  to  obtaui  their  fleecy  skins  to 
aheiter  his  nakedness  fronv  flie  indcmen 
cic<5  of  thr  9en«oT\s,  or  to  protect  his  hfe 
and  property  irum  their  rapacious  attacks. 
Hit  natoral  repugnance  to  scenes  of  blood 
WNdd  thus  be  overcome  by  the  habitual 

^it  of  the  mangled  carcase  daily  ob- 
ed  from  tlie  chase,  befbre  be  began  to 
tame  nr  dcnnostirativ  useful  animals^  or  to 
preserve  flocks  for  his  support. 

Notwithfltandfaig  the  diversity  of  exter- 
nal form  and  character  presented  by  his 
daily  \ictim3,  he  could  not  fail  to  ohnerve 
a  remarkable  sameuesa  in  their  internal 
•trnctnr^  and  even  to  be  struck  with  the 
ictemblancc  of  their  internal  organs  to 
Ike  correspooding  parts  which  the  nu- 


merous accidents  of  a  savage  life  had  often 
exposed  to  liini  in  the  human  body.  This 
was  the  more  likely  to  arrest  his  attention 
with  regard  to  the  great  viscera  ui  ilie 
trunk,  as  the  opening  and  dividing  of  ani* 
mals,  ^vhcthe^  to  prepare  them  as  food,  or 
to  offer  them  as  sacrifices,  was  often  at- 
tended vitb  superstitioits  ceremonies,  and 
was  confided  oidy  to  those  wlio  had  an  in- 
fluence over  the  minds  of  their  fellow  mea» 
and  whose  duties  as  aagurs  required  them 
to  ohsirve  and to  stady  the  appoanuices  of 
these  parts. 

The  oldest  historical  records  idiNMmd 
with  details  of  the  sacrifices  of  animals 
offered  to  the  deities  by  the  jjriests  of  the 
Israelites,  the  Egyptians,  aud  the  Greeks ; 
and  in  most  of  the  civilized  ^nations  of  -on- 
tiquity,  mysterious  signs  and  auguries 
were  taken  from  the  inspection  of  the  vis- 
cera of  slaughtered  animals.  Mosrb  de> 
scribes  the  mode  of  conducting  these  sa- 
crifices among  the  Israelites  more  than 
thirty  centuries  ago,  when  yonngbulloekB, 
rams,  sheep,  calves,  kids,  lambs,  goats, 
young  pigeons,  and  turtle  dove*,  were 
offbr^  to  the  Deity  as  atonement  for  the 
sins  of  his  people.  Homer  makes  coii^taut 
allusion  to  the  sacrifices  of  domestic  ani- 
mals and  auguries  taken  from  the  appear- 
ance of  the  internal  organs,  by  the  Gre- 
cian priests  at  the  Trojan  war,  eloveu 
bundled  years  before  Chriiti.  The  pi lests 
of  Egypt  at  as  remote  a  period,  enjoyed 
extensive  opportimities  of  examining  the  % 
internal  parts  of  quadrupeds,  birds,  and 
raphes,  worshipped  as  deities  in  that 
country,  and  preserved  after  dvpJh  em- 
balmed in  the  pyramids.  Many  of  the 
carcases  of  these  animals  are  slU]  bnmgbt 
to  Europe  frnin  these  ancient  monuments, 
j  in  a  state  of  iiigh  preservation.  GaorraoT 
SAtWT-HTLAiaa,  when  with  tiw  frmntih 

army,  brought  from  the  tombs  of  Upper 
and  Lower  Egypt,  mummies  of  cats,  dogs, 
monkeys,  the  head  of  a  bull,  birds  of  prey, 
ibises,  and  crocodiles.  Interesting  de- 
scriptions of  the  sacrifices  of  animals 
among  the  Egyptians,  and  oi  the  whole 
process  of  embalming,  are  given  in  the 
writings  of  Herodotus,  the  most  nncicntof 
profane  historians,  and  in  those  of  Dio- 
doms  Sicnlus. 

Although  Moses,  in  hi=7  la^v^'  tn  the 
Israelites,  and  Uomer  throughout  his 
poems,  have  shown  that  they  possessed 
an  intimate  acquaintance  with  tlie  inter- 
nal parts,  and  the  living  economy  of  many 
of  the  lower  animals,  the  zootomical 
knowledge  collected  by  the  priests  during 
their  rites    and   ceremonies,  consisted 

j  only  of  observations  on  the  natural  and 
morbid  appearances  of  the  larger  viscera, 
pnrticidnrly  of  the  heart  and  liver,  from 

I  which  their  signs  and  omens  ik  futon 
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events  were  chiefly  taken,  and  tliese  ac- 
cumulated obiien'ations,  which  formed  a 
oonaidenlUe  portion  of  their  art  of  divina- 
^on,  were  not  applied  hy  them  to  the  ad- 
vancement of  any  rational  piuvuit. 

That  BiDgidar  antf  acute  pliflcM^lier, 
6emocritl's,  about  400  years  before 
Christy  during  his  retirement  in  the  un- 
healthy forests  dr  Ahdera,  devoted  himself 
to  the  examination  of  the  internal  struc- 
ture of  the  lower  animals,  with  a  scientific 
object  in  view.  His  contemporary,  Hip- 
pocrates, who  visited  him  in  his  solitude, 
found  him  dissecting  under  a  tree,  sur- 
rounded with  the  carcases  of  the  quadru- 
peds he  had  already  examined,  and  the 
father  of  physic  i?  said  to  have  profited  by 
the  anatomical  observations  of  this  philo- 
sopher. In  his  letter  to  HiFPOCluiTBS  on 
the  nature  of  madness,  this  acute  observer 
first  maintained  the  brain  to  be  the  true 
seat  of  the  operations  of  the  mind.  Hip- 
POCRATKB,  who  aftervni  ils  directed  much 
of  his  leisure  to  the  study,  of  anatomy, 
considered  this  mfgan  as  an  inert  refrige- 
ratory of  water  and  earth,  destined  to 
condf'ise  the  vapours  which  rose  from  the 
low  er  cavities  of  the  body. 

pTTHAOoaAa,  Alcmeox,  and  Empe- 
dOclks,  are  also  said  to  have  directed 
their  attention  to  the  structure  of  ani- 


The  cultivation  of  this  study  is  attended 
with*  droumstances  very  different  from 
tiioie  of  the  abstFace  tciences,  and  which 
have  mainly  contributed  to  retard  its  pro- 
gress. It  depends  for  its  advancement 
much  less  on  the  efforts  of  genius,  or 
learning,  or  profo\ind  meditatioii,  than 
on  the  constant  employment  of  the 
ej'e3  and  the  scalpel,  and  the  abundant 
supply  of  from  all  parts  of  the 

globe,  which  arc  often  inconsistent  with 
the  private  means  ol  scientific  men.  With- 
out the  powerfiil  and  well-directed  patron- 
age of  Alexander  the  Great,  the  varied 
and  extensive  learning,  and  the  compre- 
liensive  genius  of  Aristotia,  would  have 
littic'  a\;Lned  him  in  accumnl-ttinp:  that 
great  body  of  zootomical  knowledge  which 
he  iMS  left  to  the  admiration  of  succeed- 
ing  ages.  Thousands  of  men  were  em- 
ployed throughout  Greece  and  Asia  to 
collect  all  kinds  of  animalsforAKiBTOTLE, 
wfiA  eighty  talents  of  gold  w  ere  pi  k  o  l  at 
his  disposal  for  the  ad^'^ncement  of  this 
bi-auch  of  science.  The  zoological  trea- 
eures  thnt  CQiiected  from  all  parts  of  the 
world  were  carefnlly  examincMl.  dissected, 
and  described }  and  thougii  the  physiolo- 
gical viem  of  AmieTOTLB  occasionally  par- 
take of  the  errors  of  those  times,  he  every- 
wliere  displays  a  minute  and  extensive  ac- 

Sttinfini*ff  with  the  structure  and  habits 
anhnalib  an  extent  of  kxuiwlAdge  ia  tliia 


department  which,  notwithstanding  the 
advantages  he  is  known  to  have  possessed, 
is  quite  extraordinary  for  the  period  at 
which  he  wrote.  Some  of  Aaistotle's 
descriptions  ot  quadrupeds  were  con- 
sidered bf  CvvtVR  as  superior  to  those  of 
BuFFOx,  and  in  the  lowest  tribes  of  ani- 
mals we  shall  see  that  his  details  are 
someliraes  more  minute  and  accurate- 
even  than  those  of  Cuvikr  himself. 

After  the  time  of  Aristotle  much  at- 
tention was  devoted  to  this  subject  by  me- 
dical men,  flNMn  a  laudable  desire  to  he* 
come  better  acquainted  with  the  true  na- 
ture of  disease,  and  from  the  difficulty  of 
obtaining  human  bodies  for  that  purpose 
in  those  times  of  ignorance  and  stipersti- 
tion.  Dioci.ES,  Herophilus,  Erasis? 
TRATV8,  ^LiAK,  and  Galbn,  directed 
their  attention  to  this  branch  of  anatomy. 
The  writings  of  i£liau  in  particular  con- 
tain much  information  on  all  thectesses- 

of  the  animal  V;inc:(1niri  ;  and  it  is  well 
known  that  almost  the  whole  of  the  ana- 
tomical knowledge  which  Gaisk  applied 
to  the  human  body,  was  derived  from  the 
dissection  of  the  lower  animals.  This,  in 
particular,  has  been  detected  by  the  nu- 
merous errors  into  which  he  has  been  led 
by  applying  the  osteology  of  qoadnqpedt 
to  the  human  skeleton. 

The  natural  hisloty  of  the  Elder  Plikt» 
like  the  voluminous  writings  of  Aristotle, 
may  be  regarded  as  an  encyclopaedia  of 
idl  the  hmcrarledge  of  the  time  wlien  it  wm 
written,  and  by  the  few  facts  in  compara- 
tive anatomy  which  it  has  recorded,  in 
addition  to  those  of  the  Gmek  philose^er; 
it  marks  the  slow  progress  of  this  sciencQ 
during  a  period  of  four  hundred  yeaxs^ 
which  intervened  between  them. 

During  the  long  darkness  of  the  middle 
age-!  the  scientific  ihvestigatioix  of  the 
annual  frame  appears  to  have  retrograded 
rather  than  advanced.  So  late  aa  tlie  be* 
ginning  of  the  sixteenth  century,  the 
writings  of  Rondeletiiis,  Columbus,  and 
ArnnovANDOSt  may  be  said  to  have  re- 
ci  prttrrl  this  Study,  and  by  pointing  out  its 
pi-actical  applications  they  gave  a  proper 
dbreetion  td  the  pursuit.  Th»  works  of 
Fabricius  contain  many  zootomical  de- 
tails ;  and,  in  his  public  instructions,  the 
illustrations  wliich  he  drew  from  com- 
parative anatomy  directed  the  views  of  his 
pupil  Harvey.  It  was  by  experiments 
and  dissections  of  the  lower  auunais  that 
Harvey  ascertained  the  true  course  of 
the  blood  through  the  system,  nvrl  thua 
established  a  discovery  which  has  chaiiged 
the  ftce  of  medical  science.  The  sinfwr 
discovery  of  Gat-vant,  which  has  had  aa 
marvellous  an  influence  on  the  science  dt 
chemiBtiy,  and  baa  led  to  the  MMSUtt* 
meat  of  the  new  idence  of  galvudnii,  wm 
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made  by  observing  the  contractions  of  the 
muscular  fibres  while  that  physician  was 
directing  a  fiog. 

The  discovery  of  the  lacteal  vessels,  by 
Abellius  of  Pavia  in  1622,  was  made  by 
examining  the  mesentery  of  a  live  dog. 

The  thoracic  duct  was  first  detected  bv 


to  be  separated  from  that  of  the  human 
body,  and  its  ])rogres8  and  history  to  be- 
come distinct  from  those  of  human  ana« 
tomy,  with  which  they  bad  been  hitherto 
identified. 

The  precision  introduced  into  the  study 
of  the  animal  kingdom  by  the  philoso- 


£u8TACHiU8  in  examining  the  viscera  of  I  pbical  arrangements  of  hiUKMVs,  the 
a  hwae,  and  the  true  functioa  of  this  canal  taste  created  for  the  study  by  the  do* 

was  afterwarda  ascertained  by  Pbcqukt,  '  qiience  and  genius  and  labours  of  Buffox, 
by  observations  made  on  other  .quadrupeds  the  numerous  and  elaborate  descriptions 


as  early  as  1651. 

AsKLi.ius's  discovery  of  the  lacteals  in 
quadrupeds  was  known  for  twelve  years 
before  Veslinoius  detected  them  In  the 
human  body. 

That  minute  and  indefatigable  zooto- 


of  DAVBKtrroif,  Cahpre,  Pallas,  and 

ViCQ-u'AzvR,  the  curious  zootomical  dis- 
coveries of  Lyonnbt,  Goeze,  Db  Gekr, 
MvLLKR,  Spallakzant,  and  Fontana; 
the  many  useful  contributions  of  Scari'a, 
GoiTAN,  Lt:8kk,  Bloch,  Campahetti, 


mist,  SwAMMKRDAM,  whose  splendid  "  Bi- I  Steno,  Kiflmevkb,  Petit,  Ferrkin, 
Mia  Nafcurs"  has  thrown  so  much  light  j  Barthez,  Hedwio,  Ravx,  BtiAKS,  Tu* 

on  the  organization  of  the  lowest  tribes  of  i  nox,  Lotidat,  Roskn'mullkr,  Geokfroy, 
animals,  was  the  first  w  ho  observed  thejMEKREM,  and  the  cider  Meckki^  and  the 
valves  in  the  absorbent  vessels  in  1664.|ttSefallalKmts  of  our  countrymen  Dono- 
The  absorbent  vessels  themsclvr<^  lind  been  !  lasp,  IIewsox,  Monro  primus  and  se 


discovered  about  ten  years  belurc  both  in 
Bnglaud  uid  Sweden. 

The  importance  of  the  discoveries  thus 
dne  to  comparative  anatomyin  illustrating 
the  anatomy  and  physiology  of  the  human 
body,  and  the  numerous  improvements 
they  introduced  into  medical  sciencCf  gave 
a  new  impulse  to  the  atndy  in  most  or  the 
schools  of  Europe. 


cundutf,  and  the  two  Hunters,  not  only 
enlarged  the  boundaries  of  the  science  in 
all  its  departments,  and  raised  its  import- 
ance in  the  scale  of  knowledge,  by  the 
nnmeroos  nsefiil  applications  of  its  prln- 
ciplcs  which  they  iiointcd  out,  and  by  the 
luminous  views  they  unfolded  regarding 
the  general  laws  of  axdmal  organisation, 
t  but  succeeded  also  in  giving  an  impulse 


The  zootomical  details  of  Sevbrinus  to  the  study  in  many  of  the  first  univer- 


and  Blasius,  the  minute  and  accurate  in 
restigationB  of  Redi,  Malpighi,  and 
SwAMiiCERDAM,  tho  valuable  contributions 
of  PBRRAriT  aud  JJuvEaxEV,  and  the 
uselul  labours  of  our  oonntryraen  Ttson, 
NnaSHAM,  Grew,  and  Collin-?,  consi- 
derably extended  the  boundaries  of  the 
science  about  the  beginning  of  the  seven- 


I  sities  of  Europe. 
I  Since  the  ]>ubliealiott  of  the  first  ele- 
mentary treatise  on  comparative  anatomy 
by  the  vctterable  Blcmen'BACH,  the  father 
of  this  science  in  Germany,  and  still  its 
most  zealous  patron,  the  study  has  been 
ardently  pursued  by  numerous  distin- 
guished German  anatomists,  and  is  culti- 


teenth  century,  and  the  many  striking  in- 1  vated  w  ith  zeal  and  advantage  in  many  of 
stance  of  design  and  intelligence,  which  i  the  universities  of  that  country.  The  dis- 
they  pointed  out  In  the  acooomy  of  the  j  tinguiriied  talents  and  Taried  learning  of 


inferior  animals,  excited  a  mora  ttveljrin 
terest  in  these  pursuits. . 
Tlie  nmneroos  and  interMting  inqtiiries 

of  Rbaumvr,  and  tlu  \vritings  of  Duvkii- 
Nov,  Caldesi,  Yalextiki,  Meveb,  and 
Stbller,  laid  open  many  new  and  curi- 
ous paths  of  investigation.  The  volumi- 
IV)"H  writings  of  H  ali.rii  showed  the 
utuity  of  tills  study  lu  every  department 
of  human  anatomy  and  physiology.  The 
beautiful  works  of  RoKsr.r.  and  TnF^rnr  v 
and  Ellis,  exciteti  a  lively  interest  auioug 
the  physiologists  and  naturalists  of  Eu- 
i"ope,  !iy  the  singular  and  unexpected  re- 
wtxltn  ot  their  investigations  into  the  struc- 
tare  of  Hie  lowest  and  most  neglected 
tribes  of  animals. 

From  the  rapid  progress  and  the  sub- 
divlrfon  of  tlM  other  physical  sciences, 

and  from  the  vast  extent  of  the  animal 


the  ln.tr>  Professor  Rt'DOLphi  of  Berlin, 
the  luminous  views  of  Humboldt,  Oken, 
TiKDSMAKK,  Trstibanvb,  and  ntifessor 
Meckel  of  Halle  in  this  department,  the 
useful  labours  of  Professor  Carcs  of  Dres- 
den, GuRLT,  Jevde,  Keergaard,  Pan- 
DBB,  I>*A.LTox,  Albkrs,  Gall»  I^gHsm, 
RosFNTHAi-,  Nttzsch,  Brf.m«;kh,  Tem- 
MiNCK,  Professor  Fohman,  Lichten- 
STBtir,  Sobweigger  of  Konigsherg,  and 
BojANrs  of  Poland,  and  the  numerous 
contributions  of  Rril,  Voigt,  Baer, 
Oppbl,  Ratbke,  Froriep,  Wtanaif  awk, 
Weber,  Sriv,  Gadk,  Morrex,  Waclkr, 
Olfbrr,  Wknzel,  Punke,  Dr.  Mvllbe, 
Professor  BRBCNaano,  the  distinguished 
traveller  and  companif  n  f  Humboldt, 
and  many  others,  have  continued  to  pre- 
serve Ibr  (Sennany  the  high  rank  wMeh 
it  ha-s  so  long  held  in  the  history  of  this 
kingdojn*  the  study  of  sootomy  bi^an  now  1  department  of  science.  It  is  not|  however. 
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alone  by  lectures  and  publications  that 
Germany  hn^  advancefl  the  interests  of 
comparaiu  c  uuutomy.  The  splendid  mu- 
seum of  Berlin,  fornteiiy  under  the  di- 
rection of  RvDOLPHi,  contains  a  vast  and 
be&utiful  series  of  zootomical  preparations, 
the  rich  collect iuns  of  Professor  Meckel 
are  constantly  increasing  in  extent  by  the 
indefatigable  zeal  of  that  profound  anato- 
mist, and  the  sootomicu  colieetions  of 
Leyden,  Bonn,  Frankfort,  Halle,  Vienna, 
Dresden,  Goettingen,  and  other  parts  of 
Gennany,  will  «ctend  and  pcqtetuate  an 
interci-t  in  the  study,  even  be)  oud  the  ex- 
ertions of  its  present  numerous  cultiva- 
tors. The  annual  meetings  of  the  Ger- 
man naturalists  in  different  parts  of  the 
empire,  and  the  nmnerous  societies  de- 
VOte<i  to  tlie  advancement  of  these  pur- 
saits,  iirninote  the  rapid  diffation  of  sci- 
entific discoveries,  excite  a  generous  emu- 
lation, and  give  a  due  direction  to  that 
zeal  for  which  they  are  so  eminently  dis- 
tinguished. 

The  i>overty  of  the  Italian  states  pre- 
vents them  from  givmg  that  public  sup- 
jiorf  to  the  more  expcusivc  branches  of 
physical  jicieiicc,  which  is  so  advantage- 
ouiily  and  jndictonsly  bestowed  by  the 
inorc  wealthy  countries  of  Europe.  Hence, 
notwithstanding  the  number  of  distin- 
guished anatomists  who  have  flourished 
in  Italy,  the  great  medical  sdiools  of  Pa- 
via,  Padua,  Pi-?;,  and  Bolojyna,  present  no 
means  oi  .studying  this  depurtmeni  of  ana- 
tomy; and  in  the  vast  museum  of  wax 
anatomical  preparations,  the  Gabinctto 
Physico  at  Florence,  there  arc  very  few 
specimens  illustrative  of  comparative  ana- 
tomy. Italy,  however,  the  countn,-  of 
Plimy,  of  Ald&ovandcs,  of  Redi,  of 
FABmicirs,  Moaoaoni,  Svaixanxani, 
FoNTANA,  Mascagxi,  aiid  Scarpa,  has 
not  remained  indifferent  to  the  progress 
of  this  science  in  other  parts  of  Europe, 
hut  has  laboured  with  singular  success  in 
tnajiy  of  its  most  obscure  departments. 
We  shall  have  frequent  occasion  to  speak 
of  the  researches  of  Cavolini  on  the  ani- 
mals of  the  Bay  of  Naples.  They  present 
the  most  singular  discoveries  which  have 
yet  been  made  in  this  department  of  sci- 
ence, and  though  published  by  that  pro- 
faund  and  accui-ate  observer  nearly  lifty 
yeavs  ago,  they  arc  only  now  beginning 
to  be  known  to  Europe.  The  folio  ana- 
tomical works  of  PoLi,  ou  the  Anatomy  of 
the  Testaceous  MoUusca  of  the  TVro  Sici- 
lies, jjublished  at  Parma,  have  never  been 
surpassed  for  minuteness  of  detail  arul 
splendotir  of  execution.  The  Interesting 
and  beautiful  quartos  of  Di.li.i;  Chiaji:, 
on  the  Anatomy  of  the  Invertebrate  Ani- 
mala  of  the  Kingdom  of  Naples,  the  re- 
coit  menchM  ai|d  interesting  disooveries 


of  RcscoNi  on  the  structure  and  devdop* 

ment  of  the  .salamander,  the  proteus,  atid 
other  ruptUeii }  the  valuable  labours  of 
Risso  on  the  animals  of  the  Mediter- 
ranean, the  researches  of  the  late  Ro- 
lando on  the  great  centres  of  the  ner- 
vous system  in  the  higher  ebssea  of  ani* 
rnals,  the  zootomical  investigations  of 
MoREscHi  of  Milan,  Lippi,  CarenAi 
Giorka,  and'MAi.ACAnKE,  the  lahoriona 
researches  uf  niioccni  and  Cati  llo  on 
the  fossil  animals  of  Italy,  and  the  syste- 
matic works  on  comparative  anatomy  by 
Professor  Jacopi  of  Pavia,  and  Uccki.li 
of  Florence,  have  continued  to  support 
the  long-C!»tablit>hcd  reputation  of  the 
Italian  schools;  and  not  a  little  of  that 
zeal  for  7:ootomiral  pursuit'^,  v  hich  of  late 
years  has  becu  m  geucndiy  tiuuul'estcd  in 
that  country,  and  is  so  advantageous  to  the 
scit  uce,  is  due  to  the  public  instructions, 
and  to  the  unwearied,  though  unsupportedt 
exertions  of  the  late  Dr.  Metaxa,  my 
learned  friend  and  preceptor,  who  vas 
apj)oiuted  professor  of  comparative  ana- 
tomy in  the  University  of  La  Sapienza  at 
Rome,  in  181it,  by  Baron  Ct"\  ii  n. 

All  the  descriptive  branches  of  physical 
science  require  for  thefar  successtul  stody 
a  constant  appeal  to  the  objects  describc(l,  . 
and  no  department  appears  more  de- 
pendent on  such  illustration  than  oompa> 
rative  anatomy.  Counnon  observation 
makes  us  all  familiar  with  the  rri-'norn! 
outward  forms  of  anunais,  aud  a  short 
description  may  convey  to  us  a  pi-etty 
accurate  idea  of  the  form  of  one  we  have 
never  seen.  But  their  complicated  ma- 
chinery lies  concealed  from  our  \-iew,  it 
requires  patience  and  skill  to  bring  it  into 
night,  and  no  distinct  idea  can  be  con- 
voyed by  mere  description  to  the  inexpe- 
rienced, of  that  conij'l  V  arrangement  of 
parts,  and.  those  minute  differences  uf 
structure,  on  which  the  pecnliar  habits  of 
the  sipecies  often  depend.  A  constant 
reference  to  the  objects  themselves  is  the 
more  necessar}'  in  comparative  anatomy, 
from  the  extent  and  variety  of  the  animal 
kingdom,  and  the  rarity  of  many  of  the 
objects  it  conipreheudai. 

In  the  possession  of  these  means  of 
illustrating  every  department  of  this  ex- 
tensive study,  no  country  in  Europe  can 
compete  with  France.  The  inuseunis  of 
comparative  anatomy  and  zoology  in  the 
Garden  of  Plants  at  Paris,  have  been  con- 
stantly augmenting  for  more  than  a  cen- 
tury, aii'l  have  loug  snrpassod  in  extent 
ami  magniticence  everything  of  the  kind 
In  existence.  When  Bovvok  was  appoint- 
ed director  of  the  Garden  of  Plantii  in 
1739,  there  were  two  rooms  containing 
zoological  specimens  already  open  to  pub- 
lic ii^eetion,  and  one  room  contatning 
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■kiflgtOtMb.  iwMiPb  WMkept  private.  The "  and  menagerie  of  the  Stadtholder,  which 
unremitting  exertions  of  Btjffon,  and  his  were  pillaged  by  the  French  on  the  Ukiaft 
i^fluence'.with  the  King  of  France,  soon  of  Holland.  The  great  aocumiilation  M 
graatiy  extended  the  zoological  collection,  materials  rendered  it  necessary  to  subdl- 
The  quadrupeds  and  birds,  so  eloquently  ^  ide  the  department  which  embraced  the 
described  by  BnrFON,  and  the  fishes  de-  annual  kingdom,  and  Lacepede  was  a^^- 
acribed  by  Lacbpbdb,  were  preserved  m !  pointed  to  teach  the  soology  of  vertebrate 
that  cabinet,  but  their  arrangement  was ;  animals,  a  chair  now  so  ably  filled  by  his 
in  accordance  with  the  weU-kuown  con-  illustrious  successor  GEotFRov  Saint- 


tempt  of  BvFvoN  for  scientific  classifi- 
cation. 

DAVBENTO^t  the    pupil  of  WlNSLOW 

sad  I>vvE«NitY,  WAS  appointed  by  Birr- 

FON,  in  1745,  (lenionstrator  of  anatomy, 
and  occupied  himself  in  making  skeletons 
of  all  the  animals  he  could  procure,  and 
in  dissecting  and  describing  their  soft 
parts.  During  the  directorship  of  Buf- 
FON,  the  Academy  of  Sciences  purchased 
the  anatomical  collection  of  Hunavd, 
who  had  been  formerly  demonstrator, 
and  presented  it  to  the  Garden  of  Plants, 
^vliere  it  was  joined  to  the  ooUeetion  el- 
leady  formed  by  Duvkrnf-v,  an'1  nn^- 
mented  by  Daubenton.  The  elaborate 
abotomical  descriptions  and  plates  of  Dav- 
BENTON,  taken  man  the  specimens  of  the 
Cabinet  du  Roi,  and  pnhlished  along  with 
the  works  of  BtrrvoK,  formed  the  most 
valuable  contribution  to  comparative  ana- 
tomy which  had  hitherto  appeared,  and 
presented  the  subjects  in  their  most  in- 
telligible and  attractive  forms. 

About  the  mifhlle  of  the  la«t  century, 
Vlctt-D'Az  Y  R,  Nsiio  had  been  appuiuted  by 
PftTrr  to  assist  him  in  the  comse  of  hu- 
man anatomy  in  the  Garden  of  Plants, 
eminently  distinguished  bimSelf  by  the 
numerous  striking  iUustratitms  he  drew 
from  comparative  anatomy,  and  by  bis 
profound  and  original  views.  While  Bil- 
LAnoBKis,  'who  succeeded  Bovpoir,  was 
dfrcctor  of  the  Garden,  Leurt  x,  one  of 
tilie  ministers  of  the  King  of  France,  in- 
tcoduced  a  professorship  of  zoology. 

On  the  breaking  out  of  the  revolution 
in  1792,  when  Billarderib  made  his 
escape  from  France,  the  museum  of  natu- 
ral history,  foTvatity  the  king's  garden, 
Tuif^erwent  anew  organization,  an(l  a  dis- 
tinct professorship  of  the  anatomy  of  ani- 
niab  uras  introduced,  which  was  given  to 
the  venerable  MEKTRt'D,  so  justly  eulo- 
gized by  CuviEA  for  his  zeal  in  that  pur- 
suit. Saint  Pikrrb,  who  had  just  been 
appointed  to  the  directorship  of  the  gar- 
den, induced  the  government,  which  had 
always  seconded  the  eflbrts  of  the  direc- 
tors, to  purchase  for  that  rising  establish- 
ment the  menagerie  of  Versailles,  and  thus 
begim  that  collectfon  of  living  animals, 
N\hicii  has  so  I mu;  uxcitcd  the  interest  and 
admiration  of  Europe.  The  collections  of 
the  garden  were  greatly  increased  in  1795 


Hilaire.  Labcarck  was  at  the  same  time 
appointed  to  the  chair  of  the  zoology  of 
invertebrate  animals,  an  appointment 
whlchhe  held  till  hladeath  in  1830,  at  the 
advanced  age  of  86  years.  Two  assistant 
zoologists,  OasMooJLiMS  and  Dufrb&nb^. 
were  also  appointed  at  that  early  period 
(1793)  to  complete  the  zoological  depart- 
ment; and  the  late  celebrated  Lateillk 
was  made  assistant-naturalist  in  the  foil* 
lowing  yeav. 

Mertrud,  w!io  had  dissected  animals 
for  many  years  ;il nng  witli  Daubenton, 
was  already  too  ntu  h  advanced  in  years 
at  the  time  of  his  appriintmeut  to  the 
chair  of  comparative  aimtouiy,  to  under- 
take the  active  duties  of  that  extensive 
riepartment,  and  by  the  advice  of  hi3  col- 
leagues he  appointed  Cuvier  to  lecture 
for  him  in  1795*  Coviam  had  already 
made  himself  favourably  known  to  the 
naturalists  of  Paris,  by  his  intecesting  pa^ 
pers  on  the  anatomy  of  the  mottusca,  and 
by  his  popular  lectures  on  natural  history, 
delivered  in  the  central  school  of  the  Pan- 
theon. Tiic  appointmeut  of  Cuvikr  to 
this  chair  in  the  Garden  oCJPlants,  formed 
the  commencement  of  a  new  and  a  bril- 
liant era  in  the  hiistory  not  only  of  com- 
parative anatomy,  but  of  the  study  of  na^ 
ture;  for  since  the  period  of  Aristotle,  no 
one  had  ever  combined  with  the  study  of 
tiieae  departments,  more  distinguiuied 
talents,  more  varied  and  extensive  know- 
ledge, or  more  indefatigable  zeal  in  the 
pnrsirft,  and  none  baa  ever  succeeded  in 
effecting  more  impOVtailt  revolutions  Ilk 
physical  science. 

On  the  death  of  Mbrtrvd  in  180^ 
CuviBR  was  confirmed  as  his  successor  ia 
the  chair  of  co?n]>arativc  anatomy,  and 
now  directed  hia  wiioic  energies  to  the 
extensixm  of  the  sootomlcal  museum  as 
the  only  means  of  rendering  the  instruc- 
tions in  this  department  of  solid  and  per- 
manent utility.  In  the  same  year  Cuvibk 
and  his  pupils  disserted  the  male  elephant 
from  tbo  Stadtholder  ooUectiou,  whicl\ 
diedatPasls.  They  dissected  aaoUier  male 
elephant  in  1S04,  and  a  female  a  few  years 
after.  By  the  imremitting  exurtiung  of 
Covnn  and  his  assistants  and  pupils  iu 
dissecting  and  preparing  tht.  ajiimals 
which  died  in  the  vast  menagerie,  the  ca-. 
binet  of  comparative  anatomy  in  1806 


Inr  tim  anM  of  tlM 
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to  extent  of  materia,!  end  »cientifir  ar-jmill  kine'^om,  he  haa  surpnssrfl  nH  his 
rangemeaty  as  to  be  opened  to  public  in-  i  predecessors  ai«d  contemporaries,  by  hia 
wptitin,  9mA  H  hat  emlhmcid  opm  t»  Ae .  profound,  phOoeopMcal,  and  original  liawi 
present  tune.  '  of  the  anatoiny  of  the  higher  animals,  and 

•  The  diractioii  of  the  menagerie  waa  i  by  the  ingenuity  and  boldness  of  hk  spe- 
fhux^  wilder  the  csre'  of  FB«a«»i«nc  Cv- 1  enlftHoiia  m  rc^ari  im  the  deretopment, 
VTKR  iit  1805,  and  from  the  facilities  he  and  the  analogies  of  org^s  and  the  ge* 
thus  eojoyed,  he  greatly  aided  the  re- i  neral  laws  of  the  an rmal  economy.  H<>  has 
searekca  of  bis  brother  by  the  nmnerons  greatly  extended  our  acquaintaiice  w  ith 
additions  he  made  to  the  oaleological  part  die  ^edes  of  vctebrate  tmmtia,  and  all 
of  the  cabinet,  and  by  his  owti  profound  his  zoological  descriptioDS  are  marked  by 


inquiries  into  the  structure  and  forms  of 
tlM  tMth  ef  ^ndropeds.  The  work  of 
Frkokhtcic  CrviER  on  the  teeth,  consi- 
dered as  ^logical  characters,  has  proved 
of  great  pcactical  utility  in  the  stndy  both 
ei  recent  and  fossil  quadrupeds. 
•  The  eloquence,  the  learning,  and  the 
gCfllBa  of  CvnsB,  tha  moommon  popu- 
larity of  his  Icctnres,  the  rapid  succession 
and  tmportaxuie  of  hii  diecovenes,  his  in- 
deAtfgable  spirit  of  researeli,  tiie  original- 
ity and  grandeur  of  his  general  views,  and 
the  varieQr  and  extent  of  his  means  of  illus- 
tration, not  only  rendered  the  subject  a 
favourite  study  in  Paris,  but  ^aiiddy  ex- 
tended his  fame  through  Europe.  The 
multiplicity  of  bis  avocations  prevented 


a  precision  and  accuracy  and  philoso- 
phical spiril,  Mrhk:h  giro  a  Mamy  na4 
dignity  to  one  of  the  most  popular  iSld  at- 
tractive of  the  physiiad  sdeoeea. 

The  labonra  of  Lamabck  on  the  tnver* 
tebrate  animals,  continued  for  nioic  than 
thirty  years,  have  proved  not  less  emiueutly 
beneficial  to  that  obscure  and  difficolt  part 
of  the  science.  He  has  carefully  examined 
every  portion  of  that  immense  division  of 
the  anmid  kingdom,  aadentnrdy  r^rmed 
that  part  of  zoology.  In  his  voluminous 
writings  he  has  entered  largely  into  the 
organization  of  all  the  classes,  and  fully 
described  the  character^  Ae  hutory,  aM 
the  synonymes  of  the  species.  His  ge- 
neral views  ai-e  distinguished  by  an  extent 


him  from  undertaking  thus  early  a  lyt-  and  minuteness  of  ohservatiom,  and  ori 


tematic  v  ork  on  the  science ;  but  manu 
sca-ipt  copies  of  his  lectures  taken  by  pu- 
Tptlm  i#ere  eircnlated  in  Paris,  and  even 
qunfed  in  publications.  In  1800  M.  Du- 
MKftii.,  who  was  at  the  head  of  the  anato> 
nfcal  department  of  the  School  of  Mediefaie 
at  Paris,  and  who  hail  taken  copious  notes 
at  several  courses  of  Cuvibr's  lectures, 
oomfiMnoed  the  pol»lication  of  these  leo- 
tttres  with  the  consent  and  assistance  of 
CuriKR.  Two  volumes  of  the  "  Lecons 
d' Anatouiie  Compar^e  "  were  thus  publish- 
ed hy  DuMfiniL,  when  his  important  du- 
ties at  the  School  of  Medicine,  and  the 
new  investigations  of  Ci  vikh  mto  the 
ftesil  animals  of  the  Paris  Bason,  inter- 
mpted  the  publication  of  the  work.  At 
length  in  180d,  Dr.  Duvbrnoy,  adistin- 
geislied  p«pil  aad  rdative  of  M.  Cvttibr, 

and  a  rrnlnns  rmafoTnist,  Was  infmsted 
with  the  completion  of  that  work  which 
has  stood  nnrfraUed  fw  its  extent,  origi- 
nal; iv,  elegance,  and  accuracy,  for  nearly 
thirty  years^  aotwithateading  the  conti- 
nned  and  rapid  admiceinent  of  the 
acience  in  everf  depagtmciii  dwinfftlat 
long  period. 

early  as  1793,  GEOvrnor  Saimt- 
HlltAian  comraenued  his  career  in  the 
garden  of  plants  as  Professor  of  the  Na- 
tural History  of  Vertebrate  Animals  ;  the 
duties  of  which  he  has  continued  to  fulfil 
with  unabated  zeal,  and  with  immense  ad- 
vantage to  that  important  part  of  the 
&r  a  period  of  forty  years.  La- 


g^nality  nnd  boldness  of  conception,  which 
have  thrown  a  new  light  over  this  inti>* 
cate  part  of  nature,  alttaoo^  the  norcitf 
and  singularity  of  some  of  his  residll  iMfV 
retarded  their  general  adoption. 

The  liberal  and  wdl-direeted  eneourage  - 
ment  of  the  French  govern  i  n  en  t  to  one  of 
the  most  expensive  departments  of  the 
studies  of  natmrey  and  the  great  subdtvision 
of  labour  among  its  cultivators  in  Fram^e, 
enabled  them  to  extend  rapidly  the  bound« 
aries  of  the  science  in  every  direction; 
and  notwithstanding  pecnliar  difficultiea 
from  their  limited  commercial  relation^, 
and  from  the  long-coutiuued  interruptions 
to  their  navigation  1^  their  contests  widi 
nations  commanding  the  sea,  it  is  to  them 
we  ow  c  almost  every  important  improve- 
ment in  comparative  anatomy,  and  we  are 
indebted  to  them  for  almost  all  our  ac- 
quaintance with  the  actual  and  the  past 
stale  of  the  soolog^r  of  tibe  globe. 

The  vast  zoological  nni-ouTH  of  Parity 
wliich  has  been  open  to  public  inapecticMt 
foe  a  hnnikvd  years,  and  l^e  immense  ool* 
lection  of  zootomic^il  preparations  which 
have  been  consttuitly  employed  in  teach- 
ing the  structure  of  animals,  by  a  succes- 
sion of  zealous  and  profound  anatomists, 
for  nearly  forty  years,  have  not  only 
spread  a  taste  for  these  pursuits  in  France, 
and  familiuiMd  tiiat  oountry  ^th  tbefar 
profounde«t  nrcann  as  n  branch  of  i^encral 
education,  but  they  afibrd  a  means  of 
compaiisoBy  a  powerful  instnuneat  of  ii 


mifiinin  a£       aa^  veMiflalftaA  ta  iMdlilBla  tiut  Meoersw  of  > 
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discovery,  eujoyed  by  no  other  country, 
and  which  ha^  mainly  contributed  to  their 
fgnat  superiority  in  this  deputment  over 
the  other  nations  of  Europe.  Almost 


sects  has  hocn  f»reatly  illustrated  by  the 
profound  leaearches  of  the  uufortunate 
Satiqny,  by  the  loo^-oontioued  lifaoon 

of  the  late  Latreit  i  k,  by  the  recent 


every  school  in  France  has  produced  its  splendid  puhhcation  ut  Straus-Durck- 
labouien  in  this  greet  fleldof  mquiry.  Tlic  |  hsim,  and  by  the  zealous  investigstions  of 

la^bnnrs  of  Cr^'TKR,  which  continued  un- |  AcDoriK,  EnWAnos,  and  other  zootomists 
abated  over  a  period  of  nearly  forty  years,  of  the  French  schooL   The  structure  of 


mi  more  then  thirty  volitmes,  end  embrace 

every  part  of  the  study  of  animated  nature. 
His  investigations  into  the  structure  of  the 

extinct  races  of  qua(h-u])c(l8,  which  occupy ;  experimental  inquiries  of 

■even  quarto  volumes,  have  alto;;ether  le-  Dutrochet,   Dks.moi mns, 


almost  every  class  of  enimels  has  heen  the 

snbje  t  (^f  cjsarate  and  minute  examina- 
tion amoug  the  zootomistt»  of  France.  The 

Maobndib, 

anrl  many 


formed  the  study  of  fossil  zoology,  and  af-  j  others,  have  lately  added  considerably  to 
fordthemost  splendid  illustrationwbichhas  I  our  knowledge  of  the  structure  and  phy- 
yet  appeared  of  the  utility  of  comparative  |  siolf^  of  the  lower  animals.  Adansox, 
anatoniv,  as  a]i])liod  to  tlx/ investigations  of  Fi'Rr.-^  Ar,  Desmarest,  Cloqukt,  Flou- 
the  K'^^ittij'isi.  Tlic  [jubiic  lectures  and  the  i  RENS,  DiiRUKiMS,  Giuard,  Somme,  La- 
numerous  writings  of  M.  Blainvillb  on  iMOoaotix,  IlAePAXiit  Qtrov,  Gaimard, 
comparative  anatomy  have  been  hif?hly  Rano,  and  many  other  of  their  country- 
beueficial  to  the  science,  and  the  energiei^ ,  aiun,  have  added  greatly  to  the  reputation 
of  his  ever  adave  mind  have  been  directed  I  of  the  French  school  hy  their  numevQius 
to  almost  every  part  of  the  study,  from  the  discoveries  and  vahtable  labours  in  com- 
mammalia  to  the  infusoria,  liis  system  of  j  parativc  anatomy.  Indeed,  the  science  is 
comparative  anatomy  which,  nafiMftunately  I  now  so  generally  cultivated  in  France,  and 
for  the  science,  is  still  uncompleted,  dis-  'owes  so  much  of  its  present  advancement 
plays  an  extensive  and  minute  acquaint-  [  to  the  zeal  and  learning  of  French  aiiato- 
ance  with  liie  organfasation  of  the  animal  [  mists,  that  v.  gi  eat  portion  of  our  time  in  this 
Ivingdnni,  and  his  materials  arc  disposed  ^  place  will  he  occu])ied  in  explaining  and 
in  a  luminous  and  philosophic  arrange- 1  illustrating  their  views  and  discoveries, 
ment.  Fbssil  ichthyology  is  greatly  in- !  Since  the  death  of  the  yenerable  La- 
dcbted  to  liim  for  his  \  aluable  labours  j  marc K,  about  four  years  ago,  at  the 
on  the  Ichthyolites  of  Monte  Bolca,  pre- 1  advanced  age  of  86  years,  M.  dk  Blain- 
served  in  the  Paris  Museum.  He  has  vit.lk  and  M.  de  Latreillk  had  been 
tlirown  a  new  light  on  the  stnicture  and  |  appointcil  professors  in  the  gardru  of 
coononiy  of  mnlhj^coiis  anitiiri^-.  both  re-  plants,  M.  de  Blain%'ILlk  was  appointed 
cent  and  fos>»il,  and  on  tlie  singular  class  !to  treat  of  the  organization  and  history  oi 
of  entozoa*  And  more  recently  bis  exten- '.  the  inarticulate  classes  of  invertebrate 
sive  labours  on  the  class  of  zoophvtos ! animals,  and  M.  fjATRKri.i.r.  those  of  the 


liave  added  many  improvements  iu  that 
department.  He' is  now  (1833)  appointed 
successor  t  -  Baron  Cuvier,  in  the  chair 
of  Conip.  Anat.  iu  the  Garden  of  Plants. 
The  immense  researches  of  Dn  Sbrkvs  on 
the  structure  and  development  of  the 
brain  and  nervous  fygtero  in  the  classes 
of  vertebrated  animals  are  one  of  the  most 
complete  aud  valua!)le  contrihutions  which 
have  for  a  long  time  been  made  to  the 
science.  They  form  a  striking  confirmation 
of  the  philoiiophical  views  of  GRorvaov 
on  the  unity  of  plan  in  the  organization  of 


Crustacea  aiachnoida  and  insects.  M. 
CuviRR,  during  the  summer  (1831),  sub- 
gtinitf  (!  M.  Fi.orRi.Ns  for  himself  in  the 
course  of  the  anatomy  of  the  vertebrate* 
M.  SB  Latrrillr  was  aided  in  his  first 
course  of  lectures  '1831':  hy  M.  Andocint. 
Gkopfaoy  Sr.-HiLAiaE  has  taken  the 
assistance  of  his  son  tsiooRR  G.  St.-Hi« 
i.AiKK.  The  recent  appointment  of  M.  ok 
Blainville  to  the  chair  of  comparative 
anatomy  in  the  Garden  of  Plants,  vacant 
by  the  death  of  Baron  Cl  vier,  will 
greatly  contribute  to  preserve  the  celebrity 


animals,  and  a  beautiful  illustration  of  the  I  of  the  French  school  of  comparative  ana- 
iitility  of  com]>arative  anatomy  as  ^»plicd  :  tomy,  and  give  a  strong  impulse  tO  those 
to  the  development  of  the  organs  of  the  [  philo<iophical  views  wliichare  sooqiiS|m- 
imnmri  iiody.  jcuouis  in  all  bis  writings. 

Notwithstanding  the  numerous  avoca-  j  Although  a  century  behind  our  eonti- 
tion?  oi"  M.  Di  MKRiT.,  as  chief  of  the  ana- ;  ncntal  neighbours  in  this  dcpartnient  of 
toniiuaUchoolof  Paris,  profes!«orof  zoology,  j  science,  no  country  in  Eurojje  ever  pos- 
and  keeper  of  the  museum  of  natural  his- 1  sessed  opportunities  of  cultivating  and 
tory,  his  nutacToaa  (htached  nicmoirsi  and ,  advancing  the  study  of  comparative  ana- 
liis  separate  works  have  illustrated  many  tomy  equal  to  those  so  long  enjoyed  by 
obscure  parts  of  the  structure  of  animals,  |  Great  Britain.  Her  powers  command  the 
particularly  of  fishes  and  insects.  The  fK  c  ui,  her  colonies  are  planted  in  every 
curious  and  compUcated  structure  of  in- i  portion  of  the  habitable  globe,  aud  th^ 
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skill  and  enterprise  of  her  navigators  and 
travellers  have  hnmenself  extended  the 
progress  of  geographical  discovery  in  both 
hemispheres.  TTie  great  savannas  of  the 
New  World,  aud  the  frozen  solitudes  of 
North  America,  have  been  explored.  The 
Arctic  seas  arc  annually  navigated  by 
fleets  of  Britisli  Nvhalcrs.  The  vast  soli- 
tudes of  New  Holland  and  Van  Diemen's 
Laiitl  have  been  often  traversed.  British 
armies  have  traversed  vast  regions  in  Asia 
hitherto  almoat  unknown.  The  worohbig 
sand^j  riTid  va\-nr;e  flcscrts  of  Africa  have 
often  been  deliberately  explored*  and  the 
icy  snramita  of  the  Cordilleras,  and  of  the 
Himalaya  mountains,  27,000  feet  above 
the  ocean,  have  proved  no  barriers  to  Bri- 
tMi  enterprise-  Our  countrymen  have 
circumnavigated  the  globe  times  without 
iimnber,  have  sought  dangers  in  every  part 
of  the  Atlantic  and  Pacific  oceans,  and, 
surrounded  with  mountains  and  fields  of 
ice  moving  like  ten)pe^:t«,  in  every  direc- 
tion through  the  Arctic  and  Antarctic  seas, 
they  have  boldly  stni^led  to  approach 
the  Poles. 

The  mineral  treasures  of  the  mo«t  dis- 
tant ooimtriea  have  been  collected  and 

examined,  and  the  floras  of  mo^t  rt  pious 
of  the  globe  have  been  carefully  investi- 
gated and  described.  The  ttodies  of  geo- 
logy and  mineralogy  have  lonu;  formed  n 

Sart  of  the  plan  of  educatiwi  in  all  our 
iritish  miiverritlee,  and  nnrnerons  socie- 
ties have  long  exiiited  in  all  parts  of  the 
kingdom  devoted  to  the  advancement  of 
these  pursuits.  Innncusc  advantage  to 
the  country  has  accnxed  from  tiie  encou- 
ragement given  to  these  branches  of 
natural  history,  by  the  di.scovery  of  its 
numerous  mijieral  riches,  by  the  improve- 
ment of  its  agriculture,  and  by  enabling  it 
annually  to  distribute  over  the  colonies 
men  well  qualified  to  extend  these  advan- 
tat^es.  The  active  exertion  ^  nn*l  published 
transactions  of  these  societies  have  also 
mainly  contributed  to  the  present  advanced 
state  of  geology  in  Europe.  The  study  of  the 
vegetable  kingdom,  one  of  the  most  inte- 
rcstingand  important  branches  of  physiical 
science,  comnieneed  its  career  as  merely 
subservient  to  Materia  Medica.  It  has 
gradually  risen  by  its  utility  and  attrac- 
tions to  the  rank  of  an  independent  and 
Axvourite  science  in  our  pu!  die  seminaries 
of  learning.  It  lias  proved  of  great  prac- 
tical utility  in  its  numerous  applications 
to  ac^riculture,  horticulture,  medicine,  do- 
mestic economy,  and  the  arts ;  and  it  is 
justly  regarded  as  an  essential  branch  in 
the  education  of  all  medical  men. 

The  animal  kingdom  is  that  to  which 
man  belongs,  and  aU  the  beings  which  like 
him  have  motion  and  feeling.  It  compre- 
hiMide  a  iprcater  number  of  kuowu  distinct 


kind  of  beings  than  the  other  two  king* 
doms  of  nature  taken  together.  More 
than  150,0M  of  its  epedes  are  kno^-n, 

and  all  these  are  more  nearly  allied  to 
man  than  are  the  beings  of  the  otiier  king- 
doms. They  contain  not  only  the  germs, 
but  the  «ucce?!«'tve  stages  of  the  develop- 
ment of  human  organization.  Their 
study,  however,  in  thSi  coimtry,  may  be 
considered  as  still  in  its  infancy.  Their 
nature  and  structure  and  properties  have 
been  lest  investigated,  nmnthevtilltyaiid 
applications  of  their  study  being  less 
known,  it  has  been  hitherto  only  admitted 
into  some  of  our  public  inttitntiona  as  a 
branch  of  natural  history,  combined  with 
one  or  both  of  the  other  more  popular 
departments,  themselves  already  too  great 
for  any  human  mind.  From  the  study  of 
the  animal  kingdom  being  thus  almost 
deprived  of  public  iiupport,  it  has  been 
neglected  by  those  who  had  moet  oppor* 
tnnities  of  advancing  its  pMgrett  at  home 
and  in  the  colonies. 

Attempts,  however,  have  frequently 
been  mnrlf^  in  this  country  by  ]nivatc  in- 
dividuals, to  i-aise  the  study  of  the  animal 
kingdom  to  an  eqaid  rank  with  that  of 
l)lants  and  minerals,  by  placing  it  on  a 
scicntitic  foundation,  and  by  pointing  out 
its  practical  applications.  As  a  branch  of 
anatomy,  the  study  of  the  animal  struc- 
ture is  intimately  connected  with  that  of 
the  human  body.  Both  Mowno  primne 
and  secundus,  at  the  conclusion  of  their 
courses  of  human  anatomy  in  the  Univer- 
sity of  Edinburgh,  gave  separate  lectures 
on  the  anatomy  of  domestic  animal^  and 
Monro  tertius,  at  the  commencement  of 
his  career,  followed  this  example  uf  his 
iUoAtrioue  »icettors.  The  earliest  aepa^ 
rate  publication  on  com|>arative  anatomy 
in  this  country,  was  an  essay  on  that  sub- 
ject, published  ftvHn  manuscript  notes 
taken  at  the  lectures  of  ^Ionro  primus 
in  1744.  The  gr^t  work  of  Monro  se- 
cundus, on  the  structure  of  fishes,  pnb- 
lishe  l  ill  irs"),  has  scarcely  been  equalled 
by  anything  which  yet  appeared  in  Britain 
in  this  department,  and  it  owes  much  of 
its  value  to  the  many  accurate  plates  ^vitll 
which  it  is  illustrated,  executed  by  the 
late  distinguished  anatomist  Mr.  Ftitk. 
The  lectures  of  Mr.  Pypk  on  human  ana- 
tomy, loop:  delivered  in  the  University  of 
Edinburgii,  were  illustrated  by  nunterous 
appeals  to  the  structure  of  the  lower  ani* 
mals,  which  he  had  ma  !e  a  ]>articular 
subject  of  study,  and  hin  v  aluable  Manual 
of  Comparative  Anatomy,  published  in 
HI.?,  was  lb  ■  first  original  work  of  the 
kind  which  had  appeared  in  our  language. 
A  small  part  only  m  the  lectures  on  com** 
parativo  niiitomy,  hy  the  latO  Dr.  Hax* 
wooil,  has  been  pubiished. 
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of  the  most  intricate  p&rts  of  the  animal 
ttconomy,  Mfid  (he  highly  interesting  views 
of  DAmwnr  Md  open  many  nev  paths  of 

curious  inquiry  in  the  application  of  cora- 
parative  anatomy  to  human  physiology. 
The  varied  and  usefiil  labours  of  the  late 
distinguished  Sir  E.  Homk,  whose  merits 
have  naturally  been  least  a]iprprmte<l  at 
home  where  they  were  least  uiidersttxxl, 
«MiliiiMdliMr  more  thatt  fbii^jnMs;  they 
have  been  a  principal  means  of  prescrvinc; 
a  taste  for  the  study  in  this  country,  and 
kavft  mainly  contributed  to  extend  the 
reputation  of  the  British  schnnl  of  ana- 
tomy; I'be  study  has  been  ako  mdebted 
to  tbo  hdNNW  cff  Prafew  Maoabtiist 

of  Dublin,  particularly  for  his  obscrva- 
tkms  on  the  structure  of  birds,  and  to  the 
dnrical  writings  of  Mr.  Lawsbwok.  The 
writings  of  Mr.  Ellis  on  zoophytes,  and 
of  Dr.  Leach  on  the  articulated  classes, 
are  known  to  all  Europe.  Many  inte- 
resting parts  of  this  subject  have  also  been 
illustrated  by  the  labours  of  Dr  Ft  kming. 
Dr.  J<m»80K,  Sir  ANTuoaiY  Cakxi^li^, 
Hr.  Ci.ivvi  Iff .  Yamuu^  Ur.  ll^lAftT» 

and  otbrrs. 

Besides  the  original  work  on  compara- 
tive anatomy  by  Mr.FTVB^impoMeMftiQ 
our  language,  several  elementary  trea- 
ties, translated  front  the  French  and  the 
Otm8R,wthMtofCvvias,  of  CABVt,aiid 
of  Blumenbach.  Bostock's  classical 
work  on  physiology  abounds  with  iitfe- 
resting  zootomical  Mifls.  Dr.  C^amik, 
of  IdiBbmrg1^  has  recently  published  a 
9e)»flmto  treatise,  which  forms  an  article 
in  the  new  edition  of  the  Encyclopedia 
Britannica.  The  beantifiA  investigations 
of  Sir  Charlbs  Bbll  on  the  nervous 
system  have  been  chiefly  conducted  oii 
the  \om»  animals,  and  the  tntw^stiag 
discoveries  of  Professor  Buckland,  as 
developed  in  his  R«hquuB  Deluviana:, 
Iwre  been  eiddly  mtdit  by-  Htm  applica'- 

tion  nf  ro!nparall«»  WtMHOgy  tO  gMlo- 

g^»i  inquiries. 
About  twenty  yem  ago»  munwoenAd 

attempts  were  made  by  the  patrnns  of  the 
University  of  Edinburgh  to  introduce  the 
late  Dr.  Barclay,  who  had  Mwnndated 
for  twenty  yean  materials  for  teaching 
this  science,  as  professor  of  comparative 
anatomy  lu  tiiat  great  medical  school,  and 
no  attempts  have  since  been  made  to  sop- 
])ly  this  deflcieney  m  the  o:roat  northern 
university.  In  1816  l>r.  iiARCLAY  com- 
meneed  pnlilic  lectures  on  comparative 
anatomy  at  Edinburgh,  which  he  con- 
timied  ki  Uie  summer  seasou  to  the  end 
of  MtvehMMo  mnm.  In  MM  (tholMt 
year  nf  his  lectures^  he  cntmstcd  mc  with 

the  part  of  hiti  Gotirse  wbich  rekted  to-thej 


anatomy  of  tte  invartebrated  classes  of 
wmili    Sr.  Habt  1m  giveu  wveni^ 

courses  of  lectures  on  this  suhject  in 
Dublin,  Br.  IIsiu.y  in  Bristol,  and  Dr. 
Seov&Mt  Ib  tiM  Antewnian  University 
of  Glasgow.  Annual  courses  of  a  few  lec> 
tores  on  some  select  parts  of  comparative 
anatomy  are  given  in  the  theatre  of  the 
Roynk  College  of  Snrgteons  of  London  W 
the  members  of  that  body,  and  these 
courses  have  successively  exercised  the 
talents  of  Mr.  ABEaKstBT,  Sir  B.  Houk, 
Sir  A.  Cooper,  Mr.  Lawhencf,  Sir  A. 
Caklisle,  Sir  C.  iisu,  Mr.  Grben,  and 
oAereariaent  UNMialt.  Mf.  Thomao 
Bell  has  also  given  separate  courses  of 
lectures  on  comparative  aaatom^  at  Guy's 
Hospital,  saH  Mr.  Sotrrn  has  gives  simi> 
lar  courses  at  St.  Thomas's  Hospital. 

Numerous  xootomical  collections  exist 
in  this  country,  although  they  are  scarcely^ 
ever  employed  in  teadting  the  subject. 
The  Barclayan  Mtisenm,  now  beloncingto 
the  Royal  College  of  Surgconj*  of  £din« 
burgh,  is  the  riclMt  fti  Smtland,  and  aa 
OHtfological  Museum,  containing  many 
valuable  skeletons,  as  of  the  dugong,  the 
walnu,  tile  Ibsstt  eft,  Hie  Mppopotamm^' 
the  camel,  has  been  rcfcnrly  formrd  in  the 
University  of  Edinburgh  by  the  exertions 
of  Professor  Jaiissow*  Tile  Hvnterloii 
Museum  of  Glasgow  contains  many  inte- 
r^ting  zootomical  fiffeparationa,  and  the 
ceUectfoti  of  the  Aitdenonieti  Intliliitfonia' 
increasing  by  the  labours  of  Dr.  ScouLRm. 
The  zootomical  part  of  the  Museum  of  the' 
Royal  Institution  of  Liverpool  has  been 
greatly  indebted  to  Professor  Trail,  of 
Edinhnrorh,  and  the  splendid  zoologicaf 
Mudeuiu  of  Manchester,  which  Alls  sevenr 
apartments,  oontaias  Mveval  interesting 
specimens  of  comparative  osteology,  both 
recent  and  fossil.  The  zootomical  part  of 
the  Wkneum  of  Dr.  Kteo,  at  Qxfinrd,  has 
been  much  extended  by  the  labours  of  Dr. 
OoLB,  and  several  zootomical  prqpara- 
tionB  are  preserved  in  the  Ashmolean  Mn- 

scum  of  the  same  citv,  which  contains  also 
the  collection  of  fossil  animals  formed  by 
Dr.  BoeKtAim.  The  Musemi  of  tiie  Col- 
lege of  Surgeons  of  Dublin,  though  defi- 
cient in  osteological  specimens,  contains 
many  dissected  zootomical  preparations  of 
great  beauty  and  value  pretarved  In  spirit. 
The  collection  of  Dr.  MACARTv^^r  in  Tri- 
nity College,  Dui»liu,  is  small  but  select, 
and  that  of  the  Park-street  Medical  School 
is  extending  by  the  labours  of  Dr.  Hart. 
The  Museum  of  the  Dublin  Royal  Society 
ooBtaine't^  soolDiiiieol  preparattom,  hv% 
po'-ie-^scs  the  most  cnmpletc  skeleton  of 
the  great  fossil  elk  which  has  been  hi- 
therti^  ftmiid. 

In  this  metropolis  thorn  m  e  many  inte^ 

^eating  pmaie  aootOQUscd  coUectioas,  bfi^' 
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sides,  those  aUached  to  the  bowitdis  and  &'actujre»  aud  luxa4ioiis,  ia  wkick  tb»  fi^ii^ 
medical  Bchools,  as  that  of  Mr.  Lamo*  menta  of  the  hone  project,  conaidonAfy, 
STAFF,  the  Muaeum  of  De  La  Fons»  '  externally,  and  offer  a  great  resiataiioe  to 
that  of  Mr.  Thomas  Bell,  and  of  Mr. '  our  efforts  at  reduction;  spina  vcntosa, 
Yarrkli,.  The  culiectiou  iu  this  L  uivcr-  '  or  ostco  saicouia  ad'ecting  the  centre  or 
tity  baa  been  formed  exprenly  &»  teach-  one  extremity  «f  a  bone;  axtiflcial  arti- 
ing  this  department,  and  owes  much  to  dilations,  the  consequorice  of  ununited 
iba  skill  aud  taste  of  the  pupils.  There  fi*acture8  j  finally,  conimmuted  Iractm'e  of 
cociata  also  a  rich  collection  of  apecaBWna  I  tiie  wtundar  aactrmitics,  produced  ^ 
in  Guy's  Hospital*  which  is  rapidly  extend- 1  gun-shots,  or  other  projcctilo?,  &c.  The 
ing  by  the  judicious  liberality  of  the  direc- 1  greater  paf  t  of  the  lesioos  which  I  hav« 
ton  of  fhat  vaat  catabUalmiettt.  That  of  just  emimefsted  baa  bean  pointad 
St.  Thomas's  Hospital  contains  many  beau- 1  to  you,  in  another  lecture,  as  indicafinif 


tiful  preparations,  made  by  Sir  A.  Coopea, 
and  vaa-foimerly  tued  in  tlie  lectorea  of 

Mr.  South  on  Comparative  Anatomy.  A 
small,  but  very  select  coUectinn,  exisluialso 
in  King's  College,  which  is  rapnlly  extend- 
iag^and  <flio  Zoological  Society  of  London 

has  commencofi  the  formation  of  a  Mu- 
seum of  Comparative  Anatomy  aud  Zoo 


amputation  of  the  limb ;  it  is  true,  in  fact, 
that  the  choice  which  the  anrgeon  bea 

make  between  amputation  and  resection,, 
depends  leas  on  the  nature  of  the  disease 
or  injury,  than  on  the  circumstances  by 
which  it  is  attended  i  the  extent  and  aavo* 
rity  of  tho  local  disorders,  the  manner  in 
w  hich  the  patient's  constitution  is  affecte<lv 


derable  nucleus  of  Nvhlch  was  formed  by 
the  latq  Ms.  JottM  Uvmtkb*  Thia  collec- 
tion, however,  Hke  most  of  tiioae  I  have 

mentioned,  is,  unfortunately  for  these  stu- 
dies Ln  this  countcy,  very  little  employed 
lu  communicatioi^  instruction  either  in 

ffiinipnyn*iT"t  iTTr*r"y '*t*'*'""*'  r**y'v^"Cry 
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be  useless  if  boft  aatieidav  i 

diseased,  if  the  affection  of  the  soft  ptirt  was- 
c<Mwtid«raW%  if  the  duratioa  of  the  diso 
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I'lUiviiicii  (bcfoie  irsiiol.itiij'.i  1<v  >>u   H  .raii  hiatMlf  iu  th« 
rawicwli  of  hit  "  Lbcoii*  Or*lcs  de  Cli<u«|tt«  Chirur* 


Tiogyy  which,  with  the  extnuwdiitary  oppor-  &c. ;  thus,  cariae  aflSscting  only  one  axti- 

tunities  they  enjoy,  may  he  expected  ulti- ,  cular  surface,  or  apophysis,  ^vill,  ceteris 
mately  to  equal  any  iu  £uro|pe.  The  most  paribus,  ret^uii  e  resection,  wiiilst  it  would 
extenrivo  and  uaenil  collection  of  zooto- 
mical  spcciTncns  in  the  British  dominions 
is  tbac  preserved  ia  the  Museum  of  the 

CoHege of  Snrgeme  of  London,  a  CMiai^  I^am,  or  alooir  «^  eopiona  anppgration, 

"  "  hiid  affected  the  patient's  constitution  to- 
any  considerable  extent.  Resection  wilk 
be  sufficient  for  the  reduction  of  a  com* 
minuted  fracture,  with  protrusion  of  the 
fragments  through  tho  wound,  and  will 
usually  be  attended  with  success;  but  thi* 
method  is  ineffectual,  and  will  not  prevanfe 
the  fatal  accidente  which  follow  fractures, 
when  the  tendons,  muscles,  nerves,  op 
veaiala,  haira  been  lacerated ;  in  a  word,  i» 
these  cases,  \vhich  I  have  in  a  fonner 
lecture  described  to  you  as  imperiously 
it'(|uiring  amputatioa,  it  ia  uariesa  to> 
coniprii\'  the  two  npcrntions  in  a  greater 
number  of  circumstances  j  the  duty  of  the 
surgeon  chiefly  Uea  in  deeidiag  whether 
the  operation  be  applicable  to  the  case 
before  him,  and  in  weighing  carefully  ita 
chances  of  success  bi  compared  with  am* 
putation.  As  to  the  lower  jaw,  every  ope- 
ration in  which  a  portion  of  this  hone  5» 
reni()\'ed  by  the  applicatiuu  o£  the  saw 

upon  tw*-  diflhrent  pointa^  1%  projpariy 

speaking,  a  resection;  however,  the  name 
is  more  particularly  applied  by  surgeons 
to  aa  operation  which  haa.  far  ha  object 
the  removal  of  the  broken  extremities  ii* 
cases  of  fractur<^  in  order  to  obtain  their 
rennfon,  if  ^e  teotnxe  he  reeen*;— to 
cite  nn  a^'tion  necessary  to  the  fnnnRtinn 
of  callu8»  if  the  fracture  be  old.  It  ie 
(HfieoM  to  ealaliliih  any  method  of  reae» 
tion  of  the  lower  jaw  which  %vill  be 
applicable  to  the  generality  of  cases  requir- 
ing this  operation;  it  apnat  necetnarily 
vaiy  aceoidio9  to  •»  gMiltiMieif  af  d»* 


ON  RESECTIOX  OV  THE  LOWER  JAW. 
MtmUnnqf  the  inferior  Maxillary  Bone. 

Bkporb  we  speak.  Gentlemen,  of  re- 
section of  the  lower  jaw-bone,  it  may  not 
be  amiaa  to  lay  iMfore  yon  aome  considera- 
tions on  resection  of  hones  in'genei-aL  The 
ca^es  iu  which  we  hud  ourselves  compelled 
to  cut  away  more  or  Jess  of  the  body  or 
articular  extrenuty  of  a  houe,  while  we 
preserve  the  limb,  are  those  of  aa  old 
sanies,  which  we  cannot  anett.^  deep- 
seated  necrosis,  dcstro}'ing  a  great  part,  or 
the  ^Kliok  thteHnwy  ^  lyut^j^^et^ea^i 
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BARON  DUPUYTREN  ON  THE  RESECTION  OF 


H^mrlmi  dfibden  rtptcting  tAe  Reudhn 
Cate. 

Surgeons  have  long  entertained  an 
opinion  which  is  very  injurious,  with 

regard  to  the  resection  of  bones  in  cases 
of  ununited   fracture.    They  imagined 


to  come  to  Fuit  to  teek  some  fcSef  for 

his  inflrniitj';  at  that  time  hi-?  5?^nte  ;vns 
as  follows:— Of  the  two  fragments,  the 
posterior,  formed  by  the  remnsnt  of  the 
ramus,  had  the  form  of  an  elongated  flat 
c  one ;  it  had  executed  a  slight  movcmeut 
of  rotation  from  without  iniwards,  so  that 


it  was  absolutely  necessary  to  cut  out  its  upper  edge^  instead  of  regarding  the 
both  fragments  of  the  bono  before  a  molar  teeth,  was  directed  towards  the 
solid  callus  could  be  laid  downj  hence  i  tongue  j  at  the  same  time  it  was  strongly 
tiiejr  avoided  this  operation  in  a  great  I  drawn  forward  from  the  anterior  frag- 

nuiTibcr  of  cr'.yf'i  whvn  this  double  rescc- '  ment,  and  lay  in  the  substance  of  the 


tion  was  cxtreuieiy  difficult,  if  not  impos 
aible:  thus,  for  example*  they  rarely  nad 

rcc:o\in;r  tn  H  in  fi-actures  of  the  femur, 
where  frequently  the  fragments  ride  upon 
one  another;  the  upper  portion  is  the 
only  one  which  can  generally  be  got  at 


cheek  J  it  inclined  obiitjucly  from  above 
downwards,  supporting Mie  wise  tooth,  the 

crown  of  which  was  c\ces?ively  inelincj 
also.  In  front  of  this  tooth  a  sharp  point, 
beneath  which  nothing  could  be  felt,  indi- 
cated th.-i^  a  part  of  the   ilvn  Ir.r  arch, 


with  fecihty,  while  the  inferior  fragment,  l  nearly  an  incii  in  length,  was  continuous 
carried  baclcwards  and  inwards,  is  too  { with  the  frngtnent,  hut  that  all  beneath 

deep-seated  to  be  exposed  by  an  incision  this  edge,  between  it  and  the  angle  of  the 
in  this  direction,  while  the  presence  of  [jaw,  had  been  destroyed.   The  anterior 


important  vessels  prevents  any  operation 
on  the  inner  side  of  the  limb.    I  am  in 
clincd  to  regard  this  opinion  as  altogether 


fi  agujcnt,  formed  by  what  remidned  of  the 
jaw,  was  so  considerably  displaced,  that 
its  extremity,  crrrcsjmnding  to  the  frac 


wrong,  and  hold  that  the  resection  of  one  [  tnrcd  point,  v  as  carried  to  the  right,  and 
fragment  is  sutficient  to  obtain  tlic  con- '  bcjieath  the  point,  <rf  the  other  fragment, 
solidation  of  both ;  at  least  two  case;*,  in  '  Wlu  n  the  finger  was  brought  along  the 
which  I  employed  this  practice,  turned  ;  base  of  the  jaw  as  far  as  the  cicatrbc  which 
out  successfully.  -Ilie  first*  was  that  of  a  (had  been  formed  on  the  right  side  of  the 
feninlc,  ^^  ho  had  for  eighteen  months  an  '  face,  the  projection  of  thepointof  the  ante- 
ununited  iractnrc  of  the  thigh;  we  ex- 1  rior  fragment  was  easily  felt,  and,  beneath 
posed  the  superior  fragment  by  an  inci«4on '  the  ]>rominenee,  the  cavity  resulting  from 
on  the  oftter  side  of  the  limb,  cut  off  the !  the  loss  of  ^n^stance.  Thi^  ])nint  of  the 
projecting  portion  of  lione,  reduced  the  fragment,  to  judge  from  the  interval  which 


fracture,  and  were  fortunate  enough  to 

obtain  c  (viM)Iirlatioj.  in  about  two  months. 
Tlie  subject  of  the  second  observation  was 
n  }  onng  Russian  officer,  who  was  stmcic 


sei>aratcei  its  extremity  from  the  second 

molar  tooth,  wa-  i  u  lyan  inch  lonc^,  and 
was  formed  by  that  part  of  the  bone  of 
the  jaw  which  had  Ruppot  ted  the  two  ftrst 


in  1814  by  a  ball,  which  traversed  the i great  molar  teeth;  however,  when  the 
upper  part  of  the  neck  and  the  face,  pass- '  state  of  tlie  parts  was  examined  in  thr  in* 
ing  from  left  to  right  ohli(piely  upward,  j  tcrior  of  ti»e  mouth,  the  overlopiJing  of 
The  entrance  of  the  ball  took' place,  on  !  the  bones  was  such,  that  the  loss  of  snb- 
the  left  side,  imnicfltntily  below  the  base  [stance  was  barely  perceptible ;  the  second 
and  angle  of  the  jaw,  ciojic  to  the  external  small  grinder  of  the  anterior  fruijnieut 
carotid  artery,  and  aliove  the  os  hx  oides ;  |  nearly  touched  the  wise  tooth  of  the  pos« 
tbe  ball  passed  out  on  the  opposite  side  ill  '  tfiior  one;  the  right  br^lf  nf  the  lower 
front  of  the  iu^tion  of  the  masseter  inus- 1  dental  arch  appeared  considerably  shorter 
l  ie,  passing  through  the  lione,  and  breale-  tiian  the  left  moiety,  and  hence  arose  such 
ing  off  the  ramus  from  it<  b  -Iy,  winch  it  a  want  of  correspondence  between  the 


comminuted :  the  wounded  nuin  lost  a 
great  deal  of  blood ;  at  the  commencement. 


two  dental  arches,  that  they  preserved 
their  natural  relation  only  in  a  sin^e 


deglutition  and  respiration  were  diflicult;  [mint;  the  left  lower  incisor  touched  rli 
after  the  eschars  were  dctachcil,  an  abuu-  j  middle  incisor  of  the  up^ier  jaw,  but  when 
dant  suppuration  set  In ;  and,  finally,  after  I  the  left  portion  of  the  jaw  was  seized  hc- 

hi\  nionrlis  trcatniejjt,  and  tlie  extraction  .  twecn  the  index-finger  nnt]  thumb,  and 

reduced  to  its  natural  position,  an  interval 
of  about  an  inch  was  found  between  the 
wise  tooth  and  the  nearest  one  to  it.  You 

can  conceive  how  articidation  and  masti- 


of  a  great  number  of  splinters,  the  external 
wounds  closed,  though  the  fracture  was 
not  consolidated.  To  judge  by  the  quan- 
tity of  splinters  which  ratne  away,  we 
WOulil  say  nearly  an  inch  of  the  bone  had  i  cation  unul  have  been  impeded  by  such  a 
lieen  destroyed.  M.  dc  R.  followed  the  I  state  of  things,  both  on  account  of  the 
Rus?<ian  army  in  it  •>  retreat  from  France, !  want  of  relation  between  the  dental  arches 
returned  with  it  again  in  1815,  and  it  was  j  from  the  isolate<l  movements  of  the  frag- 
aol  mtil  1018  tbftt  he  reo«t?ed  peraMm  imeiits^  md  from  the  utakneio  of  the  mo* 
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LECTURE  II. 

ON  TU£  OBJ£CTS  OF  COMPARATIVE 
ANATOMY,  AND  ITS  APPLICATIONS  TO 
OTUBR  BRANCHES  OF  KNOWLEDGE. 

Gektlemen, — Having  uow  given  you 
a  general  outline  of  the  rise  and  progress 
€f  this  departmoit  of  knowledge,  I  pro- 


When  we  examine  the  internal  roecha- 
iti^ra  of  nnininl--  throughout  the  whole  ot 
tiie  uuisiotis  oi  a  class,  we  are  struck 
wilh  the  similarity  of  the  general  plan 
upon  which  they  have  been  coiv  tmrtcd 
in  all  their  apparatus  for  self-preservation, 
and  tiheconnnmuioe  of  thence.  Bjroom* 
paring  the  organization  of  or  r  d  iss  with 
that  of  another  lielongiug  to  the  same 
great  subtdng^kmi,  we  perceive  only  slight 
modifications  of  the  same  })lan  ;  and  by 
continuing  the  comparisons,  and  extend- 
ing them  through  all  the  great  divisions 
of  the  animal  kingdom,  from  the  highest 
to  the  lowest,  we  observe  the  gradual  dis- 
appearance of  whole  systems  of  organs, 
hat  in  thoee  which  remain  we  distinctly 
perceive  the  tntdimeikte-^of  the  seme  pUu 
ot  formation.  ' 

The  osseous  system,  particnkrly  in  the 
lower  forms  of  animals,  is  remarkable  for 
its  inconstancy  and  its  variety.  The  mus- 
cular and  the  nenroas  syttems  are  nearly 
simultaneous  in  the  ir  ongin,  an'l  h\  rlif 
march  of  their  development  in  the  greafi 
body  of  flie  animal  kingdom.  The  yai« 
cular  and  the  respiratory  systems  are  gra- 
dually simplified  and  lottt  as  we  desceuti^ 
and  the  digestive  organs  are  those  which 
t an  be  traced  throu^rh  all  varieties  -of 
The  beautiful  invest i- 


pose,  during  the  present  hour,  to  direct 
your  attention  to  some  of  the  more  imme-  animal  existence. 

lyate  objects  and  applications  of  oompa-  j  gations  Mid  discoveries  of  modern  bota- 
rative  anatomy.  Those  I  j^hall  illustrate  nists  have  shown  a  like  simplicity  and 
by  the  specimens  which  are  now  before  us.  unity  of  plan  to  pervarle  the  vegretahle 
The  object  of  this  study  is  to  make  us  kmgdom,  and  have  pointed  out  a  striking 
acquainted  with  the  internal  mechanism  |  similarity  in  the  phenomena  presented  byv 


of  all  kinds  of  animals.  Nothing  can  be 
more  gratifying  to  a  carious  and  inqui- 
sitive mind,  than  to  become  acquainted 
with  the  interzial  structure  of  those  beings, 
with  the  forms  and  movements  tX.  which 
we  are  so  conversant,  and  are  forced  to 
become  so  familiar  by  continual  observa- 
tion. The  mind,  indeed,  is  invohmtaiily 
excited  to  tbi^  inquiiy,  by  a  natural  desire 
to  discover  the  causes  of  all  the  pheno- 
mena of  nature.  We  do  not  rest  satisfied 
with  contemplating  the  movements  of  tli 
various  animals,  but  feel  instinctively  im- 
pelled to  trace  the  connexion  which  may 
be  discovered  to  exist  between  those  move* 
mcnts  and  the  internal  structure. 


both  kingdoms  of  organised  bodies  tlurinc: 
the  earlier  stages  of  their  development. 
So  that  we  begin  to  discover  the  opera- 
tion of  the  same  simple  and  uniform  laws 
throughout  all  organised  nature,  from  tho 
first  development  of  the  lowest  vegetable 
form  to  the  lord  of  the  creation. 

In  studying  the  organs  of  support,  or 
the  slceletoos  of  the  vuions  forms  of  ani- 
mals, wc  not  only  examine  the  composi- 
tion of  the  vai'ious  earthy  substances 
wliichtend  to  form  the  solid  framework- 
of  the  body,  which  ^i^  PS  support,  fimn, 
and  protection,  to  the  geneitUi  mass,  and 
to  all  the  soft  parts,  but  we  examine  the^ 
analogies  which  exist  between  the  diliiBr* 
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ent  oonditiont  of  the  tkeleton  !n  the  vari- 
ous classes  of  inferior  animals,  aiid  the 
conditions  presented  by  t^^At  system  in 
our  own  hQtly  during  the  sncceBsive  stages 
of  its  development.    The  same  earthy  ma- 
terials are  not  employ^  to  consolidate  the 
skeleton  in  all  forms  of  animal«.  In  the 
lowest  tribes  of  animals,  we  observe  the 
same  earths  employed  to  give  form  and 
stability  to  the  mass  which  arc  so  abun- 
daatly  secreted  by  the  vegetable  king- 
dom— silica  nnd  lime.    Intmmpmble  ani- 
mals which  secrete  no  caitliy  matter, 
exude  an  adhesive  albuminous  substance 
from  their  smfare,  which,  by  aggliitinating 
extraneous  particles,  forms  tubes  to  pro- 
tect their  body.  Those  spongy  poripherous 
animals  which  appear  so  soft  and  downy, 
and  hold  almost  a  doubtful  place  between  the 
vegetable  and  the  animal  kingdoms,  have 
their  skeleton  consolidated  neither  by  the 
phosphate,  the  carbonate,  noi  the  oxalate 
of  fime»  hut  hy  the  hardest  and  feast  soltt- 
ble,  though  the  jnost  abnndant  of  earths, 
silica.   Their  skeleton,  like  the  embryo 
condition  of  the  skeleton  in  the  highest 
animals  and  man  himself,  is  composed  of 
extremely  Tninute  det;itdied   ppicala  dif- 
fused through  a  lhaier  cartilaginous  tia- 
sue  wliich  permeates  all  parts  of  the  body. 
These  spicida,  whiih  arc  here  siliceous, 
serve,  by  their  grouping  into  fasciculi, 
and  these  fasciculi  into  continuous  fila- 
ments, lo  give  form  to  all  the  interna! 
passages,  and  the  whole  outward  form  of 
the  body.   Some  of  ^ese  animals,  how- 
ever, Nve  shall  find  have  tluir  skeleton 
composed  of  minute  detached  spicula  of 
tiie  carbonate  of  Ihne,  and  others  spicula 
of  a  homy  texture.    Tli  o3e  of  the  car- 
l)ouate  of  lime  occur  also  abundantly  dif- 
fhsed  through  the  fleshy  substance  of  soo- 
phytes  or  polypipberous  animals,  as  in  the 
^cshy  crust  of  this  goi^onia,  and  in  the 
substance  of  this  lobularia.  But  the  great 
mass  of  the  skeUtc n  la  these  various 
forms  of  rnrab,  and  m  the  radiated  elnsses 
of  animals  gciierally,  is  cotnposeci  of  the 
Otthonate  of  lime,  with  a  small  portion  of 
the  phosphate.    The  phosidiatc,  however, 
occurs  in  larger  proportion  in  the  articu- 
lated classes  than  in  the  Mdiated,  though 
accompanied  by  the  same  cnrhonnte.  In 
insects,  indeed,  we  find  the  woody  sub- 
■tance  terme<l  by  the  V^ch  dfaemists 
ehittne,  which  composes  nearly  the  whole 
mass  of  their  elytra,  and  of  the  rings  and 
tabular  sheaths  which  encompass  their 

soft  parts,  to  hi-  cnnsolidatL  t\  onlv  by  the 
phosphate  of  lime,  thus  presenting  another 
aflinity  to  the  vertebrated  classes  of  ani- 
iiial^'.  In  the  massive  exterior,  testaceous 
permanent  coverings  of  the  molluscous 
^ann^tf  animals,  and  in  the  more  deli- 
Gate  Intern^  umittae  which  tomettmes 


protect  their  moet  important  viscera,  we 

discover  only  the  carbonate  of  limr,  the 
same  earth  which  we  lind  so  extensively 
spread  over  the  surface  of  this  planet, 
forming  whole  chains  of  mountains  in  the 
form  of  limestQne.  So  that,  without  founds 
ing  any  sjieculations  on  the  fact,  we  find 
the  lowest  forms  of  animals  busied  in  pre- 
cipitating by  their  vital  powers,  to  form 
their  solid  framework,  principally  silica 
and  carbonate  of  lime,  .which  are  common 
ingredients  in  the  solid  crust  of  the  earth. 

As  we  rise,  however,  through  the  verte- 
brated animals  to  man,  wa  find  die  phos- 
phate of  lime  to  increase  i-i  quantity,  as  a 
consolidating  material  oi  the  skeleton.  It 
is  curious  to  Observe  the  different  condi- 
tions presented  by  this  internal  articulated 
skeleton,  which  is  so  characteristic  of  that 
great  division  of  the  anirinal  kingdom  to 
which  man  belongs.  We  observe  that  in 
the  lowest  fishes  the  skeleton  is  of  a  soft, 
transparent,  cartilaginotts  testture ;  tliat  in 
that  class  it  gradually  hccomes  more  and 
more  consolidated  by  the  deposition  of  the 
pliosphate  of  lime,  in  fibres  or  spicula, 
which  is  greater  in  proportion  m  the 
osseous  fishes;  that  its  quantity  is  stUl 
greater  in  the  amphibia,  and  greater  again 
in  the  reptiles.  It  is  in  very  lai^e  profior- 
tion  in  the  dense  skeletons  (though  light 
and  compact  in  tin  ir  texture;  of  birds : 
and  in  the  massive  skeleton  of  quadrupeds 
it  enters  as  a  very  abundant  ingredient. 

it  is  interesting  to  (he  student  of  ana- 
tomy to  trace  the  reeemhlanoe  which  can 
thus  be  seen  between  these  conditions  of 
the  skeleton,  as  prominent  forms,  and  the 
conditions  of  the  human  skeleton,  beoom> 
ing  gradually  consolidated  from  the  fuetal 
state  upwards,  to  the  adult  condition,  it 
is,  as  you  ellknosi^atfirstaluNBOgeiiaons, 
soft,  gelatinous  mass.  As  it  becomes  con- 
solidated, this  gelatinous  mass  assumes  a 
firmer  texture.  Pho8|>bateof  limel>ecomes 
deposited  in  its  interior  at  fixed  and  deter- 
minate points,  constituting  ttie  oenliesof 
ossification. 

Now  these  cenlMioloeslication  consti- 
tute, with  the  comparative  anatomist,  for 
the  most  part  so  many  distinct  bones  or 
elements  of  the  skefeten,  which  in  the 
cold-blooded  classes  never  unite.  This  is 
important  to  the  comparative  anatomist  in 
deciphering  the  comptac  stmotara  of  the 
beads  of  fishes  and  of  reprile",  where  the 
centres  of  ossification  seldom  unite.  The 
young  anatomist,  direeflnjp  hit  atlentkNi 
to  the  osteology  of  the  head  of  the  cold- 
blooded classes  of  animals^  would  be  per- 
plexed  by  the  multiplicity  of  honet  whJdi 
present  themselves,  were  he  not  aware 
tliat  there  is  a  remarkable  corresjjondcnco 
between  the  separate  bones  which  com- 

poee  the  heads  of  thoee  «^>blooded  aaU 
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mals  and  the  centres  of  osdfi(»tion  of  the 
head  in  the  hot-blooded  classes  nnd  in  man, ' 
and  thus  vfQ  perceive  the  plan  is  every-> 
wbere  the  inne. 

•  When,  however,  we  consi{1cr  the  skele- 
tons of  animals  in  another  point  of  view  i 
In  reladon  to  the  remahu  which  are  found  i 
in  the  iiitenur  of  the  earth  (the  only  rem- 
nants left  us  of  vast  tribes  of  beings  that 
once  existed  on  the  surface  of  the  earth), 
^ve  find  tliat  the  study  of  the  recent  ani- 
mals is  of  great  importance  as  a  key  to  the 
ilccijiheriug  of  those  remains.  By  becom- 
ing acquainted  w  ith  Ihe  cshanges  which  the 
blu  lls  of  the  molluscous  ?i!iinials,  as  of  the 
cypruiL,  thcpterocera,i5ii  umbus,  auUmaiiy 
Others,  undergo  during  their  development, 
we  see  that  forms  the  most  dissimilar  have 
yet  belonged  to  the  same  animal,  and  that 
tbto  diversily  ^f  form  is  produced  hy  cer- 
tain changes  which  take  place  at  their 
free  margins  in  the  adult  state.  And  were 
the  geologist  or  the  conchologist  not  aware 
qf  those  changes,  he  might  be  iiuluced  to 
consider  t,bose  v9,ijioui>  forms  of  the  cover- 
ings of  the  tame  molluaeotts  animals,  as 
not  only  l)elonging  to  different  species,  but 
even  to  e^tii^ely  diAereiit  geneny  of  f^i- 
wials.  ■' 

In  considering  the  important  theories 
which  are  founded  by  the  [jjcologi^t  on  the 
identity  of  fossil  remains  in  strata  of  dif- 
ferent eras  or  of  remote  latitudes,  vc  find 
(be  importance  of  attendiii!;  to  these  mi- 
nutiije  of  the  bkeicton.  Comparative  aua- 
^my  and  geologjr  owe  much  tu  the  re- 
searches of  our  countr}'mcn  into  the  re- 
mains of  the  reptiles  which  are  found  iu 
the  older  aeeondaiy  rocks.  The  inves- 
tigations of  those  Individnals  have  pointed 
out  not  only  forqis  with  which  wc  were 
previoiialy  entirely  unacquainted, — ^forms 
which  present  combinations  of  organs  no 
longer  ibund  united  in  any  existing  race  of 
animals,  but  they  have  pointed  out  many 
connecting  links  which  appear  to  he  want- 
ing in  the  chain  of  existing  beings.  We 
are  all  familiar  with  the  interesting  facts 
%hich  have  been  discovered  reguding  the 
ancient  zoology  of  Europe,  and  pai  ticu- 
larly  of  our  own  country.  By  carefully 
hivestigating  the  bones  found  in  dUttvial 
caves,  it  has  been  shown  that  numerous 
lai'ge  quadrupeds,  now  confmcd  to  wanner 
parte  of  the  globe,  kboonded  ht  the  forests 
of  our  own  latitudes. 

A  more  careful  study  of  comparative 
osteol  jyy  has  corrected  many  of  ^e  er- 
roneoua  vicws  entertained  by  the  older 
naturalists.  The  bones  of  the  elephant 
have  been  mistaken  Ibr  those  of  antedl 
luWan  giants.  The  ribs  of  large  tortoises, 
w  ith  their  serrated  sutures,  have  been  mis 
taken  for  fragments  of  enormous  human 
dcidliy  find  ^en  the  TerUhnl  colvnm  of 


an  extinct  salamander  hM  ^een  awsril^ 

k)  a  giantofour  s])ccic?. 

There  is  a  reason  for  every  variety  in 
the  form'  and'  position  of  the  ekeleton  of 

animals.  Tt  generally  placed  as  a  solid 
shield  on  the  surface  of  invertebratcd 
•nfanale  firom  the  imperfect  development 
of  their  nervous  system,  and  their  organs 
of  the  senses,  rrom  the  imperfect  de- 
velopment of  these,  they  are  unable  to 
protect  themselves  by  means  of  the  delicate 
org^ans  of  relation,  wliich  are  so  highly  de- 
veloped in  tlie  more  elevated  forms  ol  the 
vertebrated  animals.  The  exterrar  ahettl 
constitute  a  shield  by  wliich  they  are  pro- 
tected from  external  injiuies,  and  are  en- 
abled to  fulfil  the  purpose,  for  a  limited 
time,  for  which  thry  were  formed.  They 
arc  without  that  high  development  of  the  * 
intellectual  organs  and  of  the  organs  of 
the  senses,  which  fonn  the  protection  of 
the  vertebrated  dasseai.  The  high  de- 
velopment of  'the  brain,  of  the  epino* 
cerebral  axis,  of  the  nervous  system,  of 
the  organs  of  the  senses*  and  of  the  dcin, 
in  the  highest  forms  of  the  vertebrated 
classes,  fonn  so  intimate  a  connexion  be- 
tween them  and  surroimding  nature,  that 
they  are  made  aware  of  dangers  before 
they  approach.  Their  solid  framework  is, 
therefore,  enclosed  %\'ithin  the  body,  and 
the  softer  organs  which  move  it  are  placed 
on  the  exterior.  Their  shield  does  not 
consist  of  shells  to  cover  them  like  the  in- 
ferior tribes,  but  those  delicate  organs 
by  which  their  relatioM  are  rendered  so 
intimate  with  surronn^Tir.-^'  TKinire. 

When  we  examine  the  skeleton  of  the 
lowest  forms  of  the  vertebrated  animals, 
we  sec  that  the  texture  is  of  a  coarse  and 
fibrous  structure  i  that  the  fibres  arc  more 
and  more  separated  as  we  descend  in  the 
vertebrated  classes,  that  the  fibrous  tex- 
ture is  thus  visible  and  coarse  in  fishes,  l|i 
reptiles,  and  even  in  the  lowest  of  the 
roammalia^ — the  cetaceous  animals;  that, 
as  we  ascend,  the  texture  becomes  moro 
and  moro  compact,  more  dense,  the  fibres 
more  neorly  Rpprosdmated,  the  texture 
more  compact  and  homogeneous.  This  is 
dependent  chiefly  upon  the  extent  of  re- 
qnrBtion,  the  higher  degree  of  develop- 
ment, and  the  higher  dfi^jree  of  tempen- 
tare  of  the  body. 

It  Is  heaatiral  to  observe  the  perfect 
adaptation  of  the  forms  of  the  skeleton, 
and  of  its  condidon^  to  the  particular  cir- 
cimistsnees  of  each  tribe  or  anfmala.  In 
fishes  it  consists  chiefly  of  an  r1i?tic  ver- 
tebral column  to  strike  the  dense  medium 
in  whllsh  they  swim.  In  serpents,  it  con- 
sists of  a  chain  of  small  but  t  ti  oi  i;-  bones, 
to  give  mobility  and  strength  for  their 
creeping  and  leaping  movements.  It 
forms  a  strong  arched  ^covering  1ft  ftuitas 
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toise,  exposed  to  the  trampUng  of  the 
large  herbivorous  quadriipedi,  mud  a  flat 

covering  in  the  turtle,  to  cut  more  easily 
the  liquid  clement  in  wliich  it  resides. 
general  form  far  the  existing  and  extinct 
loricated  saurian  reptiles,  the  tridpoles  of 
amphibia,  and  the  cetaceous  mammalia, 
whidi,  like  fishes,  inhabit  a  liquid  element, 
is  singularly  approximated  to  that  of  fishes 
"Without  deviating  from  the  fundamental 
plans  peculiar  to  each  of  these  classes. 
Indeed  the  plan  of  the  structure  of  every 
part  is  ])rrsprvrfl  with  remarkable  con- 
Htancy  anud^t  all  the  varieties  of  its  out« 
"Ward  form.  We  easily  recognise  the  ele- 
ments of  the  human  hand  in  the  solid  foot 
et  the  zebra,  tlie  i)illars  uf  the  elephant, 
the  burrowing  instnimcnt  of  the  mole,  the 
wing  of  the  bat  or  the  bird,  and  in  the  fin 
of  the  whale,  the  turtle,  or  the  fish. 

The  fibrous  texture  of  the  skeleton 
which  is  so  loose  in  fishes  nnd  reptiles, 
and  in  the  gigantic  celacea,  and  in  the 
eari^  oondidon  of  the  skeleton  of  map, 

and  of  the  animals  wliich  cotnr  t-  i  arrst  to 
him,  arrives  at  its  maximum  of  density  in 
the  class  of  birds,  vrhere  the  bones  are  air- 
tubes  communicating  with  the  lungs,  and 
serve,  during  their  rapid  descent  upon 
their  prey,  as  condensing  sjTinges  for  the 
atmospheric  air,  with  which  their  bodies 
are  filled  like  a  balloon.  This  great  dc- 
velopuiciit  of  tlie  rtspiratoiy  system  c.v- 
tends  not  merely  through  the  lungs,  but 
through  the  cells  of  the  abdomen,  through 
the  cells  in  the  surface  of  the  trunk,  in 
fb^neck,  under  the  axilla,  and  even  into 
the  rnvities  of  the  bones,  so  that  the  blood 
oi  ilMU'  systemic  vessels  is  aerated  by  the 
fllmotpliere  as  well  as  the  blood  of  their 
pulmonary  arteries.  This  is  an  import- 
jmt  part  of  the  organization  of  that  class, 
and  ft  is  beautifallyoonnected wiHi  all  their 
firing  habits  and  functions.  It  develops 
tiMir  hair  to  feathers  for  motion.  It  gives 
ft  high  temjperattire  to  their  blood,  which  is 
Oeces>sia.ry  for  incubating  the  egg.  Tt  gives 
vigour  of  contraction  to  their  muscular 
system*  which  enables  them  to  remain  long 
upon  thia  mngt  to  repeat  often  the  most 
^•iolfnt  nin«rular  exertions,  to  pass  over 
^Wit  Liacks  uf  the  globe,  over  mountains, 
iMftd  kingdoms,  and  the  ocean.  This  they 
iBfe(srced  to  do  in  quest  of  food,  and  from 
lihe  .changes  ol  the  reasons.  So,  when  we 
^eacandne  the  peculiarities  of  the  skeleton 
Jb  every  other  tribe  of  animals,  we  find 
tjUat  those  peculiarities  have  an  immediate 
fclation  to  the  circumstances  In  which 
Aose  animals  are  placed  by  nnturc. 

The  study  of  the  organs  ot  connexion  in 
■Pioaals  by  which  the  parts  of  the  skele- 
ton,  when  it  is  composed  of  several  pieces, 
Are  beld  together,  is  not  without  interest. 
Ve>  fiiere-  petown        tbe-  liyaiiieBti 


which  in  the  highest  forms  of  animals 
serve  to  connect  the  bones  together,  to 

limit  the  extent,  and  direct  the  motions  of 
parts,  serve  in  the  lowest  forms  ot  animals, 
not  only  this  purpose,  but  by  tiiefar  pro* 
pcrty  of  elasticity  they  contribute  to  the 
motions  of  respiration  and  of  the  body.  In 
the  conchlpherous  animals  those  organs 
serve  to  open  the  valves,  and  thus  permit 
the  water  to  enter  for  respiration^  or  impel 
the  animal  backwards. 

The  study  of  the  muscular  apparatus  of 
animals,  the  active  uxgua  by  which  tbey 
arc  moved  to  and  fro  on  the  earth,  and  by 
J  which  every  internal  and  external  move- 
I  ment  of  their  body  is  effected.  Is  not  less 

interesting  to  the  nnntoniist  and  physio- 
logist, than  it  is  to  the  natural  philosopher, 
the  statuary,  and  the  painter.  An  ac* 
quaintance  w  ith  this  system  affords  a  key 
to  the  most  striking  and  apparently  inex> 
plicable  phenomena  and  living  habits  of 
animals — as  the  flight  of  insects,  reptiles, 
birds,  and  many  quadrupeds,  and  even 
fishes  through  the  liquid  air ;  the  feats  of 
strength  displayed  by  many  animals  in 
bountling  over  the  surface  of  the  earth  ; 
or  the  immense  velocity  with  which  many 
marine  animals  plough  the  dense  alijm 
through  which  they  move.  The  statuary 
and  the  painter,  and  all  who  study  philo- 
sophically the  true  characters  of  living 
animals,  and  the  shades  and  \  arieties  of 
expression  presented  by  animated  nature, 
must  be  interested  In  all  that  relateB  to 
their  muscular  system,  or  those  active 
organs  by  which  all  the  motions  of  the 
bo(h'  are  effected.  Indeed,  without  an 
acquaintance  with  the  orpans  that  are 
called  into  play  in  the  various  motions  (tf 
the  body,  neitber  the  painter  nor 
statuary  can  give  animation,  life,  or  vigOOir 
of  e.xLpi  ession,  to  his  representations  of 
living  nature. 

ft  Is,  we  ohsenre,  illustrated  in  many  of 

the  productions  of  the  fine  arts,  w-here  the 
artist  has  been  restiuined  in  his  represen- 
tations  by  his  want  of  knowledge  of  the 
muscular  system,  which  would  be  calle<l 
into  action  in  the  violent  motions  of  the 
animals  represented.  Some  are  forced  to 
keep  the  mouths  of  animals  closed  from 
their  being  miable  to  reprc*-ent,  not  only 
the  form  uf  the  teeth,  but  tiie  muscles 
which  would  be  called  into  action  in  re- 
Ijrcseuting  them  in  a  state  of  nature.  The 
poature  of  the  body  has  not  tliat  play  ol 
lively  motion  which  we  observe  in  the 
\arious  tribe.'?  of  animals,  because  the 
I  slightest  motion  of  a  member,  or  the  re- 
presentation of  an^  living  action,  would 
[force  the  artist  to  display  an  armmintance 
with  the  ^neral  disposition  of  the  uius- 
clei^; 
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are  caQed  iuto  action  in  each  notion  of- 
.the  body.  | 

To  the  natural  philosopher  the  study  of 
the  complex  machinery  by  which  all  ani- 
mal motions  arc  eftectc<l,  is  replete  ^itb 
the  most  interesting  problems.  B(*nT-,i  i.r, 
Mayu,  and  Barthez,  by  exannning  the 
forms  of  the  arttenlationfl  of  animals,  and 
the  size  and  attachments  of  the  nmst  los, 
submitted  to  mathematical  calculation  the 
various  motiima  they  perfonn,  and  the 
forces  they  exert  in  standinc:,  walking, 
running,  leaping,  flying,  and  svvin^ming. 

To  the  ph)  sialogist  who  studies  human 
structure  with  a  ]>hilo8ophic  spirit,  it  is 
interesting  to  trace  the  various  conditions, 
the  forms,  and  the  development  of  the 
nmsciilar  system  in  the  inferior  tribes  of 
animals.  We  observe  it  at  first  in  the 
form  of  a  homogeneous  pulp  before  it 
assumes  the  form  of  a  fibrous  mass.  We 
observe  tho«o  fibres  assuminp;  more  nTul 
more  dehuite  lorms  until  wc  arrive  at  that 
series  of  disUnct  fasciculi,  which,  from 
their  constancy,  regularity,  and  symmetry, 
in  the  highest  forms  of  animals,  have 
received  distinct  names.  The  muscular 
system  is  exactly  i)ro])ortioned  in  the 
various  tribes  of  animals,  in  its  develon* 
ment,  to  the  living  habits  of  those  animals. 
If  an  aTiiinal  is  to  fly  through  the  air  by 
the  motion  of  its  arms,  we  find  that  the 
muscles  destined  for  the  motions,  parti- 
eularly  of  the  humerus,  ai'c  largely  deve- 
loped. If  it  is  destined  to  burrow  in  the 
earth,  the  muscles  which  arc  destined  to 
move  the  hands  are  vigorous;  and  the 
whole  of  the  anteHf>r  cxtremitiesr,  to  (^Wp^ 
them  greater  \  igour,  are  shortened.  Thvy 
arc  thus  extended  in  the  bats  and  the 
birds,  but  are  shortened  in  the  moles  and 
other  burrowing  quadrupeds. 

It  is  intN«sting  to  trace  Die  gradual  de- 
velopment of  the  nervous  system  in  the 
animal  kingdom,— to  watch  the  first  for- 
mation of  nervous  fibres  from  the  state  of 
globules  in  which  that  system  wijppwn  to 
be  in  its  lowest  condition,— to  observe  tiie 
parts  ivhich  are  developed  in  the  course  of 

those  filanumts  of  globules,  or  those  ner- 
vous fibres, — to  trace  the  connexion  be- 
tween the  gradual  development  of  the 
nervous  system,  and  the  general  complex- 
neu  of  the  whole  of  the  rest  of  the  organi- 
zation. 

M'c  shall  never  find  the  nervous  ayston 
higlily  (developed  while  the  rest  of  the  or- 
gauization  is  in  the  lowest  condition  of 
nmplicity;  but  the  development  of  this 
important  ^ystrm  is  more  an  index  of  the 
general  development  of  animals  than  any 
other  system  <»  their  economy.  We  shall 
trace  the  gradual  development  of  the  spi- 
no-cerebral  axis  in  the  vertebrated  classes, 
tcom.  its  simple  coQdition  in  the  petromy- 


zon,  and  others  of  the  lowest  cartilaginous 
fishes.   We  shall  see  that  we  gradually 

arrive  even  at  this  simple  condition  of  the 
nervous  bystcm  in  fishes,  by  tracing  it 
through  the  radiated  animals,  where  it  is 
disposed  in  Hie  forn!  of"  n  circular  filament. 
We  shall  trace  it  through  the  articidated 
class  of  animals,  where,  from  the  length- 
ened form  of  the  bodies  of  those  animals, 
it  assumes  the  form  of  two  lengthened 
cords  connected  before  and  behind.  We 
shall  trace  those  abdominal  filaments  gra- 
dually developing  ganglia  in  their  course, 
and  the  concentratien  t)f  those  ganglia  at 
those  p  rs  of  the  body  from  which  im- 
portant organs  are  to  be  developed. 

Thus  we  shall  find  in  the  higlicst  of  th« 
articulated  animals,  that  the  two  simple 
nervous  filaments  of  the  eutozoa,  have 
ganglia  developed  upon  them,  at  first  dia* 
posed  at  regular  distances  along  their 
M  }u>le  course,  and  that  those-  panc'lia  gra- 
<iuail}  uil\  aiicc,  approximate,  and  unite,  at 
that  part  of  the  body  from  which  the  ex- 
tremities of  the  body  are  developed;  that 
the  ganglia  placed  above  the  a'sopbagus— 
the  8upra-<B8ophageal  ganglia,  or  the  so* 
named  brain  of  those  animals,  become 
largely  developed  iu  them,  corresponding 
with  the  high  development  of  the  organs 
of  the  senses,  as  tlic  compound  eyes,  the 
numerous  antennae  and  palpi.  We  shall 
observe  this  concentrated  of  the  great 
centres  of  the  nervous  system  more  mark- 
ed in  the  molluscous  classes,  where  it  is 
concentrated  generally  in  the  form  of  a 
chain  of  ganglia  around  the  oesophagus. 

In  the  vertebrated  classes,  the  various 
:itages  of  the  development  of  the  nervous 
system  are  intimately  connected  with  the 
condition  of  the  rest  of  their  organization, 
and  with  the  kind  of  relations  which  they 
require  to  have  established  with  surround- 
ing  nature.  The  great  centres  of  the  ner- 
vous system,  the  brain  and  the  cerebellum 
in  the  class  of  fishes,  correspond  with  the 
embryo  condition  of  that  system  in  the 
human  body.  The  corpora  quadrigemina, 
for  example,  in  the  ooUI-blooded  verte<* 
brated  classes,  remain  as  undivided  lobca, 
containing  cavities  within  them,  as  in  the 
cmbr}'o  state  of  our  own  corpora  quadrl« 
gemina.  The  hemispheres  of  the  bnUn 
gradually  liocome  developed  in  every  dl<« 
rection, — ujjwards,  laterally,  backwards,— 
fi-om  the  class  of  fishes  through  the  am< 
phibia,  the  reptiles,  the  birds,  and  the 
quadrupeds,  till  they  acquire  that  extraor-i 
dinary  development  which  you  observe 
in  man  and  in  the  animals  which  como 
nearest  to  him — a  development  by  which 
the  cranial  vertebra  are  dUated,  so  as  to 
change  entirely  their  ap])earance,  and  to 
render  it  difficult  at  first  to  trace  tlu;  ana- 
logy which  exists  bc^cQ^  those  expaude4 
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cranial  vertcbrs,  nnd  tbe  vertebrae  com- '  plest  form  in  fisbes»  as  a  distinct  system^ 
posing^  the  rest  of  the  column.  I  gradually  acquii  ing  valves  and  glands  in 

It  is  interesting  to  trAce  the  gradual '  their  course,  and  the  change  of  the  mate- 
development  of  the  ort^ns  of  tTie  sense?; '  rials  whic  h  they  convey  to  the  blood,  frotii 
to  watch  the  8uccciii>lvc  additions  of  parts,  I  the  limpid  contents  in  the  cold-blooded 
firom  tbe  simplest  form  of  ttrose  organs  till  animals,  to  the  milky  contcnfs  i&i  the 
we  arrive  at  their  roost  complex  form  in  \  mammalia. 

the  highest  animals;  to  find  the  ear  ofi  We  shall  Andthaffhe  vascular  system' 
file  crustaccous  animals  consist  of  a  simple ,  proceeds  rcgiiferly  in  the  march  of  its  de« 

vestibule,  the  internal  solid  parts  added  in  velopmcnt,  ns  wc  rise  frnin  the  simple 
tbe  cephalopoda,  the  semicircular  canals  vessels  of  the  polygastric  animalcules,  and 
add^  in  fisti6s»  the  gradual  develop- '  from  tbe  lowest  articulated  classes  np-^ 
ment  of  the  cochlea,  nnr!  the  tympanum  '  Nvards,  throni^h  the  injects  where  the 
as  we  ascend  through  tbe  cold-blooded:  dorsal  vessel  is  formed,  through  the  crus- 
animals,  and  to  trace  tbe  gradual  elabora-  f  taceons  animals  wrbere  a  distinct  liinscii-' 
tion  in  all  those  infernal  parts,  as  well  as  lar  cavity  is  formed,  through  the  inrll  ;-- 
the  addition  and  perfection  of  the  external  cous  classes  where  an  auricle  is  sUper- 
concha.  And  so  of  all  the  other  organs  of  j  added,  through  the  reptiles  where  two 
the  senses.  auricles  are  formed  and  the  ventricle  has 

The  5^tudy  of  the  digestive,  apparatus  of  become  partially  dividcfl,  to  the  hot* 
auinials  v.  ill  occupy  a  considerable  time,  blooded  animals  where  four  distinct  cavi- 
because  it  is  a  systiein  tvblcU  will  lead  us  j  ties  of  the  heait  exist.  There  is  a  beau- 
to  the  lowest  forms  of  known  animals.  |  tiful  analogy  hetwLvt  the  various  condi- 
We  shall  see  the  digestive  apparatus  tVom  j  tions  thus  presented  by  the  vascular  sys- 
a  simple  sac  without  appendices,  and  with  j  tern  in  the  different  grades  of  animata. 


only  one  orifice,  becoming  gradually  more 
lengthened  and  complex  in  its  structure, 
find  developing  from  Its  parietes  the  va^ 
rious  glantlul:..-  app n  itn-  which  are  to 
assist  in  the  digestion  of  the  food.  Wc 
BhkU  see  that  all  glandular  organs,  what- 
ever be  the  nature  of  the  secretion  they 
9xe  to  form,  are  tubes  developed  from  the 
iiiternal  or  from  tbe  external  snrfkce  of 
the  body.  That  the  intestine  develops  the 
j)ancreas  and  the  liver,  and  _the  other 
glands  that  open  into  it ;  that  the  surface 
of  the  skin  develops  glands  which  open 
upon  it«  'surface;  that,  in  fact,  all  the  sys- 
tems tiiut  cater  into  the  composition  of 
Animal  bodies  are  successively  developed 
from  a  primitive,  simple,  homogeneous, 
cellular  tissue  which  at  first  comj)oscd  the 
whole  body. 

Hie  gidatinous  eni1)ryo  of  animals,  like 
the  albuminous  vesicle  of  the  ovum  of  a 
plant,  or  like  the  Amplest  anlmalcnle,  is 
tit  fiist  coiiij)oseJ  of  mere  cellular  tissue, 
whicli,  becoming  condensed  on  the  sur- 
ftce,  rorms  tbe  integument  or  skin.  The 
skin,  by  folding  inwardly,  forms  a  sto- 
mach, or  by  passing  through  the  body 
forms  an  intestinal  canal.  The  intestine, 
bv  lateral  jirolongations,  forms  casca, 
glands,  or  vessels,  which  by  becoming 
developed  and  isolated,  form  various  in- 
dependent systems  in  the  higher  animals. 
Prolongations  from  the  skin  form  cilia  or 
brachijc,  or  when  they  are  directed  in- 
wardly, they  form  lungs  for  respiration ; 
and  even  the  cr::nTV-  nf  generation  have  a 
similar  origin  from  the  external  or  the  in- 
t^al  surnieB^  as  all  glandular  organs. 

sb.ill  trace  the  gradual  dc\-el(ipnu  ut 


and  the  conditions  wliich  it  is  known  to 
present  during  its  development  in  the  em- 
bryo and  in  the  foetus  of  man.  In  tbia 

highest  fonns  of  hot-hloodod  animals,  the 
vascular  system  consists  at  first  solely  of 
vessels,  and  those  vessels  contain,  as  in 
the  lowest  animals,  a  colourless  fluid. 
These  vessels  form  an  aorta,  which  dc- 
ve1o))8  a  ventride,  then  an,'  anricle;  to 
this  is  superadded  another  auricle  arid 
another  ventricle  by  the  division  of  the 
two  original  cavities.  So  that  we  pass 
through  the  same  stages  of  development 
l)y  tracing  Vnh  vascular  system  through 
one  of  tlie  highest  animals,  as  we  do  iu 
tracing  it  through  the  great  body  of  the 
animal  kingdom. 

It  is  interesting  to  observe  the  forms 
assumed  by  the  rci^piratory  organs  in  the 
various  tribes  of  animals,  with  relation  to 
the  media  in  which  they  live.  At  first 
the  rcs])lratory  system  Is  distributed  gene- 
rally over  tlic  surface  of  thehoily.  In  pro- 
portion to  the  development  of  the  vascu- 
lar system  and  t>ie  general  organization, 
the  rcspiiatr)ry  system  heconjes  limited  to 
a  particular  part  of  the  body,  through 
which  the  circulating  fluids  may  be  c(m- 
veniently  conve}  ed  in  their  course  througli 
the  body.  We  shall  see  the  first  form  of 
the  system  to  con^iist  of  cilia,  or  utinute 
vibratile  filaments  dispraed  over  the  sur- 
face; whilst  in  the  aquatic  animals,  it 
consists  of  gills,  which  are  variously  disr 
posed,  according  to  the  organisation  and 
general  form  of  the  body.  We  shall  trace 
the  gradual  development  of  those  internal 
respiratory  organs,  by  which  the  reptiles, 
t1i(  1  iris,  and  the  mammal!  5 ,    i  c  f.llo\v<^ 


U  tbe  cbyliferoiu  veMels*  from  their  sim- 1  so  o^teosive  a  8udi»ce  for  the  distribatiotf 
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of  ttidr  Mood.  We  than  observe  those 

cavities  gradually   cleselopcil   from  the 
tracheae  ramified  tiirougli  all  parts  of  the 
insect,  bccoiniiig  more  defined  in  the 
arachnida,  —  forming  a  pulmonary  sac 
in  many  of  the  gasternnofles-  ^onninjs^  air- 
hags  in  fishes  commuiiuatiiig  with  the. 
aUmentar}-  canal,  and  at  length  with  the  j 
mouth  ill  fishes  and  amphibia.    We  sliallj 
observe  those  sacs  becoming  more  andi 
more  complex  by  the  fbrnibtioii  of  inter- 1 
nal  soptn,  fill  we  nrrivc  nt  the-  romplex' 
M^aus  we  sec  in  the  hot-blooded  ver-  \ 
tebrata.    "W^  tluAX  trace  the  eeimexlon 
which  exists  between  the  development  of  j 
the  respiratory  system  and  the  mascular 
nystem,  the  correspondenoe  with  tite  de- 
vcloprncnt  of  the  nervous  s\    nj,  the  or- 
gans of  the  senses,  and  all  the  more  im- 
portant systems  of  the  economy. 

After  etamining  the  \«rion8  organs ' 

destined  for  the  ii::uinKTHMc  secretions  of; 
animals,  the  organs  whicli  are  prepared, 
for  the  absorption  and  for  the  rcjnoval  of  i 
the  decayed  materials  of  the  body,  wc, 
shall  observe  thos(?  avstcms  to  become , 
more  and  mure  complete  in  proportion  to 
Ae  general  devdoj^nent  of  Ilia  other 
of  the  economy. 


In  considering  the  tof^imentary  or- 
gans which  cover  and  protect  all  the 
more  delicate  organs,  wc  shall  percdve 
that  the  forms  which  those  systems  pre- 
sent, are  intimately  comiected  with  the 
living  liabits,  and  «*ith  the  internal  con- 
ditlim  of  the  strnrtnrc.  The  simplest 
fbmis  of  animals  possess  an  integument, 
which  consists  merely  of  a  more  condensed 
portix)n  of  the  general  celhilar  tissne  of 
the  body.  A  distinct  cutis  is  at  length 
formed,  with  a  cntfcle,  and  with  appen- 
dices rli  ^  Inpcd  from  its  surface,  in  the 
form  of  hairs,  scales,  or  other  protecting 
organs.  Those  external  appendices  have 
a  beautiful  relation  to  the  whole  condition 
of  the  animals.  Thus  the  birds,  organised 
to  pass  rapidly  through  strata  of  the  at- 
mosphere of  various  degrees  of  terapcra- 
tnrc— to  plunge  through  those  strala 
rapidly  to  pounce  upon  their  prey,  or  to 
pass  to  distant  latitudes  on  the  surface  of 
the  globe,  and  over  mountain  chains  of 
high  elevation  and  covered  with  perpetual 
snows — are  protected  wich  a  dense  downy 
covering,  a  very  h;u\  conductor  of  caloric, 
by  which  the  warmth  of  the  body  beneath 
h  |irotected  from  vicissitudes  of  tempe- 
rature in  the  surrounding  medium.  We 
shall  see  the  various  pui-poscs  to  which 
those  tegumentary  organs  are  appUed, 
sometimes  serving  as  organs  of  defence, 
tod  sometimes  as  organs  of  offence. 

.  In  the  organs  by  which  the  races  of 
ininnilt  Arc  perpetuated  on  fhe  eurCh^Ve 


shall  see  tfiat  the  various  forms  tfrey  pre- 
sent, exhibit  the  same  phenomena  of 
gradual  development that  the  fissipa- 
rous  generation  of  the  simplest  animal^ 
the  gemmiparous  generation  of  higher 
forms,  the  oviparous  generation,  so  com- 
mon in  the  iuvu  tcbratcd  classes,  and  evea 
as  bigll  as  the  mammalia,  and  the  vivi« 
parous  generation  so  rharactcristic  of  the 
highest  class,  are  but  diflerent  stages  of 
the  same  great  function.  In  watching  the 
de\ olctpujent  of  the  embryo  of  the  most 
perfect  animals  through  aU  the  stages  of 
its  development^  we  discover  that  the 
order  in  which  the  various  organs  are 
brought  into  being,  corresponds  nearly 
with  the  order  in  -miich  they  are  lirought 
into  existence,  in  ajfcendlug  from  the  sim- 
plest to  the  highest  elates.  That  the 
simplest  animals,  lilee  the  simplest  plants, 
begin  by  a  homogeneous  pulp;  and  that 
ill  this  are  gradually  formed  all  the  various 
systems  by  which  the  nutrition  of  the  in- 
dividual is  eflbcted,  the  relations  with 
surrounding  nature  are  e?<tahlislied,  and 
the  race  i»  continued  on  the  surface  of  the 
earth. 

Tlic  study  of  these  various  objects  is 
highly  illustrative  of  human  anatomy  and 
physiology.  They  constitute  the  only 
correct  and  philosophic  foundatioti  for 
zoological  classification.  The  study  of  the 
solid  parts  of  animals  Is  important  to  the 
gcoloir'i-t.  The  contemplation  of  the  \a-i 
rious  machinery  by  which  animals  are 
enabled  to  continue  their  existence  for  a 
limited  prrlod  on  this  earth,  is  interesting 
alike  to  the  philosopher  and  the  naturalist. 
It  opens  many  new  paths  of  inquiry  to 
the  student  of  nature.  It  is  intimately 
connected  with  the  duties  of  the  lej-isbi- 
tor  in  framing  laws  lor  tiie  protection  and 
extension  of  the  animal  productions  of 
coiuitries.  It  opens  up  to  the  contem- 
plative mind  contuuuU  sources  of  pleasure 
and  admiration,  I>y  pointing  out  prooft 
of  wisdom  and  d.  sij,'u  in  every  form  of 
animal  organization.  The  profoimd  study 
of  these  ^nuious  objects  is  calculated  to 
unfold  the  laws  of  vital  movements,  and  to 
6\iQ\\  that  the  phenomena  of  living  beings 
are  regulated  by  laws  as  definite  asflwse 
which  govern  tlic  vi  i^etable  kingdom  or 
inorganic  nature, — that  the  movements  of 
animals  form  as  much  a  part  of  the  great 
system  of  iiature  as  the  mo\  cments  of  the 
celestial  bodies,  and  that  the  whole  con- 
stitutes one  grand  and  harmonious  8y:ilum 
of  the  material  world. 

Indeed  in  whatever  li^dit  wc  view  this 
study,  it  presents  subjects  of  inquiry 
worthy  of  occupying  a  ])hilo8ophic  mind. 
The  nmltiplicit)' and  the  endless  variety  of 
the  objects  about  which  it  is  conversant, 
agreeably  eKercifley  while  they  improve  our 
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mental  powers,  and  fSieir  examinaHon  af- 

fbrds  a  healthful  employment  to  our  fa- 
CUltiea  and  senses.  The  facts  which  the 
Science  xiresents  to  onr  contemplation,  in- 
Hr pendent  of  their  practical  utility  in  the 
anatomy  and  physiology  of  man,  are  cal- 
culated  to  awaken  and  engage  tbe  atten> 
tion,  to  interest  and  occupy  the  whole 
mind,  to  recall  our  thoughts  from  selfish 
©r  visionary  pursuits,  and  to  suhdue  the 
inordinate  emotions  and  passions  of  our 
nature.  Such  inquiries  afford  useful  and 
varied  instruction,  they  constantly  excite 
feelings  of  admiration  and  delight,  and 
they  leave  a  satisfaction  in  the  mind  from 
their  conclusions  resting  always  on  the 
solid  basis  of  oiiservation  and  experience. 
From  tlio  consciousness  of  the  life,  the 
feelings,  and  the  varied  instincts,  which 
once  animated  aH  the  ohjects  of  tbls  study, 
onr  sympathy,  which  niic^ht  be  unmoved 
by  the  examination  of  an  unorganised  mi- 
neral, ts  here  constanfly  excited,  tbe  heart 
becomes  interested,  and  the  finest  feelings 
of  our  nature  are  awakened  and  im- 
provctl. 

Animals  constitute  a  part  of  the  great 
system  of  nature,  and  their  phenomena  are 
regulated  by  universal  laws.  The  organs 
of  animals  fonii  the  HnV>--  r\  rhnin,  nnd 
their  functions  form  a  continued  i  iidu  of 
renovation  and  decay.  The  close  con- 
nexion ;nif!  the  nmtual  dependence  of  all 
the  phenomena  they  exhibit,  lead  our  re- 
flections and  inquiries  to  follow  always  in 
a  connected  train.  The  reasnninp^  powers 
are  thus  constantly  called  into  action,  are 
strengthened  by  useful  and  varied  e.K- 
rrciso,  and  are  suitably  dirpcted  to  the 
discovery  of  truth.  The  themes  of  reflec- 
tion and  the  scenes  of  nature  laid  open  to 
MS  by  a  philosophic  survey  of  the  structure 
and  the  living  phenomena  of  the  animal 
kingdom,  enrich  the  imagination  with 
varied  and  interesting  imagery,  while  they 
extend  our  knowle<lge  and  fill  the  mind 
with  wonder  and  admiration.  And  while 
these  investigations  extend  our  acquaint- 
ance with  iiature  and  v.  hh  the  sources  of 
inteliectual  enjoynicut  around  us,  they 
enUurge  ttie  bmmi^eB  of  physical  science, 
and  extend  our  views  of  that  harmony 
vhicb  pervades  the  universe.  They  exalt 
onr  conception  of  the  great  Author  of 
n  itiire,  hy  demonstrating  his  power,  his 
goodness,  and  his  infinite  wisdom,  in  the 
minutest  and  most  recondite  parts  of  his 
creation  ;  and  they  hring  us  nearer  to  him 
by  removing  the  veil  from  the  most  mys- 
terfcms  of  his  oiierathms  ia  the  material 
WAld. 


LECTURES  ON  8UR69RY| 
MR.  WARDR  OP. 


THE  DISEASES  OP  THE  SANGUINEOUS 
SYSTEM. 

G  en  era  I  Remarks. — 0/  the  Blood ; — tis  Func- 
tions : — tto  •*  LMnffPrituiple  " — it*  Morm 
bid  Clianrjps  ;  -  ?7y  quantify  in  Man  :  —  itt 
Hemilfle  iiualUieii— Smelt — Taste — Tent' 
peratwe, — Cbaffttlafim  4^ik«  Blood;— ii9 
Phenomena; — Utility  q/*  Coagulation  in 
Sto2^iiiff  Hemorrhage, — in  uniting  divided 
parts, — f«  the  process  o/Reparation^-'^ond 
iv  the  Cure  of  Aneurysms.  —  Want  <^ 
Coagulatory  Power  in  the  Blood,someT 
fmm Heremtarg,— fatal  CSvset.  —  TVfol- 
ment. — Consistence  of  the  Blood; — Com- 
ponent Parts  of  the  Blood.—  Serum, — Red 
Globules,  —  Coagulated  Lymph.  —  The 
Bv0lf  Coat, 

Having  in  the  last  discouise  endea- 
voured to  point  out  what  appears  to  mo  to 
he  the  true  principle  or  the  basis  for 
the  classification  *of  diseases,  1  propose 

now  to  take  a  general  view  of  tht-  di-e:isc8 
of  each  of  the  systems  or  textureii  se- 
parately, dwelling  more  particulMly  on 
those  affections  whiih  have  connnonly 
been  treated  of  in  systems  of  surger)'.  At 
the  same  time  you  roust  at  onceperceivo 
how  impracticable,  indeed,  I  may  saj', 
absurd,  it  would  be  to  presume  to  form 
anything  like  a  classification  of  diseases  of 
each  of  the  systems  which  compose  the 
body,  and  then  to  divide  these  into  e.i  tcrnal 
and  interml,  or  into  those  belonging  to  sur- 
gery and  to  physic  I  have  already  re* 
marked,  that  no  nosological  writer  has 
even  attempted  so  imphilosophical  a  tank. 
In  none* of  fheh>  works  is  thereto  be  found 
any  particular  dcsignntifm^  or  marks  by 
which  the  one  can  be  distinguished  from 
the  cHiher.  It  is,  hi  fiwt,  not  the  sdeneo 
but  the  practice  of  the  profession  of  me- 
dicine which  has  t>een  thus  divided.  In 
the  early  ages,  medicine  was  not  only 
considered  as  one  science,  but  it  was  prac- 
tised as  one  profenion.  At  that  period  of 
history,  learning  was  entirely  confined  to 
the  ]n  iests,  hut  a  time  aftervs'ards  arrived 
when  the  fathers  of  the  church  conceived 
that  it  was  inconsistent  with  their 
pious  duties  to  spill  human  blood,  and 
this  led  them  to  devolve  thr  nprrafirni.v  of 
surgery,  few  and  uninipui uni,  as  tbey 
were  in  those  days,  into  the  hands  of 
others.  Hence  arose  tin  divigion  of  me> 
dicine  into  physic  and  surgery. 

The  data  of  dbeaaea  we  now  come  to 
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LECTURE  III. 

ON  THE  CLASSIFICATION  OF  THB  ANI- 
MAL KINGDOM. 

In  treating  of  the  atructure  of  the  lower 
animals,  anJ  in  describing  the  develop- 
ment of  tlie  various  systems  which  enter 
into  their  organization,  it  is  not  my  in< 
tention,  Gentlemen,  to  leave  nut  any 
particular  class  of  animals  because  they 
may  be  low  in  the  scale,  or  hcHevctlto; 
contain  objects  very  little  interesting  to 
the  nictlical  man  or  the  philosopher.  It  is 
luidentood  tbat  you  have  come  to  this 
apartment  to  see  the  organization  brought 
gradually  into  being,  and  to  trace  their 
parts  tji  a(liu;Uy  supemdded  until  they  ar- 
rive at  the  objects  which  arc  conceived  to 
he  of  the  most  importance  because  most 
immediately  conuMtod  -witb-  and  most 
nearly  related  to  the  human  organization. 
It  behoves  me,  therefore,  often  to  use 
terms  which  I  am  ueli  aware  cannot  be 
familial'  to  you,  as  they  do  not  often  occur 
in  the  other  departihents  of  medical  oduca* 

No.  m 


tion.  It  is  necessary,  however,  in  the 
present  btate  of  the  science,  to  use  a  very 
'  definite  language  in  order  that  the  fads 
stated  regarding  the  development  may  be 
more  precise,  more  accurate,  and  more 
valuable.  On  this  account  I  have  generally 
at  seme  part  of  the  commencement  of  tbe 
course,  introduced  one  or  sometimes  two 
lectures  upon  the  dassiflcotion  and  sub- 
division of  the  animal  kingdom.  As  zoo- 
l(^y  form»  tbe  subject  of  a  separate  course 
of  lectures,  I  find  it  inexpedient  to  devote 
more  than  one  lecture  to  this  ])art— the 
subdivision  of  tbe  animal  kiugdom.  We 
require  Uiis  on  account  of  the  constant 
employment  of  subdivisions  whirl  i  u  r  not 
commonly  used,  and  in  order  to  give 
greater  deftniteneaa  and  value  to  tbe  de- 
scriptions hereefler  to  be  given. 

Now  the  animal  kingdom  comprehends 
beings  the  most  diversified  as  to  form,  struc- 
ture, and  media  in  'which  they  live ;  for 
we  find  some  organised  to  fly  through  the 
air,  others  to  creep  on  the  earth  or  burrow 
under  its  surface,  and  others  to  descend 
into  and  inhabit  the  depths  of  the  tea. 
The  position  of  aninmls,  liow  evor,  witb  re- 
gard to  the  am  lace  ot  lliis  u.u  lii  id  not  at 
all  connected  with  the  degree  of  elevation 
of  their  organization  or  their  coniplexiiess 
of  structure.  The  sirvciure  of  animals  in 
the  basis  on  which  classification  is  founded. 
The  simplest  structtires  are  expected  to  be  • 
found  in  the  lowest  divisions,  and  struc- 
tures graduaUy  become  more  and  more 
complex  as  we  ascend  in  the  scale. 

When  we  place  a  drop  of  any  decayed 

infusion  of  animal  or  TSgefable  matter 

under  a  powerful  niicrosope,  and  throw  a 
lij^-lit  tlii'OHg!i  that  (h(;p,  and  throutch  tbe 
microscope  to  the  eye,  we  discover  in  tho 
drop  of  water  various  forms  of  living; 
beings,  some  of  a  ronnded»  some  of  a 
lengthened  form,  and  some  exhibiting 
ramifications  s'lnotinrj  in  all  directions, 
but  all  apparently  of  a  soft,  transparent, 
gelatinous,  and  idmost  homogeneous  tex* 
tiwe.  Those  beings  coaatHate  the  lowest 
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form  of  animals  witli  which  we  a:  c  at  I  On  the  shores  of  the  sea,  when  the  tide 
present  acquainted,  and  they  were  at  first  |  baa  retired,  rocks  and  other  marine  sub- 


considered  to  be  aatomatous  and  agastric, 

and  were  called  infusoria,  hut  that  deno- 
mination, you  perceive,  taken  from  their 
locality,  is  not  explanatory  of  their  struc- 
ture but  of  their  habitat. 

Upon  examination  it  was  fonnd,  that 
there  existed  animalculse  of  a  iiighcr  de- 
jtomination,  even  as  high  as  cnibs  and 
lobsters;  they  exist  in  every  stagnant  pool 
of  water,  in  every  river,  and  in  the  ocean. 
There  exist  also  extremely  minute  red- 
hlooded  worms,  and  other  chisses  of  ani- 
mals, in  the  same  infusions  with  the  sim- 
plest Ibrms  of  animalcttles. 


stances,  covered  with  a  layer  of  soft, 

spongy  substance  of  various  forms,  co- 
lours, and  consistence,  sometimes  hanging 
in  branches  from  the  cliffs,  which  are 
covered  by  the  sea,  sometimes  covering 
the  siu  face  of  marine  anitnals.  Tliis  layer 
con^i^stii  of  beings  which  possetis  an  or- 
ganization ^tremely  simple.  Their  sur- 
face  is  i)orous  ;  those  pores  lead  to  canals 
which  ramify  through  all  parts  of  their 
texture;  and  those  canals  anastomosing 
into  larger  und  larger  trunks,  lead,  again, 
to  orifices  on  the  surface,  from  which 
there  issue  constant  streams  tji  water. 


Upon  examining  with  great  care  many  which  are  at  first  carried  in  through  the 


years  since  the  ettects  of  coloured  infu- 
sions upon  those  minute  animalcnis,  it 

was  found  that  they  devoured  great  quan- 
tities of  the  coloured  matter  in  which  they 
were  placed,  and  that  in  devouring  it  thus 
rai)idly,  they  conveyed  it  into  internal  ca- 
vities or  stomachs,  which  are  sometimes 
extremely  numerous  in  them.  Those  ca- 
vities exist  in  almost  every  known  genus. 
Sometimes  there  are  nearly  200  stomachs 
in  a  single  animalcule.  Animalcules  occur 
«belonging  to  this  elas^  SO  small  that 
nearly  500  millions  are  contafTH-d  in  a 
single  drop  of  water,  tliat  xs,  uii  many 
as  there  are  individuals  of  Our  own  race 
on  the  face  of  the  earth. 

Isow  m  those  minute  beings  which  con- 
ttftttftelbe  simplest  forms  of  animals,  there 
are  numerous  stomachs,  and  that  in  al- 
most every  genus  (of  which  there  are  a 
fpreat  number),«->the  lowest  class  is  there- 
fore called  pohjyastrlca.    Those  litUc  ani- 


pores,  conveyed  through  the  canals,  and 
next  into  those  larger  trunks.  They  are 

called  poripheroy  and  they  constitute  the 
second  lowest  class  of  animals. 
Inhabiting,  likewise,  the  sea  of  aO  dime^ 

are  substances  which  ramify  or  lie  in 
masses,  but  having  for  the  most  part  a 
calcareous  axis,  with  a  skeleton  composed 
of  the  carbonate  of  lime.  Accompanying 
this,  sometimes  covering  it,  sometimes  in 
the  interior,  there  is  a  soft  iieshy 
substance,  which,  in  fact,  is  the  body  of 
the  animal.  That  fleshy  mass,  which 
composes  the  substance  of  the  body,  is 
developed  at  particular  points  into  sacs— 
digestive  cavities—all  over  the  surface. 
Those  digestive  sacs  are  called  polypi  i 
and  from  this  character,  which  belongs  to 
this  class  of  animals,  the  whole  class  has 
been  denominated polypiphera.  These  con- 
stitute tibe  dass  or  animals  oommonly 
known  by  the  name  of  zoophytet  amongst 
the  older  writers,  because  they  were 


mals  are  found  not  only  in  animal  infu- 
sions, bat  they  are  ftmnd  in  tlie  stagnant  j  thought  to  belong  to  the  vegetable  king- 
waters  around  all  onr  ritir^;  they  are  dom,  and  to  be  I&atS  wUll  .highlf  SCnW> 
found  in  the  waters  of  harbours,  of  rivers,  tive  flowers. 


of  lakes,  and,  as  ihr  as  we  know,  in  every 

drop  of  the  ocean  which  is  in  a  fluiil  state. 
I  hnre  myself  examined  them  in  various 
part:}  of  the  western  islands,  in  an  excur- 
sion witik  Or.  HooKBR,  Dr.  QaKviLLE, 
Dr.  Thomson  (Glasgow,  and  other  na- 
turalists at  a  great  dijjtance  from  land. 
In  the  siummcr  of  last  year  I  had  an  op- 
porttmity  of  cxnTniniiig  tboni  in  gln^-s 
tubes,  taken  at  iica  un  niy  way  to  thc 
l4md*s  End  in  ComiMtl],  a  great  w  ay  from 
the  sea  shore.    From  their  nature  there 


Now  there  are  animals  belonging  to 

this  class  of  various  forms  and  of  various 
compositions,  some  having  a  skeleton  of 
a  soft  texture,  as  in  the  alcyonium,  some 
homy  as  the  gorgomoy  some  solid  and 
calcareous  n<^  the  -nmdrepores  and  mean-' 
drince,  some  calcaieous  and  jointed  as 
the  ing.  Those  belong  then  to  tikis  class 
of  polypiphera  having  polypi.  Theysnhsist 
oil  auniials.  They  are  earn ivoroos— they 
feed  ui>on  living  j)rey  consisting  of  ani«» 
malcules.   We  .shall   examine  how  they 


is  reason  to  believe  they  are  by  far  the  seize,  digest,  and  throw  out,  the  residue  by 


most  numerous  living  beings  that  exist 
cm  the-  face  of  this  planet.  They  consti- 
tute the  simi^est  forms  of  animals.  They 
are  the  food  of  higher  chuses,  particuhirly 

of  zoophytes.  They  constitute,  mnny  of 
them,  the  embryo  of  more  perfect  ani- 
malcules, which  curious  observation  has 


the  same  orifices  into  which  the  prey  wt 
taken.  As  you  observe,  from  the  surface 
of  this  sizigle  branch  (presenting  a  speci- 
men of  auuft'i^wre),  there  are  innumerable 
digestive  sacs  all  over  the  surface,  which 
are  so  many  mouths  of  the  same  indi- 
▼idual  fleshy  substance.  Those  anhnals 


been  confirmed  by  the  recent  gmCMIChW  precipitate  immense  quantities  of  the  car- 

of  Profieesor  £aiiB|(i»Biio>  jbonato  of  lime,  particularly  iu  tropical 
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teas,  where  they  cover  rocTcs  which  have ' 
been  thrown  up  for  many  hundreds  of 
niflet  in  extent.  They  delight  to  be  in 
water  \\  hich  covers  rcM^ks  near  the  eur-  [ 
face  J  and,  indeed,  at  no  very  TPmote  pe- 
riod, those  animals  were  thought  to  ex-i 
tend  into  vast  ridges  of  mountains,  running' 
for  many  hundreds  of  miles.    This,  how-' 
ever,  was  totally  inconsistent  with  every- 
thing we  now  know  of  them*  and  ia  easily 
explained  by  what  is  known  of  volcanic 
action.   The  volcanic  actions  which  have 
taken  place  have  raised  up  thdvolcanic 
ridges  covered  with  corals^  which  are 
found  in  all  the  South  Seas. 

In  all  parts  of  the  ocean  are  numerous 
gelatinous  animals,  for  the  most  part  of  a 
transparent  and  simple  textnre,  such  as 
the  medusa  and  Portuguese  iHan'Of-war,  and 
numerous  other  genera,  which  we  sludl 
hereafter  examine.  For  the  most  part 
those  soft  gelatinous  animals  (which  are 
entirely  aqnatic,  and  all  of  them  marine) 
possess  a  propcrtj'  by  which  they  excite 
inflammation,  when  they  touch  the  sur- 
IWoe  of  the  skin,  Uke  nettles.  The  term 
applied  to  ihcm—acalepha — is  a  Greek 
term  e.xi)re8sive  of  nettieg.  Those  animals 
scarcely  yet  possess  a  trace  of  a  nervous 
s\  stem,  and,  like  all  the  classes  I  have  al- 
ready raentionrd,  :ue  all  aquatic.  They 
are  seen  floating  ttux)ugh  all  the  ocean, 
for  the  most  part  by  the  action  of  their 
own  muscular  power,  or  by  air-sacs,  or  by 
oQia.  They  feed  upon  animals  of  extreme 
minuteness— for  the  most  part  the  micro- 
scopic crustaccous  animals,  which  abound 
in  the  ocean  as  in  other  waters.  The 
waters  conveyed  tintmgh  the  pumps  of 
London  teem  with  crustaccous  animals 
closely  allied  to  crabs  and  lobsters,  and 
which  are  extremely  beautiful.  Tliose 
are  so  abundant  in  the  pools  round  Lon- 
don, as  often  to  change  the  colour  of 
them,  and  they  are  the  chief  food  of  the 
acalepha  in  the  sea* 

We  have  also  to  consider  a  class 
compotted  of  marine  animals,  like  most  of 
ttie  preceding,  termed  eehbtodtmnh  from 
the  circumstance  which  you  observe  illus- 
trated in  the  instance  of  the  atteria*  and 
tcAitttu  before  you.  It  is  also  fllustratcd 
in  the  common  (fpatanyiis  and  cidaru,  and 
many  others  which  we  shall  hereafter  ex- 
amine. They  have  a  sort  of  spiny  skin.  In 
those  echinoderma  we  shall  hud  the  01^ 
ganization  to  have  arrived  at  a  i)rotty 
complex  state,  inir  the  most  part  the 
Structure  of  the  nervous  system  deve- 
loped, is  found  in  the  form  of  a  circular 
chord,  or  douhle  chord,  roimd  the  ali- 
mentary canal.  It  ia  known  to  exist  in 
tliis  form  in  the  asterias,  actinia,  &c. ;  it 
is  known  also  to  exist  so  in  the  last  class 
neniioiied— Ae  mrfgrtet  tHwrethesys- 


19S 

tem  then  has  been  distinctly  obtemd 

the  classes  of  animals  T  have  just  enu- 
merated, it  appears  to  have  a  circular 
form. 

Tlip  term  "cycloneura"  might  servo 
for  the  whole  of  this  group  of  cinsscs,  to 
distinguish  them  so  far  as  their  nervous 
system  is  known.  The  radiated  form  of 
the  body,  however,  which  is  so  n])paront- 
m  many  of  the  polypiphera  and  echino- 
derma, has  caused  the  term  **  ndiata"  to 
be  applied  to  the  whole  of  this  form.  It 
18  so  used  bv  Baron  Cuvieb.  I  shall  not 
use  theworf  "  zoophyta,"  which  is  applied 
by  CuviKR  to  this  group  of  classes  also, 
because  that  term  is  generally  applied  to 
a  single  ^1— 


The  bodies  of  all  the  higher  forms  of  ant- 
mais  support  myriads  of  beings  possessing 
distint  t  vital  properties^diBtinctorgMdzA. 

tinns  Thoy  are  formed  in  the  interior  of 
the  best-protected  organs  of  the  body— in 
the  liver,  the  alimentary  canal,  the  paren- 
chymatous Bubstance-in  the  substance  of 
the  brain  itself.  They  have  geneiaUy  been 
denominated  from  the  position  InwUdi 
they  are  found.  Such  beings  have  been 
called  entozoa.  Now  that  term  you  will 
perceive  is  not  expressive  of  their  organi- 
latioo,  from 'Which  unfortunate  circum- 
stance we  find  grouped  together  under 
the  term  "  entozoa,"  beingi  possessing 
the  most  diversified  structures.  This  is 
a  class  which  has  been  particularly  stu- 
died by  the  late  Professor  Rudolphi  of 
Berlin,  and  the  name  given  by  him  of 
"entOBOB"  is  admitted  by  moet  o^her 
writers.  Prom  the  simple  hydatid^  oqBp 
sisting  of  a  single  opening  leading  to  a 
general  sac,  to  the  complex  lemcea,  all  be- 
long to  this  class  of  entozoa.  Some  are 
found  even  adhering  to  the  surface  of 
other  animalsi  They  are  tami  adiiering 
to  the  lips,  to  Ae  eyesi  aadto  odur  parts', 
of  fishes. 

The  researches  of  Ehrsnberg  show 
that  a  group,  formerly  believed  to  belong 
to  the  daas  of  the  meet  minute  animal" 
cules,  possess  an  organization  eactxeuM^ 

complex.  They  were  characterised  as  ro- 
tifemus  animalcules,  because  they  have 
circles  of  vibratile  ciUa,  which  appear 
like  revolving  wheels  when  they  are  in 
rapid  action,  and  by  these  hahr-like  pro- 
cesses  they  were  enabled  to  swim.  They 
float,  attract  their  prey  with  these,  and 
thus  get  their  food.  They  possess  an  ali^ 
M  2 
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ventBrf  canal  passing  through  ,  the  bodf. 
.They  poaaesa  muacular  faadciili;  tliey 
possess  iiervoua  ganglia,  and  even  a  cere- 
bral or  supra«GPSophagcal  ganglion.  They 
possess  a  vascular  system  pretty  highly  de- 
veloped, so  that  th^axe  ftr  removed  from 
the  polygaatrica,  and  fimn  the  clasaea  which 
.  I  have  already  mentioned.  Tliey  are  d  eno- 
minated rotifera.  Euren'BBII&  has  called 
them  "  rotatoria,"  but  the  term  rotifera 
is  the  one  moat  used.  They  are  distin- 
guished by  their  circles  of  cilia,  some- 
times single,  sometimes  doul)!  ',  which  ap- 

i>car  through  the  microscope-like  revolv- 
ng  wiMela. 

Enclosed  in  multivalve  shells  of  carbon- 
ate of  lime  deposited  in  successive  layers, 
we  find  aiiimaU  whieh  possess  articulated 
members,  and  have  gills  formed  much 
like  those  of  the  crab  aud  the  lob<?tcr, 
which  possess  a  double  nervons  cord,  ex- 
tended along  the  abdominal  surface  of  the 
body.  Those  are  characters  which  belong 
to  the  articulate  classes  of  animals,  and  they 
have  been  denominated  from  the  form  of 
the  feet  cirrhopoda,  Nvhich  you  see  in  the 
specimens  of  the  anatifa. 

The  shores  of  the  sea,  the  moist  sands  of 
cosists,  as  wfll  a"?  the  «oils  of  all  conntrie*, 
are  inhabited  by  myi  uids  oi  wunus,  which 
are  found  to  contain  a  red-coloured  fluid 
circulating  in  arteries  and  veins.  These 
ccastitute  the  "  red  bloody  wonns  "  of 
naturalists— the  "  vwa  A  aang  rouge"  of 
Baron  Cuvier.  The  term  anneiida  is  the 
most  frequently  applied  to  them,  because 
if  you  examine  the  earth -worma  and  other 
annelides,  you  will  perceive  they  arc  sur- 
rounded by  rings,  extending  from  the  an- 
terior to  Uie  fwsterior  part  of  the  hody, 
and  occasioning  fliia  a«ne  to. lie  applied 
to  them. 

The  scolopendns  and  centipedes  possess 

an  ai'ticiilnt!'  bi:i(l\-  r.7iil  two  norvoiis  chords, 


This  class  of  inseets  undergoes,  for  tib 

most  part,  metamorphosis,  from  the  coi 
dition  cf  the  larva  or  caterpillar  to  tl 
chrysalis,  which  passes  to  the  winged  ar  ( 
mal.    They  breathe  from  the  stigma  ( 
that  lead  to  air  tubes  which  ramify  thrauf!  { 
all  parts  of  the  body,  and  are  called  t)| 
secta  from  th^r  divi^d  body.  | 
Insects  ])n«i-;os9  comymnnd  eye?.  The; 
is  a  class  of  aahuals  v.  hich  is  higher  tht 
the  insects,  yet  lower  than  the  cmstaeea — 
it  is  the  class  of  the  spiders  or  arach?iida, 
and  they  are  destitute  of  those  organs  of 
sensation  or  antennae,  which  are  seen  ex- 
tending from  the  first  segment  of  the  body. 
You  observe  in  the  scorpion  that  there  are 
none  of  those  long-j(^nted  antennae  whidi 
you  sec  in  cnistaceous  animal'?,  m3'rinpods, 
and  insects.  The  animals  in  this  class  have 
lieen  denominated  araeknida  from  their 
general  resemblance  to  spider?. 

Insects  l)reathe  atmospheric  air  by  means 
of  trachese  which  are  most  freely  rami- 
fied through  all  parts  of  the  body.  The 
myriapoda  breathe  it  also  by  trachea  i  the 
arachnida  breathe  it.  They  breathe  it 
sometimes  through  those  trachea?,  and 
sometimes  by  sacs,  jnto  which  the  air  is 
conveyed.  In  the  scorpion,  for  example, 
there  are  cavities  on  each  side  of  the  ab- 
domen, into  v.hich  air  i.;  conveyed,  and 
\^hich  have  a  laminated  in lenud  iiurface. 

The  crustaccous  animals  arc  the  spidera 
of  the  sea ;  they  for  the  most  part  are  co- 
vered externally  with  a  solid  calcai'cous 
integument,  which  is  secreted  between  the 
epidermis  and  the  tme  sicin.  It  is  com- 
posed partly  of  the  carbonate  and  partly  of 
the  pbosjibate  of  lime.  They  possess  arti- 
cnhitcd  members  and  articulated  bodies. 
They  breathe  by  means  of  branchiae  or 
gills.  They  have  compound  eyes  like  in- 
sects, and  they  have  tv.  o  pairs  of  antennce. 

It  is  of  great  advantage  to  me  to  he 
perfectly  understood  in  speaking  rapidly 
of  the  distin  t  frrms  and  structure  of  these 


with  ganglia  disposed  at  regular  distances  classes.  When  I  am  uerfectly  understood, 
extending  along  the  abdominal  surface  of  it  gives  me  liberty  tone  much  more  rapid. 


the  body.  They  do  not  undergo  metanior 
phosis.  From  the  number  of  feet  they 
possess,  they  have  been  denominated  mi/'- 
riapoda,  a  term  which  has  been  employed 
now  for  the  whole  class.  The  mjTiapodes 
possess  in  their  internal  structure  an  or- 
ganization doaeiy  allied  to  the  larva  of 
tosects. 

The  class  of  insects  approach  most 
cloaely  to  them,  as  you  will  find  hereafter 
by  examining  tho  stnicturc  which  is  de 
veloped  internaliy;  and  when  we  come 
berc»ftcr  to  etamine  the  nervoua  system, 


and  to  state  minute  dilTcrences  of  orders 
in  particular  groups,  which,  were  I  not 
conscious  that  the  terms  1  use  were  un- 
derstood, I  must  he  obliged,  in  'order  to 
be  intelligible,  to  leave  out.  We  can- 
not, for  example,  speak  cf  insecta  in  the 
sense  of  Linnxus,  who  comprehended  un- 
der that  term  any  animal  that  possessed 
no  VLrtcbi..c,  and  had  articulated  mem- 
bers. Therefore  the  classes  myriapoda,  in* 
secta,  arachnida,  and  so  on,  in  the  system 
of  Linnaeus,  were  all  insects.  It  is  im- 
po-i.^ible,  however,  to  use  language  of  that 


wc  shall  sec  the  nervous  s-ystcm  of  in- I  kind  now,  and  to  be  at  all  minute  in  Our 
sects  changes  (rom  that  of  myriapudes  to  !  descriptions. 


that  of  Crustacea^  ao  that  the  myriapoda 
lioiaesa  a  aimpler  atnictufe  than  the  other. 


Now  vvbcn  wc  examine  the  nervoua 
syttem  of  the  lowest  classes  of  animala, 
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we  find  it  diflbsed  ia  gtobnlM  tbroughont 

the  linrlv.  Those  globules  cmnposo  the 
ucrvou^i  :iy8teni  of  all  auiinala.  In  the 
lower  genera,  all  syttems  of  fho  body  are 
blended  down,  but  in  the  higher  radiated 
atumals  you  begin  to  find  circular  fiia- 
nients  flevclopcd.  In  the  cmstacea,  the 
nervous  system  is  disposed  in  the  form  of 
two  abdominal  chords.  Now  this  form 
can  bc  traccd  from  the  Crustacea  down  to 
the  eutozoa,  and  wc  shall  hereafter  have 
occasion  to  trace  this  system  down  to  its 
•impleat  form  in  the  vertebratcd  embryo, 
Vhere  it  appears  to  be  like  a  simple  fila,- 
ment, — the  first  streak  v  hirh  i-i  s< en  on 
the  ovum  in  the  highest  iovni  ot  uiumals, 
and  which  we  know  to  he  the  rudiments 
of  this  system.  But  it  n'snnies  a  more 
perfect  form  as  it  ascends  and  dcvclo|>8 
the  brain.  Now  taking  thij  nervous  s\  as- 
tern tn  ptvc  ti"?  t!ic  mrlimcnts  of  all  elas- 
aitication,  if  you  take  the  Greek  term 
dSpfe  neurit  that  wotdd  e.Kpres8  tho  whole 
of  the  nrtictjlatcTl  classes.  They  are  most 
frequently,  however,  dcnotnitiuted  ariicu- 
hia;  therefore  I  may  cinplo}-,  indiscrimi- 
nately, those  terms.  The  one  to  my  mind 
is  the  term  which  refer^i  to  the  all-rttliug 
system  of  their  economy. 

Frequently  cast  ashore  upon  the  rocks, — 
driven  ashore  by  the  agitated  states  of 
the  aea,— we  find  animads  possessing  a 
complex  intemal  structure,  and  surround- 
ed extcrnnlly  with  a  soft  transparent  ho- 
niogeneous  tunic.  "U'ithiri  tliat  e.ictcmal 
tunic  we  iiud  a  heart  developed  of  one 
cavity.  We  find  a  nervous  system,  a 
respiratory  system  infha  form  of  branchix 
or  gills ;  we  find  a  stomach,  a  liver,  and 
other  glands,  and  organs  of  generation. 
They  possess  a  structure  closely  allied  to 
the  animals  inhabiting  bivalve  shells. 
They,  are  denominated,  from  their  exter- 
nal tnnic,  funlcata.  The  iiiha1)Itauts  of 
bivalve  shells  form  tho  elass  denoniiuatcd 
conchipfiPt  a.  The  inhabitants  of  univalve 
shells  have  for  the  luoai  part  received  the 
name  of  gasteropoda^  because  you  will 
observe  that  the  snails,  for  examptei  creep 
on  a  innscular  dislc,  which  e.xtends  OVer 
the  lower  sm-facc  of  their  belly. 

Weohscrve  floatingthrout^^h  the  sea,par- 
ticularly  when  calm,  myriads  of  very  deli- 
cate and  transpar«it  animals  belonging  to 
this  molluscous  division  of  the  kingdom, 
which  possess  a  complex  internal  stnic- 
tiire.  They  breathe  by  means  of  gills, 
which  for  the  most  part  are  disposed  on 
the  external  surface  of  the  body.  They 
iwim  to  and  fro  in  tbo  lea }  they  do  not 


creep,  but  swim  by  esctended  membranes, 
^  uch  as  yon  oliaerve  here-'tfae  cUo  bore* 

alls. 

Tn  this  animal  there  are  two  membranes 

on  which  the  pills  are  disposed,  and  by 
the  motion  of  w  liich  they  swim  to  and  fro 
in  the  sea.  They  possess  an  internal  stroc* 

tm  e.  and  are  closely  allied  in  many  respects 
to  the  last  class.  They  constitute  the 
class  denominated  Pteropnda,  from  the 
wing-shaped  ineinbranes  l>y  N\],ich  they 
swim.  The  hitjhest  elass  of  ^ilj  tlie  invcr- 
tebrated  divi&iuu  uf  the  unmml  kingdom 
are  the  Cephalopoda. 

The  next  class  of  animals  to  that  of  the 

fishes  is  denominated  the  Cephalopoda,  u 
name  which  you  observe  thoy  have  re- 
ceived from  the  circorostanoe  of  the  feet 
sunouniliiiL;  tlie  head.  Tho^c  extremities 
iiui  roiiudiiig  the  bead  arc  the  feet  on  which 
the  cei)halopoda  creep* 

When  you  conic  to  examine  into  the 
nervous  system  of  all  these  classes,  from 
the  tunicata  to  the  cepbalo})oda,  you  will 
find  that  that  system  has  its  centre  in  tho 
fonn  of  ganglia  around  the  entrance  of 
the  alimentary  canal,  and  frequently  fonn- 
ing  a  chain  of  ganglia  arotmd  the  oesopha- 
gus. They  might  be  denominated,  to 
connect  them  together,  cyclo-gauyliata, 

/Tlie  study  of  all  classes  of  animals  is 
interesting,  but,  perhaps,  to  the  medical 
student,  who  is  at  all  times  more  inte- 
rested in  this  part  of  tho  course  which 
treats  of  structure  and  functions  than  in 
that  which  treats  of  the  history— the  zo- 
ology— all  parts  are  interesting.  Eut,  pro- 
bably, these  parts  are  the  most  interesting 
which  come  nearest  to  the  human  form ; 
and  he  is  particularly  interested  in  the 
ocphalopodes,  where  he  is  losing  the  in- 
vertebrate form  of  the  lowest,  and  coming 
to  that  vertehrated  form  of  the  proup  to 
which  man  belongs.  He  looks  with  par- 
ticular interest  to  the  internal  hard  parts 
of  the  cephalopodes.  There  he  finds  the 
vertebral  column  not  divided  transversely 
into  dififerent  i)ortions,  hut  the  vertebra; 
S])reair  out,  ni^d  not  so  connected  as  to 
form  a  tube  around  the  gieat  nervous  sys- 
tem, which  is  a  form  that  chwacterises  the 
true  vortebrata. 

The  first  then.  Gentleman,  of  the  tme 
vertehrated  animals,  is  the  class  of  fishes, 
which  by  their  aquatic  life  are  lil  e  tad- 
poles, which  are  never  metamorphosed. 
Their  arms  and  legs  arc  in  the  form  of 
fins,  intended  for  tfaeiriiqiiatic  life.  Tbeiv 


Digitized  by  Google 


PBOF.  GSJJm  A2«IUL  GLAffimCATION. 


WoatUag  orgwtt  am  iaflMfnmofgDlt. 
nwy  poneii^  like  fbe  true  tadpoles,  one 
ventricle  and  one  anride*  TUs  dan  of 
fiahes  is  called  Pisces. 

There  is  a  cla«?H  of  animals  which  are 
frequently  placed  along  with  the  reptiles, 
and    whim  compreheada  13ie  varioni 

forms  of  frogs,  toads,  salamandeni,  and 
tritons*  which  have  not  three  cavitiea  of 
«f  the  heart  like  reptiles,  but  only  two 

cavities,  like  fishes,  an  auricle  and  a  xen- 
tricle.    They  are  amphibious  animals. 
They  breathe  at  first  by  means  of  gills. 
At  first  they  assume  the  fonn  of  fishes, 
so  that  they  are  like  fishes  that  are  des- 
tined to  be  metamorphosed.   The  term 
amphibia,  applied  to  them  hy  Latkeille, 
h  i«  been  adopted,  and  is  now  used  hy  j 
most  who  speak  of  them,  because  they' 
contain  a  group  which  pass  thi'ough  two  | 
conditions   of  life.     Yon   cannf>t  jiljc" 
them  among  other  land  aniuials,  or  ani»ng 
fishes.   For  the  most  part  th^  approach  | 
more  nearly  to  fishes.   To  us,  as  anato-j 
mists,  they  are  deeply  interesting.  We 
shall  here  see  beings  chan^g  in  sll  llieir 
internal  machiniry   from  their  aquatic 
condition  to  beings  which  live  and  breathe 
in  the  atraoapbere^a  metamorphosis 
which  affects  their  osseous  system,  their 
vasoilar  system,  their  nervous  system, 
even  their  digestive  qrttem,  and,  indeed, 
their  whole  structure. 

The  neoct  class,  Gentlemen,  in  the 

cold-blooded  animals  is  the  reptiles,  for 
when  we  ascend  beyond  this,,  w  e  come  to 
the  hot-blooded,  which  oomfwehends  man 

himself,  fiut  in  the  class  which  compre- 
hends all  the  different  kinds  of  serpents, 
crocodiles,  liaards,  and  tortoises,  we  find 

the  heart  to  consist  of  three  cavities,  two 
auricles,  and  a  ventricle.  The  reptiles 
breath  by  means  of  lungs  at  all  periods  of 
tbdr  life.  They  do  not  undergo  the  me- 
tRvnorpho«iis  which  T  have  spoken  of  in 
tue  amplnbia.  They  aiQ  ovipaaous,  cold- 
blooded vertebral  animals,  with  three Gavi- 
tiet  of  the  heart — the  RepiiHa. 

The  first  class  to  be  named  of  the  hot- 
blooded  animals  is  that  of  birds — a  class 
which  may  be  characterised  by  its  ovipa- 
rous nature-^the  heart  consisting  of  four 
cavities,  two  auricles,  and  two  vcntrirleg. 
They  breathe  by  means  of  lungs— they  are 
covered  with  feathers.  Their  anterior 
extremities  are  organised  for  an  aerial  life. 
They  are  denominated  Ares. 

The  highest  class  of  animals  is  that 
Ibat  which  comprehends  man,  and  all 
animals  v.liikh,  like  man,  jjossess  a  vi- 
viparous mode  of  generation.  These 
anlmali  have  a  heart  contistiag  of  fbnr|, 


eavHles— they  have  hot  and  red  Mood. 

They  differ  in  their  exterior  form  of  cover- 
ing from  the  former,  which  is  not  in  the 
fwm  of  feathers,  but  of  hair.  Their  moat 
essential  character,  however,  is  that  of 
their  being  viviparous,  and  suckling  their 
young  by  teats,  and  they  are  thence  called 


Now  tbese  five  dtaases  of  vertehrated 

animals  will  engage  the  greater  part  of 
our  attention  during  the  course,  be- 
cause the  constderation  of  their  organs  ia 

hy  far  the  most  interesting,  hut  still  we 
should  not  neglect  any  of  the  forms  met 
with  in  the  lower  classes.  When  we  con- 
sider abstractedly  the  five  classes  enume- 
rated, we  find  them  singularly  characte- 
rised by  the  condition  oif  their  nervoua 
system.  It  is  no  longer  disposed  either 
in  the  form  of  cords  running  round  the 
stomach  or  below  the  intestinal  canal,  nor 
as  a  chain  of  ganglia  around  the  oesoph- 
agus, but  it  is  contained  in  a  jointed 
earthy  tube  which  is  remarkable  for  its 
solidity.  The  skeletons  of  animals  are 
divided  where  they  arc  hard  — where  they 
are  soft,  they  need  no  division.  Hence 
this  hard  tube  must  be  divided  into 
vcrtehrre,  and  this  contained  spino-cere- 
bral  axis  constitutes  the  central  body  of 
the  nervous  tytUm*  It  consists  of  ahndn 
and  spinn.1  mnrrow-  the  spinal  marrow 
develops  the  brain— the  ajjini-ceredrata 
or  the  term,  perhaps,  more  Ihmiliar  to 
you,  if  you  prefer  the  case  to  the  sub- 
stance (xtntained  in  the^case — the  rer/e- 
brota. 

Now  this  is  all  the  time  1  can  sj)are  to 
this  branch  of  the  subject,  which  is  purely 
zoological ;  but  considering  the  objects 
before  you,  and  the  terms  by  which  1  am 
to  destignate  them,  it  was  right  to  devote 
a  lecture  to  their  explanation,  as  it  will 
now  be  easier  to  follow  me  in  treating  niy 
various  subjects  anatomically,  which  I 
shall  proceed  to  do  to-morrow. 

[This  lecture  was  illustrated  by  select 
zoological  spccimena  of  all  the  classes  of 
animals,  disposed  in  methodical  order  on 
the  tables.] 


The  following  is  a  connected  view  of 
the  classification  adopted  in  the  foregoing 
lecture,  the  order  of  description  being 
reversed 

SpiNi-csaBBaATA,  vel  VBaTsaaATA. 

1.  Mammalia. 

2.  Aves. 

3.  lieptiiia. 

4.  Amphibia* 
6.  Fiseea. 
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CyCLO-GAMOLIATA,  Ve/MOLLVICA. 

6.  Cephalopoda.' 

7.  Ptcropoda. 

8.  Giwtcropoda. 
\L  Conchiphflrft. 

10.  Tuuicata. 

DiPLO-XEURA,  rel  ARTIGtJLATA. 

11.  Crustacea. 

12.  Aracbnida. 

13.  Insecta. 

14.  Myriapo<la. 

15.  Annelida. 
Cirrhopoda. 

17.  Rotifcra. 

18.  Entozoa. 

CrcLO-NEuaA,  vet  Radiata. 

19.  Ecbinodenna. 

20.  Acalepha. 

21.  Polypipbenu 

22.  Fbripliera. 

23.  PoljgMtriGft. 


CLINICAL  LECTURM8 

OH  THE 

STRUCrmtB  AND  J>I«EA8£S 

OF  TVt 

BLADDER,  PROSTATE  QLAMD, 
AND  URETHRA} 

OS  HIK 

DISCOVERY  OP  THE  MUSCULI  RHOM- 
VOIDBI  URETHRA; 

AMD  ON  CATBETERlSlt» 

Bt  Ma.  GimiRIB. 

Grntt.emkx,— The  continual  calls  on 
the  bladdei ,  from  the  beginning  to  the  end 
of  life,  and  the  double  function  which  the 
urethra  has  to  perform,  tend  coii^t-mtl}'  to 
tUcir  derangement.  These  iiioi  intl  tcnd- 
mcies  must  sooner  or  later  develop 
themselves  according  to  the  ordinary 
coune  of  nature,  and  are  often  caused 
to  germiiutte  at  aa  earljr  period,  by  vicious 
practices. 

The  shape  of  the  bladder  has  been  dif- 
ferently described  by  authors.    In  the 

healthy  state  this  viscus  is  capable  of 
great  extension  and  corrcspoudiiig  con- 


•Mr.  GuTHRiK  has  recently  delivered  a 
series  of  lectures  on  tte  anateiDy  and  pas* 
thology  of  the  urinary  organs  to  the  sur- 
gical pupils  of  this  institution.  The  grain 
~  of  tbfl  diaff     here  jireieiit  to 


I  traeffon ;  it  has  a  Uructnre  apparenfty 

I  niemhranous,  and  easily  separable  into 
J  layers.  \\  hen  the  peritoneal  covering  is  re* 
moved,  the  fibres  of  the  external  muscular 
coat  are  seen  to  run  in  a  longitudinal  di- 
rection, and  admit  readily  of  separation 
from  one  another,  and  from  the  muscular 
layer  beneath,  as  the  bladder  is  progrea* 
si  vely  dilated.  The  fibres  of  the  inner  m  uscu- 
lar  coat  run  inaspirai  and  transverse  direc- 
tion, and  are  particularly  well  seen  from 
the  interior  of  the  Madder,  when  in  a  state 
of  hypertrophy.  When  the  bladder  is 
moderately  distended  im  tt/a,  it  becomes 
pyriform,  the  superior  part  is  called  its 
summit,  theanterioraud  posterior  surfaces 
are  more  or  lees  flat,  the  skiee  are  rounded, 
while  the  lowest  i  nrt,  whith  is  decj), 
round,  and  capacious,  is  called  its  base 
or  baw-fmd>  The  opening  of  the  meatus  is 
the  commencement  of  the  neck  of  the 
bladder}  it  is  situated  almost  iu  the  middle 
of  the  anterior  phase  of  the  organ,  and 
opens  abruptly  into  the  area.  This  orifice, 
when  viewed  from  behind,  looks  like  a 
perpendicular  slit.  Behind  and  below  this 
point  is  the  trigone  of  the  Frondi,  which  is 
whiter  and  of  a  denser  and  more  clastic 
structure  than  any  otlit-r  part.  The  apex 
of  this  triangle  is  foinned  by  a  slight  pro- 
jection at  the  meatus,  called  its  uvuloy  and 
the  base  is  marked  by  a  strong  whitish 
band,  which  parses  fi  om  tide  to  side.  The 
ureters  open  within  the  two  extremities  of 
this  band,  and  from  these,  two  other  pro- 
minent bands  indine  towwrde  eadh  onier, 
and  terminate  hy  hcing  inserted  behind 
the  uvula.  The  orifices  of  the  ureters  are 
snrronnded  by  the  peculiar  dense  and 
elastic  substance  which  lies  beneath  the 
mucous  lining  and  muscular  coats  of  the 
bladder.  This  tuperaddtd  fmrie  commenoea 
at  the  base  of  the  trii^one,  converges  to  itS 
apex,  forms,  in  a  great  measure,  the  mouth 
of  the  bladder,  and  appears  to  be  continu- 
ous and  identical  with  the  elastic  incui- 
bmnc  of  the  ureter  The  oriRco  of  each 
ureter  is  small,  and  cannot  be  enlarged 
without  great  difficiUty,  owing  to  the  un- 
yielding nature  of  this  fibrous  texture.  If 
the  ureter  itself  be  enlarged  by  long  reten- 
tion of  tiiine,  the  orifice  remains  of  its 
ustial  '■■h'c ;  but  if  a  stone  descend  from 
the  kidney,  the  vu  a  tergo  of  the  incumbent 
urine  enables  it  to  pass  through,  hut  not 
without  acute  pain.  Instnnrr',  however, 
are  on  record,  where  the  stone  has  been  of 
sueli  a  sise  as  to  become  incarcerated  in 
the  orifice  of  the  ureter,  and  to  produce 
death  by  the  irritation  it  excited.  The 
ureters  have  no  valves  at  tiidr  orifices  to 
prevent  the  reflux  of  urine.  The  ureter 
opens  on  the  peculiar  dense  structure  I 
have  described,  in  order  that  the  orifice 
iday  be  oonitantly  j»atuk»us  \  and  Uie  oIh 
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liquity  of  the  passage  through  the  coats 
came  it  to  be  presaed  upon  and  obli  teratcd 

l)y  the  systole  of  the  l>laddcr  or  its  con- 
teoits,  and  thus  prevents  the  further  flow 
ti  urine  into  it  The  iireter»  and  even  the 

pelvis  of  the  ]<i(hi(  y,  may  become  dilated 
hy  an  accumulatlou  of  fluid,  and  to  such  a 
degree  as  to  destroy  the  stnictnro  of  the 
kidney.*  Nature  can  accommodate  h(^r- 
8clf  for  several  days,  aud  sometimes  for 
weeks,  to  a  total  suppression  of  the  secre- 
tion of  urine ;  and  for  a  very  long  time  to 
a  partial  suppression.  "When  retention  of 
uriuc  takes  place,  the  bladder  will  be  dis- 
tended, but  the  secretion  of  urine  will  be 
gradually  diminished  if  no  relief  be  given, 
it  being  a  part  of  the  economy  oi  nature  to 
protect  tbe bladder  and  urethra,  whicb  are 
more  op^  to  iogury  than  the  qrstem  at 
large. 

The  triangular  space  is  very  vascular 
and  highly  sensible,  compaied  with  other 
parts  of  the  bladder.  It  gives  rise  to  the 
d^ife  of  expelling  the  urine,  and  is  the 
chief  cause  of  suflering  in  cases  of  stone. 
The  idea  that  a  bougie  touches  this  part 
on  entering  the  bladder,  and  thus  gives 
rise  to  the  desire  to  c.xpel  urine,  wliirh  is 
usually  felt,  is  eironeous;  for  when  a 
healthy  bladder  contains  a  moderate  (pmn- 
tity  of  fluid,  a  l>Ottgie  on  its  introduction 
can  only  touch  the  apex  of  this  space,  and 
observation  has  taught  mc  that  tJiis  desire 
takes  place  as  soon  as  the  instrument  has 
reached  the  prostatic  part  of  ti.e  urethra, 
and,  tK)nse(iuently,  before  its  entrance  into 
the  bladder.  It  ia  worth  notice,  that  the 
same  nerves,  viz.  branches  from  the  in- 
ferior mesenteric  and  hypogastric  plex- 
uses, and  from  the  third  and  fourth  sacral 
nerves,  supply  this  part  and  the  trigone. 

The  bladder  in  the  healthy  state,  when 
moderately  distended,  enlarges  downwards 
lowardi  the  rcctiun,  and  the  triangular 
Space  descends,  placing  all  of  it  but  the 
apex  out  of  the  reach  of  any  but  a  curved 
Ijougie.  Tliis  desfont  can  only  tnke  place 
in  a  healthy  bladder,  for  when  diseased, 
this  viscns  loses  in  a  great  measnre  its 
distensibility.  I'xcept  in  health  then,  the 
trigone  does  not  lie  on  the  rectum,  and 
the  bladder  cannot  be  punctured  through 
that  gut.  This  operation  was  founded  on 
the  supposed  fact,  that  the  triangular 


•  A  remarkable  example  of  the  absorp- 
tion of  the  substance  of  the  kidney  was 
recently  shown  in  this  hospital,  in  mssec- 
tinn,  hy  Mr.  Jkxkins  and  Mr.  Env.- ards, 
where,  in  a  dropsy  of  the  pelvis  ot  cither 
organ,  the  structure  was  reduced  to  a 
PK  fc  coriaceous  bag.  This  ])reparation  is 
^  isiblc  in  the  museum  of  the  O^Mhabmc 


space  was  closely  adherent  to  the  rectum  ; 
bat  it  bas  been  shown  that  the  perito- 
neum, instead  of  brine:  rrflcrtrfl  from  the 
bladder  to  the  rectum  at  the  base  of  this 
triangle^  not  unfrequently  passes  on,  as 
far  as  the  prostate  gland,  so  that  a  punc- 
ture would  reach  the  general  cavity  of  the 
peritoneum.  Behind  the  base  of  tbe  tri- 
gone,  the  coats  of  the  Idadder  are  usually 
thin,  but  the  transverse  bauds  of  muscular 
fibres  are  strongly  developed,  and  are 
sometimes  arranged  in  an  oval  direction. 
This  thinness  of  the  coats,  and  the  direc- 
tion of  the  muscular  fibres,  often  admit  of 
a  hollow  being  formed,  in  which  a  stone 
may  lie,  and  remain  midiscovercd.  I  have 
known  as  many  aa  Ji/ly  stones  to  remain 
in  such  ft  cavity.  A  hollow  of  this  kind 
is  a  part  of  the  general  cavity  of  the  blad- 
der, and  is  very  diilcrent  from  the  pouches 
which  are  frequently  found,  and  whicb  are 
hernial  protrusions  of  the  mucous  coat 
through  the  iutei'sticca  of  the  muscular 
tunics. 

The  longitudinal  muscular  coat  of  the 
bladder  is  composed  of  fibres  easily  sepa- 
rable. If  this  coat  be  dissected  off  by 
making  an  incision  nf  tlu'  auterior  jdiase 
from  the  prostate  up  to  the  summit,  it  > 
will  he  seen  that  it  passes  over  tbe  prostate 
and  is  not  confined  to  the  bladder  only. 
As  the  fibres  descend  from  the  summit, 
they  sweep  by  the  ureters,  and,  becoming 
compact,  in  many  cases,  aro  partially  re- 
flected upon  the  ureters,  securing  them  in 
their  insertions.  The  remainder  lie  on 
the  sides  of  the  ]>rostate,  being  partly 
inserted  into  it  and  its  capsule,  and  partly 
i])U>  a  double  tendon  on  the  fore  pai  t  of 
the  prostate,  and  having  a  ramus  proceed- 
ing from  each  side.  These  rami  are  in 
connexion  at  their  upper  part  with  the 
pelvic  fhsda,  and  are  known  -as  tbe  In- 
ferior  liyamentt  of  the  bladder,  and  are 
inserted  into  the  pul>C8  near  its  symphisis. 
If  their  attachment  with  the  pelvic  fescia 
descending  from  the  pubcs  be  dissected, 
some  fibres  will  be  seen  proceeding  from 
them  a  little  anterior  to  the  ))rostate,  and 
lying  in  a  radiated  form  on  the  fore  part 
and  sides  of  that  gland.  These  are  the 
fibres  which  have  been  described  as  the 
compreiMores  ;;ro*/fl/«  of  Winslow.  ^le 
longitudinal  fibres  of  the  bladder  cfinnot 
embrace  the  back  part  of  the  prostate,  on 
account  of  the  vcsieulaj  scmiimlcs;  tliey 
are  therefore  inserted  into  a  tendinous 
line  attached  to  the  posterior  jmrt  of  the 
prostate.  They  do  not,  however,  inva- 
riably teruiiuate  in  this  part,  but  proceed 
in  tbe  shape  of  a  strung  band  into  the 
sulntaiMre  of  the  prostate,  and  are  evi- 
dently inserted,  with  the  ejaculatorj-  ducts, 
which  they  appear  to  surround,  into  the 
vemBKMiSaiiuok  s 
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LECTURE  IV. 

OM  THE  CLAiiSIFICATION  OF  THE 
ORGANS  OP  ANIMALS, 

BcFORR  we  commence  with  the  flrat 

BystcTn  which  enters  into  the  stnictnrc 
ot  the  bodies  of  animals,  I  shall  merely 
enumerate  to  you  the  order  of  succession 
in  which  we  shall  cou'iider  the  whole  of 
the  various  systems,  that  we  may  thus 
baveaa  exact  e  mediod  aa  can  convemoitly  ' 
be  followed  in  the  study  of  r i!)iects  so  nu- ; 
merous  and  diversified ;  and  noasess  every 
advantage  which  It  to  be  derived  from 
method  and  classificalioii  when  Consider- 
ing a  subject  of  so  vast  extent. 

The  organs  of  all  animalii,  like  the  or- 
gans of  man,  have  most  fi  (Miuently  been 
divided  into  thre*"  G:iont  divisions;  the 
one  division  conipit-Ucadiug  ihe  orgaiisj 
which  tend  to  e^labltah  relations  between 
the  heing  itself  and  surrounding  nature ; 
the  second  division,  embracing  the  n)eans 
by  which  tbe  individual  is  enabled  to  con- 
vert foreign  matter  into  it8  own  likeness  ; 
the  third  division,  comprising  not  the 

No.  531. 


mere  relation  of  the  animal  to  surround- 
ing itature,  or  treating  of  its  powers  of 

nutrition  and  maintcrtivJice,  hut  its  adap* 
tation  to  the  continuance  of  its  race. 

Tlie  first  division  comprehends  several 
systems,  which  you  \\'\\\  olis  t  r\'e  arc  taken 
from  the  most  perfect  forms  of  organiza* 
tion ;  and  it  is  convenient  for  us  to  follow 
as  much  as  possible,  a  system  wUch  will 
embrace  all  the  most  complex  as  well  as 
the  simplest  forms.  We  shall  occasionally 
have  to  pass  over  whole  tribes  <tf  animals 
in  our  considcintinns  of  the  separate  sys- 
tems ;  and  in  ircatiag  of  the  whole  range 
of  animali*  we  shall  have  to  omit  various 
groups  or  genera  when  speaking  of  the 
difierent  fonns  of  organs.  We  shall  find 
that  all  animals  do  not  possess  a  com- 
plex niachiuj  i  y,  but  that  the  lowest  are 
extremely  simple.  It  would  be  incon- 
sistent indeed  with  tbe  nature  of  the  de- 
velopments we  observe  in  the  highest 
forms  of  aoimalS)  to  find  that  the  sim- 
plest possess  all  flie  same  systems,  in  a 
similar  hut  minuter  condition.  It  was 
the  opinion,  in  former  times,  that  the  mi- 
nutest forms  of  animals  contained  all  the 
systems  of  human  organization  reduced 
to  extremely  minute  proportions.  This 
opinion  was  the  more  plausible  from  its 
being  observed  that  there  were,  indeed, 
animals  of  extreme  minatoncs«,  rvliich  re- 
quired the  microscope  to  cxunnne  their 
parts,  but  which  yet  possessed  a  nervous 
and  vascular  system,  with  all  the  more 
important  systems  which  we  find  in  human 
organization. 

Now  the  first  system  which  we  have  to 
consider  among  the  organs  of  i  elation,  is 
that  which  is  destined  to  support  and  give 
form  to  the  body,  to  protect  the  soft  parts 
— the  organs  of  support — the  osseous  sys- 
tem as  it  is  termed  w  hen  applied  to  man- 
to  the  mammalia,  and  to  the  vcrt«brated 
cla*!se3  generally.  But  we  shall  find  in  the 
iuveitebrated  classes,  that  the  muscular 
system  forms  a  connexion  with  parts  not 
contained  in  t.\\t  interior  of  the  animal,  hut 
most  frequently  existing  ouhide  the  body 
— covering  tbe  exterior  surface.  Under 
this  system,  therefore,  the  o#w&f*— we 
have  to  consider  the  various  forms  of 
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shells,  both  of  the  moUusooiu  classes  and 
the  articulated  division  of  the  animal 

liingdom, — the  various  forms  of  corals, 
and  the  other  l)ard  substances  met  with  in 
the  radiated  animals,  some  on  the  exterior 
and  some  in  the  interior  of  the  body, — all 
these  we  shall  consider  uuiler  the  divi- 
sion of  the  Orffam  of  ^Support. 

When  the  skeleton  is  composed  of  sc- 
vt»ml  parts,  \vc  find  111  em  connected  to- 
getijer  by  portions  of  a  softer  texture^ 
parts  more  pliable^  and  denominated  in 
the  highest  animiils  "  lig.1m^nt^."  Thi? 
epithet  is  appUe4  to  difiercut  parts  of  the 
skeletons  which  are  not  httemal  or  bdonj^- 
ing  at  all  to  the  vcrtebrated  form.  "W'q 
shall  find  that  in  the  class  Zoophytet  there 
are  parts  (as  in  the  specimens  of  /sir  and 
Coralline  I  now  show  you)  which  are  solid, 
and  connected  with  each  other  by  inter- 
vening pliable  substances.  Wc  see  an  in- 
stance of  this  in  the  common  isis  Jtippur'm. 
We  find  it  even  where  the  skeleton  is 
external.  We  ulso  find  it  iu  the  bi- 
valved  molluscous  animals.  We  see  it  in 
the  nrticulated  animals.  Tlic  unconsoli- 
dated portion  of  integument  serves  to 
unite  fhe  different  parts  of  their  skeleton. 
In  this  class  of  organs  arc  the  active  or- 
gans of  motion,  or  the  muscular  system, 
which  we  have  to  examine,  whether  in  the 
form  of  fibres  or  of  a  homogeneous  sub- 
stance. The  organs  of  sensibility  and  mo  • 
tility  are  the  nervous  system.  The  organs 
of  sensation  arc  next  to  be  examined — 
the  organs  of  the  scn«fs  —  the  apparatus 
placed  at  the  extremity  of  the  nerves,  and 
which  become  less  and  less  developed  as 
we  descend  to  the  lower  grades  of  animals, 
— these  requiring  less  than  the  more 
^vated  forms.  The  latter  being  more 
easily  injured,  from  their  greater  degree 
of  complexly,  require  increased  means  of 
protection,  uul  thus  have  mgre  fully-de- 
veloped organs  of  sensation. 

Tiic  second  great  system  of  organs  is 
that  of  mttrUt<jii,~i\.  system  which  is,  of 
ooursc,  common  to  animals  and  plants ; 
and,  indeed,  so  characteristic  is  it  of  the 
vegetable  kingdom,  that  it  has  been  com- 
monly denominated  the  system  of  vege- 
tative life.  We  see  that  though  plants  have 
not  brain,  muscles,  and  bone?,  yet  that 
they  have  the  means  of  conveying  foreign 
matter  into  their  own  bodies,  through 
inert  vessels;  that  they  liave  a  circulating 
•ystem  which  is  visibly  that  th^  have 
this  even  in  the  separate  cells;  that  par- 
ticles are  moving  in  greet  rapidity  round 
interior  of  those  cells;  and  that  they 
haTO  various  other  gy.items  by  which  tiie}- 
are  enabled  to  move  and  expand  their 
paits,  to  follow  the  direction  of  the  sun, 
And  to  contract  those  parts  again  at  the. 
fetting  of  the  want  and  that  they  have  or- 


gans  of  respiration  in  the  leaves.  And 
this  latter  system,  containing  as  it  does 

the  organs  of  nutrition,  has  been  distin- 
guished as  especially  characteristic  of 
vegetable  lil'e; 

In  this  division  we  shall  have  to  dis- 
tinguish the  organs  of  diypf  'ioiK  the  most 
general  organs  in  the  aaunai  kingdom. 
AH  other  organs  we  shall  find  to  din- 
appear  till  we  hn^  o  come  to  animals  with- 
put  any  other  organ  than  a  common  bag 
for  digesting  matter.  The  next  system— 
the  cAv/j/<?rotM— will  confine  ns  to  a  very 
few  animals.  The  oi^ans  of  circulation 
arc  mocai  more  yrlMy  extended  ttvongh 
the  s(-a]e.  Here  N\  e  shall  find  that  fluids 
at  first  meander  through  the  body  with- 
out distinct  vessels — thatvosds  at  length 
are  formed,  and  that  a  sanguiferous  sys- 
tem is  completed,  by  the  formation  of  a 
heart  to  convey  the  blood  to  the  did'erent 
parts,  and  particiUarly  ia  the  higher 
grades,  carrying  it  to  the  air-cells,  when 
it  is  acted  upon  by  the  function  of  respi- 
ration, whi<»i  brings  the  surrolmding  ele- 
ment more  iramediatch-  in  contact  with 
the  blood.  Thou  we  couiiider  the  organs 
of  ««ere/ioM^the  various  parts  of  the  glan- 
dnlar  apparatus,  whether  Hrvc!n]>e  i  at  the 
SiirfacCi  or  in  the  interior.  The  organs  of 
aiiarpthn^the  lymphatieB,  by  whldi  ^e 
decayed  mnterials  are  conveyed  to  the 
blood  to  be  removed  from  the  body,  and 
the  m^gans  of  ^eerttion^  by  which  they 
are  thrown  out,  whether  by  the  secre- 
tion of  urine  or  othcnvisc,  are  next  in 
order.  After  this  the  teyunmiiary  parts 
come  to  be  considered,  and  these  we 
shall  find  to  be  curiously  connected  with 
the  habits  of  various  animals, — that  the 
feathers  of  bird^  and  the  aealee  of  rep- 
tiles, for  example,  are  beantifidlj'  adapt- 
ed to  the  whole  internal  systems.  The 
feathers  birds  constitute  organs  of 
progressive  motion  of  at  lightness. 
They  are  ordinary  appendices,  developed 
hairs,  thus  increased  by  the  great  extent 
of  the  re>[>ir;iilon,  but  from  their  light- 
ness, from  their  being,  as  it  were,  air- 
tubes  of  a  strong  structure,  they  are  the 
best  possible  organs  for  that  class  of  ani* 
mals.  The  wings  are  better  for  birds  than 
those  of  the  bat  would  he.  You  observe 
also  the  strong  muscles  of  the  organs  by 
means  of  which  they  fly.  So  in  animals 
which  swim.  But  cold-blooded  animals 
do  not  require  to  be  covered  with  a  bad 
eonductor  of  caloric,  like  down  or  hair. 
That  would  he  superfluous.  They  do  not 
incubate.  Therefore,  simple  layers  of 
scales  are  snfTicient  both  for  fishes  and 
reptiles.  The  living  habits  of  nmphihions 
animals  render  the  absence  of  hairs  and 
scales  best  for  them.  Immeried  in  water 
tat  mosithi  togetlMr,  and  In  mxA,  tkty 
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respire  throuc^h  the  sur^e  of  their  skin. 
They  uecessarii^:  respire,  wheu  ia  a  state 
of  torpor  under  water,  through  the  tkin. 

The  last  organs  to  coiisiderefl,  are 
those  by  which  the  race  is  continued. 
The  lowest  tribes  of  animals  present  no- 
thing more  than  the  first  clement  of  tl:c 
generative  system,  whether  you  consider 
aii  these  tribes  as  finnales  or  not,  the  porl> 
foroiis  and  the  polyinferoiis  animals  have 
the  means  of  continning  their  speoirs  by 
the  detachment  of  gelatinous  pai  ta  of  their 
bodies.  No  impregnation  is  required,  but 
portions  are  simply  detached  which  after- 
wards grow.  Other  animals  are  more  com- 
plex* Mid  require  a  passage  for  this  ovum. 
Sometimes  a  fiirther  connexion  with  the 
body  is  {ormed^  a  sufficient  process  to  in- 
&ac&  the  necessary  deveiopment  not  hav- 
ing been  imdergone ;  and  organs  of  excirf' 
ment  are  necessary  to  enable  the  animals 
to  complete  the  ftmetioft.  That  addition, 
nf  1  nurse,  e.^ists  in  those  instances  in 
which  we  find  the  male  and  female  sepa- 
rate. The  male  and  the  female,  in  all  the 
higher  forms  of  animals,  are  at  first  pre- 
cisely the  same,  hnt  thoy  n-'sjime  very 
different  forms  as  thcv  advance.  The 
dltoris,  for  instance,  shrinks  in  the  one, 
and  develops  into  a  penis  in  the  other.  In 
the  organs  of  impregnation  and  concep- 
thm,  therefore,  we  Ind  a  great  resera« 
blance  indeed.  Being  at  first  the  same, 
they  continue  essentially  so,  with  the  ex- 
iseption  of  the  higher  development  of  parts 
in  the  one  cas^  and  the  retarded  develop- 
ment of  them  in  the  other.  These  are 
organs  for  secreting,  conveying,  and  ma- 
turing, the  seminal  fluid  or  the  ovurn,  com- 
prising also  the  organs  of  excitement. 

There  is  a  point  of  consideration  which 
should  be  mentioned  at  the  present  mo- 
ment. In  treating  of  each  of  the  several 
Sjrstenis,  I  must  either  proceed  from 
some  portion  of  knowledge  wmeh  you  must 
be  supposed  already  to  possess,  that  is, 
from  that  structural  form  which  is  most 
liearly  affied  to  the  human  frame  (pre- 
snming  you  to  hare  already  an  acquaint- 
ance with  the  human  structure) — wemnst 
'dAer  proceed  from  that  point  as  a  stand- 
ard of  comparison,  and  then  go  progres- 
sively downwards  through  the  class  of 
qnamnpeds,  birds,  reptiles,  and  fishes, 
to  the  forms  which  are  more  simple,  thus 
graduall/  diminishing  the  complexity  of 


the  different  systems;  or  we  most  take 
the  opposite  plan,  that  which  nature 
adopts.  Nature  h^ns  by  simple  forms. 

The  animal  kingdom  itself  began  by 
the  most  simple  forms,  as  is  attest- 
ed hy  what  Is  fbnnd  in  the  earth.  Gra- 
dually it  became  rnorc  complex.  That  is 
attested  alike  by  sacred  and  profane  evi- 
dence. It  accords  with  the  sacred  writ- 
ings;  it  agrees  with  all  the  t  f-nctn 
di-nw  n  from  the  strata  of  the  earth.  Those 
beiugs  which  occur  near  the  surfiuse  are 
of  raofe  complex  structure,  and  man, 
whose  remains  have  yet  only  been  found 
in  the  newest  strata,  is  the  most  com- 
plex of  all.  In  the  animal  kingdom  n*- 
tiire  begins  v  ith  the  sim])lc9t  forms :  so 
again  with  plants.  You  fin<l  a  little  ve- 
sicle to  he  the  BndeiM  tt  what  i«  ta  he 
formed  ;  hut  the  stnm  t<5  not  comnienccd 
in  the  first  instance.  All  systems  of  or- 
gans hegin  willi  dkehr  most  Utemw^ 
ar}',  their  most  essential  parts,  and  v  c 
coiiid  arrive  at  the  most  essential*  parts 
of  a  system,  either  by  tracing  it  down*  \ 
wards  in  the  animal  kingdom,  or  by  trac- 
ing it  backwards  in  the  march  of  its  deve- 
lopment in  higher  animals,  as  we  shall 
haveample  opportunity  of  seeing  in  every 
system  that  \vill  come  under  our  notice. 

Now  it  is  more  philosophical  u>  com- 
mence with  the  simplest  conditions  of  tfeM 
system?!,  and  mount  upwards  to  their  more 
complex  forms.  It  is,  perhaps,  attended 
by  some  difficulties,  as  it  leads  the  student 
early  to  consider  forms  of  nininals  which 
are  the  least  known,  and  to  conditi«M  <tf 
organisation  the  most  remote  from  flie 
human  frame,  with  which  alone  we  sup- 
pose him  to  be  acquainted.  By  proceed- 
ing ft*om  the  most  complex  forms,  how- 
ever, we  lose  the  order  of  development  of 
the  varions  systems,  and  ;\rv  constantly 
restrained  in  our  account  of  the  develo])- 
ment  of  organs ;  or  we  must  continuall;^ 
suppose  a  prc%noug  knowledge  of  the  sim- 
pler forms  of  animals,  which  have  not 
been  demonstrated.  Nature  in  the  finv 
mation  of  organic  beings,  nnd  in  the  per- 
fecting of  individual  organs,  docs  not  prO» 
ceed  by  lopping  off  parts,  but  by  super- 
adding to  till'  L  cntral  element.  She  gradu- 
ally superadds  to  her  elements  or  organs, 
more  and  more  complex  parts.  Hence  1 
shall  adopt  the  ascending  ordar  Ih  treating 
of  the  various  systems. 


OLAifelBieATltOlt  OV  THB  OmOAWS  Or  AMnf  AL8.- 

Organs  of  support   Osseous  system. 

Organs  of  cormexiott   Ligaments. 

Organs  of  motion  ...•..*•   Muscular  syatmt. 

Organs  of  sensibility  and  motility   Nearvous  svstem. 

Organs  of  lehsatioii   •   Organaof  the  settM 
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2.  Orgatu  ^  NuirUion  or     VegtiaUve  14ft, 

Orcran?  of  (lipestion    Alimentary  canal. 

Oi  gatis  ut  clt>  lification   Cbyliferous  system. 

Organs  of  circulation   •   Saagniferoua  system. 

Organs  of  respiration    Ltings,  branchiae,  ciUtt. 

Organs  of  secretion   Glandular  organs. 

Organs  of  absorption    Lymphatic  system. 

Oru^an;?  of  excretion  •   Kidneys,  skin. 

Organs  of  teguination   Tegumentary  organs. 

3.  OrgmM  Oenerutioit* 

OrfTRT\9  of  imprpgnation    Male  organs. 

Organs  of  conception    Female  organs. 


OBQAMS  o»  msLAnow. 

1.  T%e  Omou*  Sjftlem. 

T  commence  with  the  ort^^an?  of  relaiion\ 
lind  in  considering  thiti  group  of  organs, 
I  begin  with  the  osmows  syt/cm.  This  tt  for, 
however,  fi  nm  being  the  most  important 
system  among  the  organs  of  relation.  The 
knowledge  of  the  animal  kingdom  which 
"we  acquire  by  the  study  of  the  osseous 
system,  is  important  in  various  points  of 
view.  It  is  important  to  the  geologist,  to 
the  anatomist,  to  the  physiologist,  and  to 
the  naturalist.  In  tracing  this  system, 
we  are  carried  down  far  in  the  scale. 
Were  I  to  take  the  nervous  system  in 
this  group  of  organs,  1  should  not  be  led 
0o  low.  By  taking  the  osseous  system, 
liowever,  we  tare  led  from  very  low  in  the 
jjcale  to  almost  all  the  higher  forms  of 
animals,  and  thus  obtain  the  opportunity 
of  iMooming  femiUar  with  all  ttie  forms 
■which  are  presented  by  the  animal  king- 
dom, a  great  advantage  to  us  in  com- 
mencing this  study. 

Now  coiisiilering  this  system  in  an  ab- 
stract point  of  view,  we  find  it  important 
in  aU  forms  of  animals  where  it  presents 
itself  as  n  means  of  giving  attachment  to 
the  organs  of  i>roo:rcssive  motion,  and  as 
a  means  of  giMii^  protection  to  the  more 
soft  and  delicate  parts.  We  find,  particu- 
larly in  the  lower  utiinifils,  innumerable 
Jieings  which  arc  totally  desititute  of  a  ske- 
leton; and  from  knowing  that  in  the  hu- 
jnan  being  there  originally  is  no  skeleton, 
you  would  expect  that  to  be  the  case. 
When  all  the  {larts  of  the  human  body  are 

soft  and  gelatinous,  there  is  nn  cnrthy 
skeleton,  and  often  none  until  a  pretty  late 
jK?iiod,  when  those  parts  which  are  to 
dmstitute  the  solid  system  have  begun  to 
be  formed,  but  not  begun  to  be  consoli- 
dated \)y  the  phosphate  of  lime.  So,  in 
ascending  tlirough  the  skeletons  of  ani- 
mals, we  find  that,  orij^inally,  the  animals 
sue  without  skeletons,  i  here  ib  no  jiroper 
dcelelon  in  the  entire  class  of  animal- 
cules railed  polt/i/axfrica]  nor  at  first  is 
there  any  in  Ihc  higher  dasscs^  although 


afterwards  they  rc(iuire  some  solid  pro- 
tecting shield  to  be  thrown  over  their 
strffiture.  Again,  when  we  eaamine  the 

skeleton  in  the  vrrtchratcfl  clns-vc?,  ^ve  ^gc 
its  gradual  development,  fi-oui  the  soft  and 
csrtflaginom  snbetance  which  llrat  pre* 
sents  itself  in  fi-hrs,  through  all  its  different 
stageSfUntil  we  arrive  at  man  liimself.  Now 
in  nie  riiroplest  form  of  animals — ^the  poly- 
gastric,  though  there  is  no  internal  solid 
part  which  we  can  consider  as  a  skeleton, 
nor  any  secretion  of  shell  on  the  surface 
of  the  lx>dy ;  yet  there  are  partSwUdl  WO 
should  not  altogether  omit  when  9j>enking 
of  parts  that  are  destined  to  give  sup^mrt. 

You  will  here  ])ercei\'e  that  we  have  tO 
use  the  term  "  skeleton "  in  n  vt-ry  ex- 
tended sense,  in  order  to  embrace  all  the 
solid  parts  crftfie  animals  described.  Some 
of  the  polygastric  animals  exude  on  their 
surface  a  secretion  which  agglutinates, 
lays  h<dd  o^  foreign  particles  floating  in 
the  waters  which  surround  them,  and  thus 
form  for  ^emselves  a  partial  ooverioKt 
The  earthy  matter,  however,  is  not  their 
own  produce  —  is  not  due  to  their  vital 
powers,  but  is  an  example  of  what  we 
shall  find  to  be  very  common  in  the 
cla.ss  of  worms  which  form  for  them- 
selves an  adventitious  covering  of  foreign 
matter.  There  arc,  however,  organs  of 
progttsssive  motion  in  these  lower  antmalsb 
and  in  whirh,  as  in  this  instance,  the  sur- 
face of  the  body  is  covered  with  minute 
vibratile  cilia.  These,  you  will  oliserve  by 
the  magnified  drawings  before  you,  are 
disposed  in  regular  sciies.  Isow  in  carr}*- 
ing  the  microscope  over  tlie  surftwe  of 
tliesL'  minute  polygastric  animals,  we  find 
that  they  present  a  striated  appearance, 
as  If  a  network  of  vessds  extended  over  a 
great  p;irt  of  their  surface;  and  in  Sdme  this 
covering  appears  extremely  like  vessels  in 
which  a  homogeneous  fluid  is  in  motion, 
though  no  action  of  the  vessels  themselves 
is  observable.  "N  on  have  that  process 
going  uu,  in  plauti,  without  any  visible 
active  agent  resulting  from  the  contrac- 
tion of  fil)res,  because  thcrt-  is  nothing  (if 
that  kind  in  them.  The  striated  surface 
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of  the  polygastric  animals  gives  attach- 
ment to  the  cilia  by  which  they  move. 
Huhm  ttriae  form  parti,  therefore,  which 
give  support  to  the  nrt^nns  of  prof»Tcssion, 
and  may  be  seen  heie,  in  the  iricAoda, 
and  tome  others.  This  structure  is,  how- 
ever, ejfceedingly  small,  when  compared 
with  what  we  find  in  the  beroe.    In  the 


the  carbon^  of  lime »  in  another  it  is  » 
homy  sttbttanee. 

First,  then,  with  regard  to  the  aflieooas 

skeleton  of  tlie  poriferous  animals.  The 
halmtt  I  now  place  before  you  belong  to 
this  group ;  they  are  poriferona  animalt 
with  a  aUiceous  skeleton.   This  siliceous 


.  «  *  1.1  1.  •  u  I  skeleton  consists  of  minute  spicultr,  {A, 
beroe,  a  magnified  figure  of  which  is  he-,  yjgj^  ^  ^  minute  nee<ile-shaped  crj-s- 
fnrr  you,  you  will  find  Cilia  disposed  in  t^ji^g  particles,  which  an  transpawnt, 
eight  regular  longitudinal  aenesi  andin;^,,^  require  the  microscope  in  the 


theae  very  minitteaninrals,  which  are  about 

three  quarter-  rf  an  inch  in  length,  you 
can  see  with  the  naked  eye  the  tough 
handa  on  which  the  cilia  are  ^posed. 
There  is  no  skeleton  comiwsed  of  earthy 
matter  in  the  class  of  polygastrica,  though 
their  uurface  xa  fi'e<^ueiitly  more  dense  and 
toricated* 

The  next  class  of  animals  i  for  we  have 
to  stop  but  a  ahort  time  at  fireaent  npon 

the  first  class,  as  we  shall  liave  occasion 
to  dwell  more  on  the  polygasthc  animals, 
when  we  come  to  consider  their  more 

complex  sfntctures,  and  the  digestive 
organs  to  be  found  in  them) ;  the  next 
clftsa  of  animals,  the  por\feron*,  is  one 
which  presents  various  a^d  remarkable 
forms  in  the  skeleton.  Tlic  poriferous  is 
that  class  which  comprehends  all  the 
spongy  masses  before  you.  In  this  class 
of  animals  the  body  consists  of  a  cellular 
tissue,  which  is  so  extremely  soft,  and  the 


roination  of  their  form. 

A 


o 
•J 


9 


iO 


Theae  spicidsare  grouped  together  Into 

fasciculi,  and  these  fasciculi  are  disposed 
in  longitudinal  series,  so  as  to  serve  as  a 
general  framework  for  the  whole  anImaL 
glohulea  or  ceHa  of  which' have'  ao  little  1 1%of<^ciciili  are  disposed,  also,  in  such  a 
connexion  with  each  other,  that  when  the  manner  ns  to  surround  the  pores  by  which 


living  animal  is  torn,  the  fleshy  substance 
nma  down  Ulce  oil  from  the  lacerated 

part"'.  As  in  the  common  offi(  in  al  sponge, 
when  torn  from  the  rocks  at  the  bottom 
of  the  aea,  theae  animals  are  found  to  have 
the  fleshy  substance  of  the  body  so  soft, 
and  so  completely  |>ermcatit)g  the  whole 
masa,  that  it  runs  down  when  lacerated 
like  the  white  of  an  egg,  or  like  oil.  From 
thi'^  little  connexion  between  the  com- 
ponent jiarts  of  the  fleshy  substance  of  the 
Ixxly,  and  there  being  no  Irritability,  you 
would  scarcely  expect  those  rapid  motions 
which  are  seen  to  result  from  certain  un- 
known aetiona  which  take  place  in  them. 
The  organs  of  support  are  formed  of  fas 
ciculi  and  bundles  of  fibres.  W  e  And  that 
no  stiroiiltta  which  has  been  employed  in 
Aia  class  of  animals  has  ever  excited  in 
them  the  slightest  sign  of  initability. 
Pressing  them,  burning  them,  tearing 
them, — nothing  has  ever  excited  so  far  as 
is  known  the  least  indication  of  irritability 
in  their  aduit  state.  ><o\v  in  this  curious 
class  of  animals— the  por\ferou«  animals — 
wc  find  that  the  simple  gelatinous  body  is 
supported  bv  a  skeleton  coinpubed  of  dif- 
ferent kinds  of  earth.  In  one  great 
gtonp  tlie earth  ti  nika;  in  another  it  it 


the  water  eutcrti  into  the  interior  of  tho 
body ;  they  aurroand  the  canals  through 
which  the  water  passes  when  it  has  en- 
tered the  body ;  they  surround  the  large 
orifioea  through  which  the  atreams  rush 
when  water  is  to  pass  out  from  the  body. 
These  minute  siliceous  bodies  are  common 
to  theae  animala  with  many  forma  of  the 
raphides  of  plants;  and,  indeed,  wc  are 
speaking  of  a  form  of  animals  which  many 
naturalists  in  t)ie  present  day  are  inclined 
to  re^;ard  as  plants.  We  see  them,  how- 
ever, moving  spontaneously  in  their  em- 
bryo state — moving  with  great  rapidity 
through  the  water,  and,  in  their  adult  s^te» 
although  wc  do  not  perceive  tho  motion 
i  tiuit  causes  the  rapid  currents  ol  water, 
we  see  tboae  currents  rnah  through  their 
bodies. 

Now  these  minute  spiculic  have  regu* 
larly  defined  and  even  beautiful  forms 
which  are  peouUar  to  each  species.  In 
soitii'  they  present  the  form  of  short, 
straigiit,  crystals,  acumiuatuig  to  a  point 
at  one  extremity,  and  obtuse  at  the  other  $ 
sometimes  they  are  acnminated  to  a  point 
at  both  extremities,  sunicttmes  they  are 
slightly  curved;  but  each  form  is  indi- 
oatlve  of  a  particiilar  apedes.  The  aaimat 
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«r1iic1i  I  Bold  In  my  haai  h  flie  Mkm 

panicea.  "\'>'liat  you  look  npon  h  n  mass 
of  silioeout;  8pioul»»  wkk:b»  upon  being 
thrown  into  mmiatlc  acid,  womd  be  de- 
tached from  tlie  auinuil  mass  and  col- 
lect at  the  bottom  of  the  vessel ;  or  if 
you  were  to  use  the  blow-pipc,  andbumoiF 
the  animal  matter,  you  would  get  the  sili- 
ceous gpiculx  alone  (.1  5) ,  You  can  thus 
examine  their  form.  They  are  of  extreme 
minuteness,  being  scarcely  the  fifth  part 
of  a  line  in  length ;  and  \s  hen  you  examine 
them  thus  washed  and  cleaned,  on  a  watch 
glass,  with  a  light  striking  and  shining 
obliquely  upon  them,  they  exhibit  the 
sparkling  appearance  which  results  from 
faeets  of  a  crystal.  It  is  therefore  ex-> 
tremcly  probable  that  they  actttally  arc 
crystalline  bodies  in  which  the  silica  has 
assmned  the  same  natural  fbrm  that  it 
a.ssimies  in  inorganic  substances,  —  the 
appearance  of  a  six-sided  prism,  ter- 
minated by  a  six-sided  pyramid.  You 
have  crystals  of  silica  in  nature,  from 
these  fine  fibrcai  of  R-^hcstos,  Nvhicb  can  be 
woven  into  cloth,  to  the  largejit  masses 
of  rock  crystals,  the  one  beiug  as  much 
crystallised  silica  as  the  other,  the  crys- 
tals, however,  being  so  extremely  fine  in 
the  asbestos,  that  it  even  exceeds  in  deiU* 
eacy  the  spiculse  of  which  1  am  speaking. 
It  is  however  an  important  £act,  thait 
when  w«  have  got  to  the  lowest  ftixma  of 
animals  (and  this  \n  common  to  them 
with  plants),  we  observe  that  in  the  con- 
solidation oir  the  skeleton  the  earthy  mat- 
ter obeys  the  same  laws,  a3  far  as  we  can 
discover,  as  in  inorganic  nature.  The  cal- 
careous matter  which  consolidates  the 
riceleton  in  the  radiated  and  molluscous 
classes  of  ani^nals  has  generally  an  ob- 
vious crystalline  airangement.  It  is  as- 
serted; by  Blainvillk  in  his  lectures  on 
physiolt^,  that  if  you  observe  the  man- 
ner in  which  one  part  of  the  phosphate 
of  lime  is  miited  with  another  m  human 
bones,  yon  find  the  particles  so  arranged 
as  to  produce  a  crystallino  arrangement — 
an  arrangement  which  they  obejr  In  in- 
ort;a7iic  iiature.  AVe  see  nothing  to  con- 
tradict this ;  but  there  are  so  many  coun- 
teracting agents  inflnencing  the  complex 
forms  of  organization,  that  it  is  almost 
impossible  to  trace  in  them  the  laws  of  inor- 
ganic nature.  The  phcuonicua  become  &o 
complex,  the  composition  becomes  so  intri- 
cate, that  it  is  (lifTiciilt  to  t'^ire  tbe  ordi- 
nary operatiuuii  of  physicai  Uiwa  so  high 
in  the  scale.  This,  however,  is  not  a  siiffi* 
cient  reason  f(,r  us  to  couchulc,  as  many 
do  in  the  present  day,  that  tbe  laws  by 
which  organic  substances  are  goveme<^ 
are  something  alt(>f?ctber  dilferent  from 
the  laws  whkh  regulate  inorganic  natui'e. 
Bvoiywbert  the  aaiuml  phuosophejr  and 


the  .clMnust  are  uMldng  encroach  menia 

on  the  province  of  tbe  physiologist.  Every- 
where do  we  find  the  laws  of  natural  phi- 
losophy in  operation  hi  our  bodies.  Varioas 
l*hysical  instrmiurjts  exist  in  animals;— 
acoustic  instruments,  pulleys,  levers,  by-, 
draulic  imtrnments,  wmi  all  their  valveSf. 
moving  powers,  fluids,  &c. ;  but  some  phi« 
losophera  ere  inclined  to  retard  investi- 
gation,  by  assuming  as  a  fundamental  fact 
that  the  laws  which  govern  organic  and 
inorganic  bodies  are  totally  differenti  and 
even  at  variance  with  each  other. 

Tbe  forms  of  these  minute  silioeous 
spiculs  are  important,  should  )oti  ever 
come  to  study  the  natural  history  of  the 
animals  preseutinf  them  \  should  you  ever 
devote  youi*selves  to  their  study,  you  will 
find  that  these  hard  parts,  regular  and, 
definite  in  their  forms,  present  valuable 
characters  for  the  di.scrimination  of  spe- 
cies. Here  is  the  form  of  tbe  luUitta 
patera^  which  I  mentioned  to  you.  Here 
is  another  extremely  common  species, 
which  is  found  in  the  fresh  waters 
around  London— tbe  spomfiiia  friahilis  of 
Lamarck.  It  differs  from  ^e  kalina  pant-, 
cea.  It  ia  acuminated  to  a  point  at  both 
ends  {A  I),  the  other  form  of  haluia  pani- 
cea ))eing  acuminated  only  at  one  end. 
The  large  cup-like  bodies — "  Neptune's 
cups" — which  you  have  seen  in  the  Britith 
JfuMiem,  and  in  the  Zoohgrieal  Soeietif—' 
regularly-formed  cups,  three  or  fom*  feet 
in  height,  and  with  a  diameter  sometimes 
of  more  than  a  foot— these  are  animals 
belonging  to  this  group,  and  they  have  a 
skeleton  composed  of  silica.  The  form 
of  their  spicids  is  that  of  a  pin,  with  a  head 
at  one  end,  and  a  point  at  the  other  end 
(A  7  '  Sf>  that  these  minute  spiculr»i,  rc- 
quinug  a  luicroaicope  to  see  them,  would, 
though  brought  at  the  point  of  a  pin  from 
the  most  remote  part  of  the  eai  th,  serve 
to  identify  the  animal  to  wliich  they  be- 
longed. 

In  another  form  of  thc?^  anin)als,  met 
with  in  the  layers  of  oyster  shells,  the 
etiona,  we  find  a  spicnium  approaching  to 

tli.tt  of  the  fiallna  jialera.    It  is  in  the  form 

of  a  pin,  having  a  bead  at  one  extremity 
and  being  pointed  at  the  other.  But  in, 

comparing  the  spiculum  of  this  animal 
witli  the  last,  you  perceive  a  strikin£»  dif- 
ference. ITie  one  is  cylindrical  liirough- 
out ;  that  of  the  cliona  is  fusiform  in  the 
iiiifldlo,  and  tapering  to  the  ends  {A  (ij. 
These  are,  no  doubt,  minute  dificrenccs, 
but  when  examined  they  sen'e  as  impor- 
tatit  cfaaxactera  in  distinguishing  tbe  spe* 
cies. 

Now  the  tpieuls  which  I  have  men* 

tionedare  c  1:1  ctcdand  retained  together 
in  the  form  of  groups  or  continuous  fibres, 
by  being  b(9ld  w  aggregation  by  weai^  of 
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a  ooodeiMed  put  of  the  general 
gfflatinjww  •obsiauce  of  the  body ;  so  that 
although  the  gehUinout  body  itself  has 
bceu  rcuioved  Iroin  the  tpiculas  yet  you 
peioeiva  that  they  do  uot  fall  down,  that 
they  arc  not  detached  from  carh  other. 
A  kind  of  cartilaginous  subtttauce  em- 
hudies  all  the  spiculse  and  givet  italMlity 
and  a  certain  degree  of  flexibility  to  the 
uhole  masji*  Now  there  are  before  you 
various  faarmM  which  them  liliceont  ske- 
etons  assume.  Somctinna  the  animals 
are  branched,  ramified,  hanging  from  the 
under  anrfiwe  of  rodts;  somenmes  they 
•re  in  the  fonn  of  cups,  which  generally 
hang  from  the  rocks  in  the  sea;  some- 
tunes  in  the  form  of  encrusting  masses 
over  rocks,  shells,  or  other  submarine  sub- 
stances. You  obsenc  thut  these  shells 
before  you  are  co\  ercd  with  crusts  com- 
posed of  this  material.  From  the  one  I 
now  ]ircsent  to  your  view,  the  nuft  i^cla- 
tiuoiui  part  has  been  removed,  and  the 
silica,  with  the  cartilaginous  substance 
embodying  it,  only  me  left. 

Now  were  w  e  to  refer  the  consideration 
of  these  substances  to  the  geologist,  we 
should  famish  him  with  a  curious  subject 
ftr  reflection.    No  fbssil  is  more  abun- 
dant iu  the  chalk  formations  of  England, 
and  indeed  ia  all  countries  where  chalk 
occurs,  than  siliceous  bodies  of  a  bulbous 
irregular  form,  composing  the  chalk-flints. 
Those  afUceottS  bodies  have  belonged  to 
animstia  of  the  dais  of  vluch  1  am  now 
■ptntrifTg-        poriferous  animals.  The 
pores  you  have  almost  lost  sight  of  in  the 
fossils,  but  you  perceive  the  large  orifices 
from  which  the  currents  of  water  before 
Ml eiitioned rushed.  These  bodies,  although 
found    fossilised   in    the    carbonate  of 
lime,  arc  fossilised  with  siliceous  mat- 
ter, and  they  are  converted  into  flints. 
Silica  is  found  in  the  water  which  ])er- 
meatcs  the  strata  of  chalk,  and  you  know 
that  every  substance  is  soluble  fai  water. 
Silica  is  soluble,  though  proportionally  in 
small  qiiantitics.   The  waters  containing 
the  siliceous  matter  permeating  the  chalk 
strata  for  thousands  of  years,  and  coming 
through  the  ^strata  of  carbonate  of  lime, 
have  no  particular  inducement  to  pait 
with  the  siliceous  matter  like  that  which 
they  have  when  the  siliceous  matter  comes 
in  contact  with  a  nucleus  of  silica  al- 
ready existing  there  in  the  skdetons  of 
poriphera.    You  will,  perhaps,  say  that 
the  ecAintu  bus  no  silica.  But  its  intestmcs 
are  filled  with  silica.    Substances  wUl 
adhere  to  particles  of  their  own  likeness. 
Siliceous  particles  will  pass  the  carbonate 
oflfahc^  hut  win  attach  themselves  to  sili- 


ceous particles.   Thus,  then,  we  And  a 
Ibr  the  abundance  of  those  pori- 


ferous animals  in  chalk  formations.  It 
is  owing  to  their  siliceous  nature,  and  that 
is  the  reason  of  their  being  converted  into 
flints,  which  yon  know  are  siliceoiui 

matters. 

Some  of  the  poriferous  animals  have 
skeletons  composed  of  the  carliouate  of 
lime,  .and  all  ^e  known  ftmns  of  the  she* 
leton  of  the  poriferous  animals  which  are 

composed  of  the  carbonate  of  Hmc,  are 

corapo3e<l  likewise  of  spicnhe.  I  now 
place  before  you  animals  belonging  to 


this  group  having  a  skeleton  composed  of 
carbonate  of  lime,  and  you  see  that  in  con- 
sequence they  are  white.  This  is  the  /«<- 
conia  nivea,  as  1  have  called  it.  This  is 
the  huctmia  eewpreasa  {B  4),  and  I  believe 
that  term  has  been  adopted  by  Blain- 
ville.  These  forms  possess  the  same  sim- 
ple gelatmous  con<ution  in  their  fleshy 
substance -have  the  same  pores  (/?  4,  a  a) 
on  their  surface— liave  the  same  canals 
permeating  them,  and  the  same  fecal  ori- 
fices {D  4,  b)  from  which  the  currents  of 
water  rush  which  pass  through  them 
{B  4,  d) .  They  arc  permeated  in  all  dii«c* 
tions  by  minute  spicula;  of  the  carbonate 
of  lime.  These  spiculae  of  the  carbonate 
of  lime  have  different  forms  belonging  to 
the  same  apades*  In  all  the  known  forms 
of  these  calcareous  i)oriferous  animals, 
a  spiculum  occurs,  having  a  tri-radiate 
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fonn,  8uch  as  that  which  1  now  place  be- 
lore  you}  a  spiddidtt  oonpoied  of  three 

C 


rays,  radiating  at  equal  angles  from  a 
centre  (i2 1,  CI  c,  2  6).  Now,  that  spi- 
oalvm  oocan  in  comMnatioa  with  other 
ftnnt  of  spicula.  Sometimes  it  occurs  in 
oomhination  with  a  spiculum  of  a  clavate 
form  (B  2) ;  that  is  the  caie  in  the  lenco-' 
nia  compressa.  In  other  cases  it  occurs 
in  connexion  with  a  spiculum  of  a  quadri- 
i-adiatc  form,  with  four  rays  (C  1,  b) 
instead  of  three  $  and  other  forms  also 
present  themselves,  so  that  we  must  take 
all  the^e  spiculiC  of  each  bpccies  into 
our  oonsidenlion,  and  they  afford  as  va- 
luable a  character  for  the  diftinctioii  of 
the  diftereut  species.  These  spicuhc  are 
connected  together  lilce  the  silica,  by  en- 
veloping  cartilaginous  substance.  These 
calcareoas  spicuUe  surround  the  pores,  the 


canals,  the  fecal  orifices;  they  give  sta- 
bility to  the  whole  texture  of  the  body,  and 
general  form  to  each  species. 

There  is  another  form  of  Blceleton  in 
this  class  of  animals,  which  is  very  differ^ 
eot  from  the  others.  It  is  that  which  w« 
see  in  the  officinal  tponge  (D  2).  Here 
the  spiculse  are  composed  of  homy  flexi- 
ble snbttancei,  where  there  is  neitber 
silica  nor  carbonate  of  lime.  The  skele- 
ton is  composed  of  spicnhe  of  a  homy 
substance,  which  run  into  each  other,  and 
fonn  a  horny  network  D  1,  a)  through 
the  whole  body  of  the  animal.  In  the  inte- 
rior of  these  homy  spicula  there  is  the 
tubular  cavity  {D 1,  6*),  which  is  common 
to  them  with  the  siliceous  and  calcareous 
spicule  which  1  hold  in  niy  hand.  These 
hmny  tpiculae  unite  and  form  fibres  wbidi 
surround  the  pores  (I)  "2,  n}  ;  they  sur- 
round the  orifices  (Z>  2,  and  they  give 
form  and  stability  to  the  whole  mass  They 
have,  therefore,  the  same  relation  to  these 
species  as  the  calcareous  and  siliceous 
spicnhe  which  I  have  already  mentioned. 

I  have  said,  that  in  tli'o  interior  of  these 
fibres,  or  homy  spiculs,  there  is  a  cavity. 
This  canty  exists  also  in  the  siliceous 
t'orni  of  the  sjiiculuni.  It  exists  also  in 
the  calcarcotis  form  of  the  spiculum. 

This  detached  spicular  arrangement  of 
the  eaithy  orsolid  pai-ts  through  the  whole 
gelatinous  or  celhilar  tissue  of  the  jjori- 
pAera,  reminds  us  of  the  first  connucuce- 
mcnt  of  ossification  in  innumerable  de- 
tached ])oints  of  ossific  matter,  in  the 
fictus  of  man  and  all  hieher  vertebraJa, 

Now  these  are  the  forms  presented  by 
the  siliceous,  calcareous,  and  homy  skele- 
tons of  the  poriferous  animals — the  three 
principal  ^ups  of  this  class,  and  youca^ 
judge  of  the  substance  which  results  frfMB 
the  uuion  of  all  these  minute  spicule,  and 
their  grouping  together  to  fonn  a  frame- 
work—a  coveriii,^  and  icalRDldin^  loir  tho 
wliolo  boily,  iVoul  the  numerous  sped- 
uieub  of  the  aiiiamls'  before  us. 

To-morrow  I  proceed  to  the  next  ^la^. 

CABB  or 
HiBMATEMBBIS» 
WITH  mnfAUKs  ON-  THi.  FinrcTioN  or 

TIIK  SPLKKN. 

Bjf  FaKOERiCK  CuMMUfo,  M.J)^  Dtmim, 

Having  read  in  the  number  of  Tbs 

L.iNCET  for  l.'jth  December,  1R33,  nn  ac- 
count of  a  case  of  ha'mateniL  sis  timtcd  in 
St. Bartltolomew's  Hospital  i*y  Dr.  Latham, 
I  am  iiuluced  to  transnut  to  the  Editor  the 
foUowiui?  account  of  a  fatal  c«ise  of  that 
diMase  which  occurred  in  my  practice  in 
JiilM  iMt,  in  the  h«r«  <^iti  - -4--— 
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LECTURE  V. 

OK  THE  ORGANS  OP  SUPPORT  OF 
FOI«YPIP£ROl?S  ANIMALS. 

The  skeleton  of  the  next  class  of 
animals,  Gentlemen — the  class  of  Zoo- 
phytes,  or   Polypifera— presents  much 
greater  variety  in  its  construction  and 
form  than  the  skeleton  of  the  class  we  last 
considered.    The  plaut-likc  furn^  which 
we  SAW  w  marked  in  the  skeletons  of  the 
soft  poriferous  aiiinials,  \\hirii  we  Were 
examining  yesterday,  is  still  more  mai'ked  j 
in  Che  class  of  zoophytes.  The  nuroerom  | 
examples  of  lithoj)h\  tts  anrl  keratophytes  j 
that  are  before  you,  will  convince  you  of. 
the  remarkable  resemblance  tlay  present,  i 
in  their  outward  forms,  to  the  forms  fa-  i 
miliar  to  you  in  the  vegetable  kingdom.  | 
Indeed,  the  iirst  announcement  that  those  | 
gorgonte  and  ^ tertiilariie  I  hoKl  in  myj 

h-w.iX  are  carnivorous  anirnnlM,  and  t^l^^ 
tbcy  feed  upon  living  prey,  would  iic,  an»l 
was,  calculated  to  excite  some  astonish- 
ment before  thoy  were  thoroughly  investi- 
gated~l>eforc  their  digestive  organs,  the 
organs  by  which  they  seize  their  prey, 
and  the  means  of  conveying  it  to  their  di- 
gestive organs,  were  minutely  e.vaiuiuod, 
and  they  were  formerly  deacribetl  as 
plants;  hut  imw  the  circ-uMi-.tance  is 
beyond  doubt  thai  tbey,  liice  tiie  pre-  i 
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ceding  class,  belong  to  the  animal  king- 
dom. 

We  have  not  yet  ar^i^'ed  at  that  stage 
of  the  auiiual  kingdom  when  the  skeleton 
itself  beoomee  an  organiied  rabstanoe 
which  can  grow  and  be  renewed,  which 
can  be  permeated  by  absorbents,  and 
where  mh  matter  can  he  deposited  hi  the 
place  of  the  materials  reraovrri  by  lyri>- 
phatic  vessels ;  we  have  long  yet  to  wait 
till  we  come  to  heings  of  that  elevated 
character.  We  meet  with  them  first  in 
the  lowest  fishes,  or  among  the  cepha- 
lopods.  We  are  now  speaking  of  ex- 
travascular  skeletons,  consisting  of  un- 
organised materials  generally  of  an  earthy 
matter,  most  frequently  of  the  carbonate 
of  lime,  although  the  photphate  is  alao 
foanl  ill  thcui.  These  materials  are 
exuded  Irom  the  surface  of  the  body,  or 
into  the  cellular  texture  of  the  interior; 
and  these,  wIicIIilt  on  the  surface  or  in 
the  interior,  form,  as  in  the  highest  ani- 
mals, the  tdid  framework  <tf  the  whole 
body. 

In  the  class  of  zoophytes,  then,  you  are 
not  to  look  for  that  fibrous  arrangement 
of  the  earthy  matter  which  you  know  to 
exist  in  the  skeletons  of  man,  and  of  all 
V  ei  iebrated  animals  where  there  are  capil- 
laries of  bloodvessels,  where  there  are 
absorbents  and  nervous  filaments  pene- 
trating through  all  pai*ts  of  the  fibrous 
t^ore — that  is  an  organised  texture. 
The  fibrous  texture  of  the  shells  of  the 
radiated  and  molluscous  classes  is  crystal- 
line and  extravasctdar.  The  subjects  we 
are  now  treating  of,  and  which  we  shall 
continue  to  be  engaged  with  till  we  rise 
to  near  the  vertebrated  classes,  are  of  a 
more  hMUOgeneous  and  compact  nature ; 
and  when  once  fbe^c  component  particles 
arc  exuded,  they  a:  o  scltioui  removed  or 
atouled.  lliey  generally  remain  perma- 
nent, on  the  points  of  the  sl<eletun  where 
they  wore  originally  deposited,  tliough 
sometimes  they  are  agiua  diminished  by 
the  ( ontact  of  the  living  part^  where  there 
is  much  iiiction. 

Now  as  we  examine  these  skeletons  of 
the  pol^piferom  animals —those  which 
have  poi^'pi,— our  curiosity  will  uaturaU| 
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be  excited  to  know  how  the  skeletons 
oould  come  to  be  <tf  tuch  enormous  sizes 
as  we  find  them,  without  having  absorb- 
ents, or  a  capillaiy  vessel  of  any  kind, 
permeating  their  texture.  They  are  as 
inorganic  as  the  rock  on  which  they 
are  fixed,  and  yet  we  sec  that  the  animals 
do  grow  for  a  long  period,  increase  in 
bulk,  and  Itv  their  riitiltit'idluoiis  abun- 
dance, partioulaily  iu  the  iK)utbem  hemi* 
spliert;,  pave  the  bottom  of  ^e  South 
Seas. 

But  to  proceed  more  minutely  into  the 
examination  of  the  skeletons  of  these  poly 
piferoos  animals — these  zoophj  tes.  We  see 
at  once  the  vcrj'  obvion<!  distinction  which 
was  early  mode  by  anatomists,  of  those 
which  hare  a  homy  text  m  e,  and  those 
which  have  an  earthy  axis ;  the  one  group 
was  called  keratojihyteSf  and  the  other 
Ufhftphytet^  Greek  names,  expressive  of  the 
horny  state  of  the  one,  and  the  stony  nature 
of  the  other.  Now,  as  we  arc  ascending 
to  man,  vse  shall  take  that  group  which 
leads  us  lowest  down  in  the  skeleton  of 
these  zoophytes — the  homy  di^nsion. 

These  horny  skeletons  are  composed  of 
a  bigfaly  co&daiMd  gluten  or  hardened 
albumen,  and  are  sometimes  placed  on 
the  exterior  of  tlio  lleshy  substance  of  the 
aiilnials,  as  they  an',  in  the  specimen  I 
hold  in  my  hand — tlu-  crtmpnnvlrria  (El, 
a  2*).  It  is  the  same  with  many  of  the 
odiaric',  with  aJl  the  sertularis,  plnmu- 
larix,  antennuhirijc,  and  others  which 
are  the  chief  zoophytes  that  inhabit  our 
latitudes  of  the  ocean.  In  ril  parts  of  onr 
coast,  you  will  find  the  uiarine  ])lants  and 
animals  that  have  Iain  some  time  at  the 
bottom  of  the  sea  to  become  covered  with 
soft,  flexible,  beautiAiIIy-ramified  animals, 
like  thr<5e  before  you.  All  those  are  from 
our  own  coast.  A'ow  the  skeleton  in 
some  of  these  bomy  species  is  so  soft  and 
flexible,  that  you  would  scarcely  consider 
it  at  first  to  be  of  a  homy  texture — it  is 
more  like  filaments  of  a  soft  ear^ginous 
snhstance.  That  is  particularly  the  case 
with  the  skeletons  of  the  alcyonium  and 
lobularia.  Here  are  alcyonia  just  like 
plants,  but  the  skeleton  is  s(j  soft,  that  you 
perceive  it  gives  no  stability  to  the  whole ; 
it  is  flexible  in  the  extreme — soft  ai  the 
softest  piece  of  leather.  These  fpecillMin 
nre  from  Margate  ;  indeed  there  are  my- 
riads of  them  t'vcT\  where  on  our  shores — 
cart-loads  of  tlum  along  the  island  nt 
Sheppy  iu  the  Thame<«,  so  that  you  have 
every  fjociltty  of  btcoming  acquainted  with 
them,  and  of  ascertaining  the  truth  of  the 
many  curious  detail's  to  be  laid  before  yoxi 
regardiiig  their  anatomical  structure,  and 
their  whole  living  economy. 

Tn  the  skelpton  of  the  aleyoniuin  you 
find  the  substance  soft  aud  flexible,  and 


in  the  form  of  fibres,  anastomosing  to 
form  the  boundaries  of  the  cells  or  ca- 
nals in  which  the  polypi  are  lodged. 
This  horny  texture  brings  us  therefore 
very  dose  to  the  horny  structure  which 
we  mentioned  in  the  third  group  of  the 
poriferous  animals,  that  group  which  com" 
prebends  the  offidnal  sponge,  where  the 

whole  skeletnn  forrjjo-i.-i!  of  hnniy  tiihti- 
lar  spicula:  anastomosing  with  each  other, 
and  permeating  which,  throughont  every 
fibre,  there  is  formed  hut  one  caiial.  Now 
this  is  titc  nature  of  the  soft  filamentous 
skeleton  of  the  alcyonium.  This,  however, 
is  hut  a  rare  form  of  the  skeleton  iu 
the  class  of  zoophyte?) ;  it  helonj^s  to 
that  small  gioup  which  so  much  resem- 
bles plants,  tliat  even  the  distinguished 
Professor  LAMOURorx  described  some  of 
them  as  plants,  in  his  quarto  work  upon 
the  plants  of  tiie  tea.  The  homy  flexible 
axis,  however,  placed  on  the  surface  of  the 
body,  is  that  which  is  most  common  in 
the  polypiferout  animala  fliat  abound  on 
our  own  coast*  Let  ns  take,  as  an  exam- 


ple, one  wtiich  is  extremely  common— the 
campanuMa  dielMoma^  so  called  becaaia 

its  cells  fE  1,  b)  are  formed  like  a  bell, 
and  its  bnmchei  divide  into  two.  Ym 
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tor 


perceive  that  it  htti  vefymuch  the  appear- 
•ance  of  a  plant,  having  a  stem  and 
branches,  andhai^g,  before  it  wnbrolceB 

from  the  rock  or  the  oyster-shell  to  which 


ftihstance,  when  once-  cTiulefl,  nn  Tnngt»r 
grows.  Yoo  perceive  that  in  the  animal, 
tiie  KMrer  part  of  the  etem  of  the  bodf  ie 

thin,  as  it  was  when  young,  anf!  that  as  it 


it  adhered,  spreading  filaments  like  a  root.  I  advances  to  maturity,  the  upper  part  of 
There  ia  no  particle  of  ve^table  matter  I  the  item  graduany  beoomet  tiiicker.  StiU 


however  in  its  body.  Now  the  animal  yon 
look  upon  is  the  living  fleshy  substance 
(JS  2,  t)  contained  within  each  portion 
of  the  horny  ramified  substaaoe  (E 1  a,  2*) 
which  is  here  dried  and  spread  out.  You 
are  looking  upon  a  rainitie<l  homy  tube 
'(S  1,  0',  in  all  the  interior  of  which  was 
contained  soft  animated  flesh  which  sought 


there  is  a  fleshy  part  extending  through 

the  extremely  slender  base  of  the  stem  ; 
and  through  the  whole  of  Ufe^  the  vitality 
in  this  granular  or  cellular  fleahy  par^ 
even  nf  the  roots,  is  retained. 

This  homy  axis  is,  in  many  of  these 
flexible  homy  apeoiea,  divided  hy  joints 
\E  1,  /).  These  are  partially  rcpreTnted 


nourishment,  and  seized  and  digested  its  i  in  the  sertuLariae  and  plumulariae  {F'^t « 
prey  for  Ita  mdntenanoe.  When  we  take  |  by  parts  like  atricturea  aurroun^f^  tba 

a  portion  of  this  branch,  and  examiiu^  it  branches.  In  many  of  the  more  Foh'd  <;pe- 
through  a  microscope,  we  can  perceive  jcies  of  these  animals,  however,  particu> 
ilnt  we  homy  anhstanoe  covers  even  the  j  larly  of  die  iiit  hippuru,  the  jointed  ap- 
fleshy  filaments  that  form  the  bond  of!pearances  are  still  more  marked  {Glyb). 


connexion  between  the  ai^imal  and  the 
rock  {E  1,  e), — all  the  homy  transparent 
•idntance  which  in  this  magnified  diagram 
covers  the  doi-ker  fleshy  retitral  portion 
you  see  developing  in  diilerent  parts  of 
the  BurfiEice  into  digestive  sacs  {E\,d). 
I  mentioned  before  that  the  fleshy  part 
develops  itself,  in  zoophytes,  into  sacs  or 
pol jrpi.  They  arecaUsd  polypi,  because  they 
have  numerous  feet  7?  1,  around  the 
mOHths,  by  which  they  seLce  tihcir  prey 
and  convey  it  into  their  mottOiawl^en  they 
have  brought  it  aufficieiifly  Mar  by  vibrat- 
ing their  cilia. 

All  the  homy  avhstanoe  which  you 
'  aee,  ia  feRnedonly  by  the  living  flesh,  for 
if  von  remove  the  living  flesh  from  the 
body  of  these  aniinalji,  you  will  find  the 
remaining  portion — the  skeletons— cannot 
form  the  flesh,  but  that  the  fleshy  part 
will  form  the  horny  sheath,  by  exuding 
it  on  ita  anrface.  Here  then  the  fleahy 
parts  of  the  roots — the  base  of  attachment 
— extend  through  homy  tubes}  and  in 
proportion  as  the  fleshy  parts  extend  from 
-^e  delicate  terminal  films  which  you  iliay 
trace,  they  shoot  out  into  this  arborescent 
fbnn  which  I  now  ahibit  to  you.  This 
organ  of  attachment,  like  a  root  [E  1,  c) 
insinuating  it^oM  into  all  the  minutest  in- 
terstices, as  m  the  case  of  a  plant,  fixes 


The  homy  stem  of  this  campanularia, 
contains  a  fleshy  body,  which  increases  till 
maturity,  but  not  afterwards.  The  eac- 
treme  jioints  of  the  homy  axis  in  every 
direction  are  soft,  and  not  at  all  of  the 
same  dense  character  with  the  parts  to- 
wards the  middle  and  the  base.  It  is  by 
this  softness  of  all  the  free  terminations 
that  the  whole  intaraal  fleahy  anhataftea  ia 

enabled  to  extend  its(  If,  and  to  give  rise 
to  those  terminal  developmrats,  or  polypi 
wldch  are  tieoesaary  for  ita  noiitMMh«nt 
and  its  habits.  Observe,  then,  it  has 
risen  at  its  commencement,  and  for  some 
time,  from  the  root,  with  nothing  but  ft 
root  and  a  rtem,  TlMva  waa  not  a  cell  at 
first  for  a  polypus.  kfXer  a  certain  time's 
growth,  during  which  you  will  remember 
there  was  no  polypus,  the  cell  {EX^f), 
and  at  length  the  polypus  (E  1,  h),  are 
formed,  and  thus  it  ai'rives  at  maturity ^ 
when  it  displays  great  aotlvi^  in  aaialng 
its  prey,  and  rapidlj''  devouring  it  (£  1, 
i  i  iy  F  '6t  c  ^  you  observe  represents 
ed  in  the  drawings.  It  was  oraioeivad 
that  those  sacs  called  polypi  had  some 
kind  of  independent  existence,— that  they 
were  so  many  animalcules  or  minute 
worms  d^trilNtted  over  the  macbc^  and 
which,  hy  some  extraordinary'  simultane- 
ous action,  hud  ilieir  aoiid  and  hornv  edi- 


Itadf  into  lSb»  lOOk.  Thus,  too,  it  has  the  fices  consti  lu  ted  on  a  regnlar  plan.  This^ 


means  of  secnrcly  extending  itself  greatly 
-upwards  £i-om  the  rock.  It  exteud^i  the 
fle^y  siriiBlance  vpwarda,  from  its  cen- 
tre, which  in  the  same  manner  exrides 
irom  its  surface  a  liquid  albuminous  mat- 
ter,—at  first  soft  and  transparent,  but 
which  after  a  short  time  her  ines  con- 
solidated, and,  in  proportion  to  the  time  it 
-remains,  becomes  mora  md  more  dense 


though  absurd,  was  long  believed,  from 
the  high  d^ree  of  vitality  possoBsed  by 
the  digestive  aaca  or  pol3rpi. 

Now  the  homy  sul  stance  develops  or 
expands  when  yet  soft,  and  forms  these 
carapattolate  ceUa.  The  caA1»m  Hm  homy 
substance  vary  in  their  form  in  each  spe- 
cies of  these  zoophytes,  and,  in  a  zoologi- 
cal point  of  view,  this  is  of  gi^t  impocw 


This  I  have  chiefly  ascertained  by  watch-  \  tance,  because  many  of  these  animals  are 


ing  the  development  and  growth  of  the 
bryo. 

I  tens  iMnttDikad*  lliii  hotay 


so  much  alike,  that  the  naturalist  has  a 
difficult  in  expiaiuing  ia  what  they  reaiiy. 
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mode  of  ramification,  the  fonn  of  their 
root,  and  so  forth,  and  yet  be  of  diflferent 
■pedfit.  The  microscope  must  be  used  to 
see  the  shape  of  the  cells  which  serve  to 
protect  the  polypi.  These  cells  are  some- 
times sessile,  that  is  to  say,  are  fixed 
closely  to  the  side  of  the  branches.  Some- 
times they  are  placed  in  a  row  on  each 
tide  of  Ae  bnncbes ;  that  is  tfie  rase  with 
this  scrtularia.  The  two  which  I  at  pre- 
■ent  show  you,agreeextraordinarily  in  their 
outward  fiiymi,  and  unlets  we  employed  the 
microscope  to  examine  the  cells,  we  could 
scarcely  see  w^hether  there  was  any  dif- 
ference or  not.  The  cells  here  are  dis- 
posed all  along  the  sides  of  the  brandies ; 
sometimes  they  are  disposed  only  on  one 
side  of  the  branches,  and  that  is  the  case 
with  the  plumulaite.  Sometimes  the  cells 
arc  placed  at  the  extremities  of  little  pe- 
duucles — little  cups,  as  you  see  in  the 
campanidaria.  This  rqpresmts  one  of  the 
cells  in  the  zoophyte,  very  mnch  enlarged, 
and  shows  you  the  relation  which  the 
fleshy  tnbstanoe  of  the  polypus  has  to  the 
horny  cup  which  is  formed  to  embrace 
and  protect  it  when  it  has  retired,  alarmed 
{£  1,  i)  by  some  object  floating  in  the 
Tvater  impinging  against  its  expanded 
arms.  Here  is  the  fleshy  sac  of  the 
polypus  with  only  one  orifice,  and  the 
flurmt  around  the  mouth  of  the  sac, 
from  which  it  has  received  the  name 
of  poljmus  —  many  feet  —  a  terra  that 
was  ongiiialljr  employed  even  for  the 
ccphalopods.  Wlien  you  magnify  very 
anuch  the  arms  of  the  polypi,  you  see  by 
what  meana  those  currents  are  prodnced, 
which  you  can  observe  with  the  naked  eye 
itMhing  towards  the  mouth  of  the  polypus. 
These  animals  are  fi.\ed,  as  this  specimen 
is  to  the  back  of  the  shell,  growing  like  a 
]iving  plant,  and  yet  it  must  have  living 
jtrey  for  its  subsistence— it  must  have  its 
•pontaneonsly-aioving  gemmidei  to  pro- 
pagate its  race — its  skeleton  to  protect  it. 
When  you  apply  the  micnMcope  to  the 
eldea  of  the  arms,  yon  see  the  utde  hair- 
like filaments,  \>y  the  rapid  viJinition  of 
which,  the  currents,  conveying  particles 
Hoatfaqif  in  ttie  walwr,  and  Hie  animalctdes 
which  swarm  in  every  drop,  to  the  mouth 
of  the  poljrpus  [E  1,  /).  .Ill  they  do  not 
rrallow^,  but  only  according  to  their  par- 
tkndar  taste,— every  drop  of  the  vast 
adiyve,  teeming  with  minute  living  beings, 
traiab  are  used  as  food  for  the  various 
Mtgaiiiaaftlona  whidi  they  are  fonned  to 
«npport. 

Now  these  minute  filaments  along  the 
margins  -of  the  arms,  wMdi  produce  fhe 

currents,  are  the  cilia.    The  curients  are 
jBOt  produced  by  the  arms  themselves  of 
Ihe  polypi,  as  generally  supposed,  but  by 
t^cilk  thil  an  diapofed  on  the  lidea  of 


the  arms.    The  polypi  ore  sometimes 
large,  as  you  see  tn  nus  tnbvtUtria^  where 
they  have  died  fully  expanded. 
There  is  another  part  of  the  skeleton 

^  which  is  interesting  in  the  soft  flexible 
species  of  which  I  am  speaking;  it  is  the 
part  denominated  the  vesicles  {E  1,/,  /,  /}. 

,  These  make  their  appearance  in  different 

mparts  of  the  skeleton  in  each  species. 
They  arc  const.int  in  their  jjosition  and 
form  in  each  species,  and  peculiar  to  each 

'  species,  so  that  the  form  of  the  vesicle 
which  is  destincfl  to  contain  the  repro- 
ductive gcinmulcs,  aii'ords  the  zoologist  a 
further  means  of  distinguishing  the  spe- 
cies, and  therefore  you  will  find  that  our 
distin^nished  countryman  Erxis  has  been 
careful,  on  all  occasions,  to  figure  and  de- 
scribe the  vesicles,  for  the  purpOia  of  dis- 
tinguishing the  species.  These  vesicles 
make  their  appearance  at  certain  periods 
of  the  year— generally  eai^  in  tiie  spring. 
Here  is  a  fine  specimen  of  the  plumulaHa 

falcala  {Fjt  in  which  the  vesicles  1,  2» 
3,  «)  have  been  preserved  in  connexion 
with  the  skeleton,  and  precisely  at  the 
time  when  the  gemmules  (F2,  3j  were 
developed. 


I  wish  to  direct  your  attention  to  those 
parts  of  the  skeleton  which  are  deciihumt 
(F4,  o).  As  these  animals  so  much  re- 
semble jdants,  and  have  ])nrts  containing 
the  gemmules  which  thus  make  their  ap- 
pearance at  stated  periods  of  the  year,  and 
which  afterwards  drop  ofl;  so  as  to  leave 
no  trace  of  themselves  behind  during  the 
winter,— this  tended  still  more  in  the  olden 
times  to  induce  the  belief  that  these  zoo- 
phytes were  really  fruit-hearinj?  plants; 
and  Ray,  a  diatmguished  botanist,  de- 
scribed them  as  plants.  The  appearance 
of  these  vesicles,  filled  with  gemmnlcs, 
had  very  much  of  the  aspect  of  seeds 
(S 1,  m  m.  F  2,  *  3  a),  wbMi  were  pre- 
sumed to  be  dropped  <«  to  perpetaatellin 
species. 

Now  there  if  a  point  ojf  tome  inraortanoa 
oil  aGOOiiiit  of  OA  dUbnoci  of  cpinioiB 
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that  preFiuLi  upon  it,  even  at  the  present 
iiioiiieat^'atiion£;st  emineot  writers;  I  al> 

lude  to  the  connexion  exbting  b^wcen 
the  polypi  and  the  skeleton.  Some  are  of 
ophiion  that  tlicse  corals  are  bodies  exuded 
by  numerous  separate  and  detaclicd  beings, 
while  others  believe  that  these,  Ii!;e  trees, 
are  so  many  different  branches  of  one  in- 
divldaaL  Some  think  of  our  own  bodies, 
that  our  soft  parts  are  all  composed  of 
diii'erent  living  atouib.  It  is  not  the  gene- 
ral opinion^  however,  tiiat  every  globule 
of  our  own  body  is  a  distinct  and  inde- 
pendent being,  however  it  might  have 
been  a  separate  being  before  it  came  to 
form  tliis  aggregate ;  but  that  is  not  the 
subject  of  dispute.  These  animals  being 
thoroughly  examined,  then,  you  will  come 
to  the  concliuion  that  the  coral  wliich  1 
now  show  you,  is  as  much  a  single  skele- 
ton of  one  fleshy  body,  as  is  the  skeleton 
of  our  own  body,  or  of  the  higher  animals. 
•  Perhaps  it  would  be  best  to  ascertain 
this  by  watching  the  formation  and  growth  i 
from  the  embryo  state.  If  the  polypus  j 
was  first  formed,  and  secreted  for  itself  a 
skelcion,— if  that  polypus  produced  another 
polypus,  which  happened  to  stick  near  to 
The  lonncr,  and  to  build  up  another  ske- 
leton,—then  if  thatagain  generated  another 
polypus,  which  went  out  and  constnictcd 
another  skeleton — if  this  were  the  case, 
then  indeed  would  these  be  extraordinarj' 
aggregates  of  independent  beings,  and  then 
it  would  be  an  interesting  inquiry  as  to 
how  it  is  that  minute  beinj^s  of  this  in- 
dependent and  isolated  deschption,  without 
eyes,  or  nnf  organs  of  sense,  or  any  ner* 
vous  filament  in  their  body,  come  to 
construct  a  substance  with  such  perfect 
symmetry  as  yon  now  see  how  the 
little  ])olypus  at  the  bottom  knew  how  to 
f^jportion  its  work  with  the  polypi  that 
were  working  at  the  almost  invisible  fila- 
ments which  you  observe  in  this  gor- 
gonia  at  the  other  remote  extremities. 
A  pt  iurt,  the  probability  is  greater  that 
they  form  parts  (rf one  whole. 

V'pnn  taking  one  of  these  reproductive 
gewmules  contained  in  the  vesicles  of 
the  fhutra  earberia  (H\,  p.  235^,  and  of  the 
plumularia  falcata  fF),  and  watching  the 
production  of  the  skeleton  from  that  gem- 
mule,  I  have  found  that  the  skeleton 

begins  to  form  before  a  polypus  is  in  ex- 
istence. What  I  now  show  you  is  a  mag- 
nified view  of  the  specimen  of  plumularia 
fidcata.  Hand  it  round  tiie  class.  This  is 
the  vesicle  (F\,a)  ;  the  t^emtiinle has  not 
yet  appeared,  hut  I  shall  iiave  to  exaTuiue 
these  more  particularly  hereafter.  In  this 
specimen  th  ese  rep  r  o  t!  n  c  t  i  ve  gelatinous  s  ub- 
Btances,  the  reproductive  gemmules,  have 
come  to  maturity,  and  are  now  escaped 
(F4,  k).  Here  #re  the  genunulm  twun* 


ming  about  by  vibrating  their  cilia.  •  Now 
it  is  interesting  to  watch  the  neaifit  of 
these  gemmules  swimming  about  in  the 

?ea  by  a  rapid  action  of  the  hair-like 
processes  which  tiurround  thera.  In  this 
specimen,  beginning  to  be  developed,  aa 
yet  there  is  no  ramification — no  plant-like 
appearance.  Here  it  is  fixed,  and  be- 
ginning to  spread  upon  the  snriuce  ef  • 
watch  L-^lr-  s,  so  that  by  the  use  of  the 
microscope  you  can  see,  atom  by  atom,  the 
changes  that  are  ^nodiused  in  the  progresa 
of  the  growth.  Here  again,  when  fn  iher 
advanced,  there  is  the  fleshy  substance  ac- 
cumulating upon  certain  parte  which  at 
first  are  transparent,  and  a  thin  hotno- 
i^cnemts  substance  is  beginning  to  form 
the  skeleton  in  the  interstices.  As  yet  it  is 
exceedingly  millttte,  soft,  and  gelatinous ; 
but  in  the  progress  of  its  growth,  the  soft, 
thin,  homogeneous  substance  of  the  ex- 
terior becomes  more  dense,  embracing  fha 
first-formed  parts  of  the  fleshy  sitbstance, 
indeed  all  parts,  and  the  w  hole  Jelly,  with 
its  thui  covering,  and  continuea  to  advaaee 
and  to  radiate.  Then  ^vc  cibscrve  a  stem 
beginning  to  rise  from  the  centre  of  tliese 
radii  of  roots,  wMch  are,  in  fiu!t,  Hie  flrst- 
formed  parts  that  the  little  round  gem- 
mule  shoots  out.  So  that  the  gemmule  is 
become,  not  a  polypus  but  a  root.  It  be- 
gins theii  to  rise  from  the  centre  of  the 
roots,  and  at  length  to  di'/ide  ;  so  it  will 
at  length  form  ou  its  braneiies  a  ceil,  at 
the  bottom  of  which  cell  will  gradually  bo 
developed  a  polypus.  The  polypus  then 
is  not  the  being  that  was  first  formed,  and 
wliich,  nSt&r  its  formatloD,  produced  the 
skrlrtoD  ;  vet  you  will  find  how  very  pre- 
vailing the  opinion  is,  tiiat  the  polypi  are 
the  first-formed  parts  of  soophytes,  and 
that  they  secrete  or  somehow  form  few 
themselves  the  enveloping  cells  and  the 
whole  structure  of  the  skeleton. 

S  o  much  than  vpon  that  point.  I  think 
we  have  not  leisure  in  this  anatomical 
part  of  the  coiii'se  to  enter  into  what  re- 
lates to  the  zoological  description  of  the 
myriads  of  forms  belonging  to  this  group, 
but  what  I  have  mentioned  wiU  give  you 
an  idea  of  the  form  and  growth  of  the 

r.rfr'ninf  honu'  ttihnlnr  skeletons  in  the 
vatious  species  of  flexible  zoophytes  so 
common  on  the  British  coaat. 

The  horny  skeleton  also  is  frequently 
inienml,  and  that  produces  a  skeleton  of  a 
very  different  kind.  These  aertnlarife,  &c. 
which  I  show  you,  brought  from  the  coast 
of  Shoppy,  have  all  their  skeletons  at  their 
outer  surface ;  they  are  so  many  homy 
ramifying  tubes  enclosing  the  flediy  sob- 
stance'?  Mnny  other  ?pecimenfi  of  the 
same  kind  you  have  before  you.  In  many 
of  these  animals,  however,  the  skeleton 
which  is  of  ik|ioviiy  oomiftenoey  is  placed 
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in  the' interior  of  the  fledrjr  substance.  { from  this  dried  gorgohU,  MftrMCvapo* 

iTiis  is  the  ca'!e  with  the  gor^onia,  which  1  ration  could  cause  it  to  disappear,  and  yet 


hold  in  my  hand.  It  is  the  case  with  these 
antlpstlies,  fram  which  all  the  very  soft 

fleshy  snbj'tanrc,  and  every  trace  of  it  in 


you  wiii  observe  that  the  whole  nearly  of 
the  homy  axis  iff  covered  with  a  crust  of  a 

hcautifnl  colour,  sometimes  of  a  deep  red, 


these  spectmensi  has  disappeared.  Inthe  sotnctnnes  of  a  crimson,  sometimes  of  a 
gorgonia,  however,  we  have  a  tame  in-  brig^ht  yellow }  and  altogether  preeentinf 

telligihle   and   inoi  e   common  example,  in  the  different  species  a  great  variety  of 


more  easily  understood  in  commencing 
the  itudy  of  the  hiitnutl  homy  skeletons 
of  zoophytes.  Here  you  will  observie,  that 

it  still  presents  very  much  the  appcnrance 


beautiful  buett  These  colours  are  de- 
pendent upon  tome  peenliiu'  oolmning 

animal  matter  that  v<as  contained  in  tho 
substance  of  the  fleshy  cmst  itself,  and 


of  a  plant  with  the  simple  expanded  base  i  has  nothing  to  do  with  the  homy  axis, 
of  attachment,  like  that  of  many  marine  |  whudi  is  brownish  black.  The  homy  axis 
plants.   The  base  of  attachment  of  marine!  appear?  of  a  black  colour,  but  when  cut 


plants  is  not  the  organ  by  which  nutri 
tfon  is  imbibed,  or  by  which  the  func- 
tiont  of  life  are  performed.  You  w  ill  see 
fiid  (is  the  focus  filum)  twenty  feet  in 
teni^li,  witii  only  a  tfiiall  cop-lilce  attach- 
mPTif.  to  some  rock,  hut  that  cnp-likc  part 
is  merely  the  organ  of  attachment,  as  it  is 
in  loopnytet.  Now  fitis  Imray  axis  of 


into  small  purtiuaii,  it  has  that  brown  ap' 
peaimce  which  present*  itsdf  in  slices  of 
most  condemaed  glutinow  or  homy  tab* 
stances.  ' 

When  we  have  out  faito  the  flethyontet* 
w  e  find  it  is  peimeated  in  all  its  parts  by 
calcareous  spicule.  Now  it  is  acurioue 
cimnaatanee  this,  becaote  you  wHl  ob- 


the  gorgonia  is  surrounded,  in  the  living  serve  that  the  animals  we  were  describing 


state,  with  an  irritable  flesh,  which  fleshy 
substance  covers  every  part  of  the  homy 
texture,  hoax  the  extremity  of  the  root  to 

the  extreme  points  of  the  most  delicate '  ons  skeletons,  composed,  in  this  wayi  of 
ramificatiuub  at  the  other  end.    This  calcareous  spiculacisuch  was  the  case  vdtil 


yesterday  (the  porifera),  had  nothing 
for  their  skeleton  but  spicula^  and  that  a 
great  division      those  had  only 


fleshy  substance  develops  itself,  at  innn« 
merable  points,  into  the  little  cup-like  ap- 
pearances we  have  already  seen  termed 
the  polypL  So  Hiat  if  the  whole  fleshy 

substance    were     rcnmvorl    from  the 


the  group  called  leooonida.  Here,  then* 
wo  have  calcareous  spiculae,  not  forming 
the  entire  central  axis,  but  which  have  not 
yet  diBa|»peBred*  They  ttill  eidlt  in  tho 

fleshy  substance,  but  where  did  thoy  exiat 


branches,  you  would  have  no  trace  of  cells  j  iii  the  animals  we  were  considering  yes* 
left  on  their  luHhoe,  tot  tiie  fleshy  «nb-lterday?  In  tliera  all  parts  of  the  fleshy 

stance  thus  removed  is  that  which  con-  body  develop  the  spimliu.  Wc  found 
tained  the  polypi.  This  horny  substance  t  them  depositing  everywhere  in  their  in« 
is  deposited  layer  after  layer  by  the  enve-  terior,  spiculae.  That  wnss  the  case  with 
loping  fleshy  crast,  so  that  the  first  part  all  the  animals  we  were  speaking  of  yes- 
deposited  undergoes  no  chani^e  in  after  ]  tenlay,  whether  horny,  calcareous,  or  sili- 
life.  Upon  making  a  section  of  the  ami- j  ceous,  and  which  hail  not  yet  been  able 
patiies  or  gorgonia,  you  can  perceive  the  j  to  form  a  solid  internal  con tinnoos  tads, 
concentric  layers  in  which  the  hnmv  |  If  the  distinct  dried  crust  which  yon  now 


substanco  has  been  exuded  dmiug  the  iUc 
of  the  aninsai.  The  fleshy  crost  wfaioh  I 

now  show  you,  was  cut  off  from  the  linng 
aoophyte  by  Cavoliki  in  the  Bay  of  Na- 
pifls.  He  toole  it  out  into  the  Bay,  and 
sunk  it  ill  perforated  em  then  vessels  in  a 
notto  at  some  distance  out  from  the  shore, 
lor  the  purpose  of  watching  what  Vras  to 
tnkc  j)lace.  By  observation  he  found  that 
this  de«hy  crust  exuded  for  itself,  after 
being  carefully  peeled  off",  a  new  central 


homy  axis,  but  that  when  the  tads  had 

been  thus  deprived  of  its  fleshy  cmst,  it 
did  not  i  xudc  a  new  fleshy  substance  on 
its  surface.  There  is  no  internal  organi- 
zation in  thf  horrr  axis;  it  is  as  dead  and 
extravascuiar  in  this  part  of  it,  as  the  rock 
upon  which  It  is  found  growing,  or  m  ^e 
solid  coTv.h  and  sInBi  of  Other  faiverte- 
)>rated  aiiimals. 
TUt  flMbyntelHUO  hat  all  ditappeared 


see  covering  this  homy  axis  oi  the  gorgo- 
nia, or  tl»  ios,  wereMamined  minute^  in 
the  living  state,  you  \^o'^h\  find  that  all 
this  coloured  calcareous  dried  crust  is. 
perforated  by  myriads  of  minnte  orifices. 
Thc?:f'  Tuiriute  orificeH,  still  j)rescn  cd  in 
the  dried  specimens^  are  the  remnants  of 
tho  ocUs  of  the  fleshy  sahstanoo  fiom 
which  the  polypi  sboot  out  in  the  living 
state.  It  is,  therefore,  impossible  to  fin<l 
cells  on  looking  at  the  internal  concealed 
homy  axis,  when  you  have  removed  the 
fleshy  irritable  crust  which  always  lorjns 
both  the  cells  and  their  contained  polypi. 

You  look  now  upon  the  skeleton  of  tho 
antipathes.  In  the  antipathes  the  fleshy 
substance  which  envelops  and  forms  tlie 
siceleton  is  soft  and  gdamioas,  insomaeh* 
that  w  hen  it  is  brought  from  the  depths  of 
the  sea— torn  from  the  nxrks  to  whioh  it 
adheres— that  mhitnoo  runt  ctf 
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entirely,  so  that  vie  never  see  a  crust  of  not  aware  of  this  being  the  geueral  law, 
it  in  the  dried  specimens  of  antipathes  i  you  might  be  perplexed  to  account  for  the 
brougbt  te  Europe.  In  these  specimens  '  growth  of  this  axis  of  the  virgularia,  which 
all  has  run  off,  aiul  the  axis,  thus  cleaned, '  was  originally  foroicd  entirely  within  the 
presents  a  smooth  and  glistening  tfurface ;  j  fleshy  covering,  and  is  now  seen  extend- 
but  ivhen  we  examine  that  axis  chMuicaUy .  ing  much  bflyotMl  the  extremity  of  tho 
or  otherwise,  we  find  it  tho  same  m  in  fleshy  substance.  In  fact,  the  animal, 
the  gorgonia.  Zoologists,  however,  attend .  tVom  ail  wc  know  of  its  living  habits. 


to  liie  dreunutonce  that  the  gorgonia  has 

on  its  surfiftce  a  lona;Hiiilinally  striated  ap- 
pearance, while  antipathes  is  smooth }  but 
th«M  are  clifferenecs  tbat  we  omnok  enter 

nim  h  iiiiri  at  pi  es^ent,  as  they  belong  more 
to  another  part  of  the  course,  which  tjteaiM 
of  the  history  of  species.  This,  however, 
will  give  you  some  general  idea  of  the 
internal  structure  j>nd  nature  of  the  horny, 
unorganised,  internal  a.\isi,  wbieh  is  found 
in  many  of  the  lai-gest  forma  of  the  faocny 
soophytes,  or  keratophyipn. 

Now  with  regard  to  the  calcareous  ske- 
letons of  loopfaytes,  we  find  these  pretient- 
ing  a  greater  variety  of  forms  than  either 
Uie  external  or  the  internal  horny  species. 
In  ooane  the  calcareoui  skeleton  is  placed 
completely  in  the  in'frinr  of  the  fleshy 


stands  upright,  with  this  exposed  projiect^ 

ing  part  stuck  into  the  mvA  at  tlic  bottom 
of  the  sea.  That  is  the  postttuu  in  which, 
mariners  generally  collect  them  near  Inch 
Keith  in  the  Fhtli  of  Forth,  and  this  is 
further  shown  to  he  its  natural  positioii* 
from  tiie  growth  of  foreign  bodies  on  the 
exposed  and  fixed  part  of  the  stem. 

On  the  low  or  surface  of  the  pennatula 
we  find  Minueruuii  calcareous  spiculo:  di- 
rected from  the  stout  which  scnre  tho 
animal,  in  its  progt » -i-^ive  motion,  to  creep 
slowly  over  the  bottoiu  (  i  the  sta,  Tho 
centra]  axis  of  which  I  was  speaking,  both 
in  the  pcnnatuhi  and  viri,Milaria,  is  a  solid  ■ 
calcareous  mass,  cylindrical,  containing  a 
large  quantity  of  animal  matto',  partica* 
larly  at  the   extretnities,  where,  in  the 


substance,  as  ia  the  peuuatuia ;  nio^t  fre-  former  genus,  it  is  exceedingly  flexible 
quently,  however,  it  is  found  exposed  on  |  and  dendflr,  and  it  Is  composed  of  oon- 

sonie  part  of  the  surf  i  t  ,  exuded  from  centric  layers.  The  same  structure  is 
below  from  the  side,  or  in  various  di-  i  found  also  in  th(<  umbeUularia.  By  far 
rections.  In  the  animals  denominated  j  the  greater  number,  however,  of  the  cal* 
pennatttlA  and  virgularia  which  are  now  careous  skeletons  of  zoophytes  art}  ex- 


before  you,  you  have  cxam]}le3  of  calca- 
reous  substances  placed  completely  within 
the  fleshy  substance  of  the  body.  The 
pennatula  is  an  animal  formed  somewhat 
like  a  pen,  with  its  quill  and  its  bai  bs, 
and  whioh  has  the  leshy  substance  cover- 
inc:  the  w  hole  exterior  of  the  body.  Alont^ 


uded  from  the  outer  '^nrfnce  of  the  body, 
so  as  to  be  more  promuieiit  than  the  liv« 
ing  flesh.  Generally,  the  fleshy  part  of  the 
animal,  as  in  ih'\?.finigin  nffmncijvrmu,  is 
upon  the  upper  part;  sometimes  it  em- 
bnutts  the  whole,  when  it  is  branched,  as 
iu  t!!'^  [p.r:,"^  tnruirepore.    You  will  ob« 


die  central  part  there  is  a  tbiu  calcareous  I  serve,  however,  that  if  there  be  a  point  <d 
solid  cyUndricftl  body,  tapering  at  each  the  skeleton  which  is  not  smrrounded  1^ 


extremity,  wheie  it  is  soft  and  flexible, 
but  dense  and  thic)(er  in  the  middle.  This 
cnioareoM  axis  requires  to  be  soft  and 
flexible  at  the  two  extremities,  because  of 
the  contractile  power  of  the  whole  animal. 
If  it  were  not  lonued  in  this  way,  it  would 
force  the  ends  of  its  axis  through  the 
body.  It  is  curious,  that  in  the  vii^ilaria 
the  solid  cylindrical  axis  does  extend  be- 
yond the  extremity,  at  the  lower  part  of 
the  body.  You  may  lay  it  down  as  a 
general  principle  applicable  to  ail  forms  ol 
skeletimB  of  the  soophytes  and  poriforons 
animals,  that  whether  they  be  made  of 
«ilit»  or  carbonate  of  lim.^  or  carbonate 
and  phosi^ate  lime,  for  there  is  a  Htlle 
of  the  phosphate  according  to  the  re- 
searches of  Hatch ETT  in  all  these  calca- 
reous corals  before  you,  or  whether  they 
he  fonnod  of  hcmiy  substance,  their  ma- 
terials were  formed  solely  by  the  fleshy 
Kubstance,  and  these  oxude  from  or  into 
the  body,  in  the  unorganised  oondition  of 
t)i  i>fii||»hrwtfd  •MelaM.  If  wic* 


the  li\  ins?  flcbh,  thai  point,  which  is  the 
base  of  attachment,  may  be  almost  anited 
to  the  rock  upon  whioh  it  rests,  and  iden- 
tified with  it^  if  it  rests  upon  any  solid 
rock,  as  on  carbonate  of  lime.  The  tran- 
sition ma}'  be  almost  imperceptible  from 
the  skeleton  of  the  living  being  to  tlie  ro<4i 
on  which  it  rests,  for  both  are  equally  un- 
organised bodies.  Now,  then,  I  can  fancy 
a  transition  from  the  internal  to  the  ex- 
ternal sk  'etong,  by  supposing  that  a  vir- 
gularia were  cut  open,  and  flowed,  thus 
opened  and  spread  out,  to  90  on.  In  place 
of  its  skeleton  being  in  the  centre,  it  will 
exude  below  its  fleshy  substaTice  a  calca- 
reooB  spreadinnr  mass,  like  a  J I'i'U'ci  MtMt' 
cilia.  M'cl],  then,  the  fleshy  substance  is 
the  animal,  in  the  zoophyte ;  and  this  large 
mass  of  meandrina,  upon  which  my  hand 
rests,  forms  thus,  from  an  early  period  of 
tlte  developmeiit  <if  its  cjemttnile;  it  i-^ 
called  the  meauii/ tna  ccreOri/unmSf  and  in 
somewhat  like  tho  convohitionp  of  tho 
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■  In  this  meandrina,  the  form  was  pre- 
dsely  the  iame,  though  not  the  hidk, 

from  an  early  period  of  its  life.  It  had 
thb  globular  appearnnce,  this  beautiful 
meandering  surface,  and  all  the^e  delicate 
hmintt  tiiat  run  transversdy  through  the 
meandering  pron^  o«,  from  a  very  early 
period.  Upon  looking  down  on  the  8ur- 
nce  of  these  meandrinsc,  however,  you 
can  distinctly  perceive  that  these  depres- 
dons  extend  hut  a  very  short  way  into  the 
mass.  No  capillary  or  abaorboitp  or  other 
vessel,  penetrates  the  »olid  mats,  to  re- 
move the  old  layers,  and  to  bufld  up  the 
new.  Upon  hreaking  the  mass,  however, 
and  watching  the  direction  taken  by  the 
more  solid  parts  projecting  from  the  sur- 
face-like ridges,  you  can  sec  that  they  ex- 
tend to  the  very  central  nucleus  of  the 
base  ;  that  it  begins  to  build  thi^  skeleton 
at  tiic  commencement  of  its  development, 
precisely  upon  the  plan  whic  h  is  observed 
in  the  construction  throughout  life,  cover- 
ing over  the  whole  round  smface  with  a 
fleshy  secreting  substance.  If  you  cut 
away  the  fleshy  substance,  there  is  neces- 
sarily an  end  of  all  growth  at  the  denuded 
part,  and  any  part  that  may  thus  remain 
denuded,  will  inadually  he  aflTccted  hy  tlic 
tidCyOr  by  the  action  of  the  wavfci>;  and 
the  rubbing  of  the  sands,  gravel,  ike,  will 
wear  it  to  fragments,  as  you  obsei*ve  here 
on  some  places,  and  the  rest,  that  remains 
covered  by  the  fleshy  substance,  will  con- 
tinue to  glt)w  in  the  usual  form,  or  the 
fleshy  substance  will  gradually  qiread  and 
cover  the  wound. 

We  see,  upon  examining  the  frac- 
tured portions,  how  it  has  been  gra- 
dually kept  in  the  same  precise  plan, 
^without  the  fleshy  substance  permeating 
the  whole  cellular  interior  of  the  mass. 
The  fleshy  substance  which  covered  the 
exterior  of  the  body  in  all  these  mcan- 
drins,  and  similar  calcareous  zoophytes, 
developed  polypi.  Although  those  polypi 
are  not  necessary  to  the  growth  of  the 
zoophytes  in  the  embryo  condition,  hy 
their  seizing  living  prey,  they  are  addi- 
tional organs  by  which  the  animal  ac- 
quires support  during  its  more  perfect 
state  of  development,  just  like  the  leaves 
of  a  developed  plant.  Those  polypi  are 
destfaned  to  seixe  the  minutest  animals, 
which  are  floating  in  mytiads  in  every 
part  of  the  tea.  The  i>olypi,  which  are 
sometimes  deciduous,  as  in  flustne,  enable 
them  to  grow  more  rapiflly,  and  to  extend 
more  quickly  their  dimensions.  The 

Savonix  are  covered  in  the  same  way  with 
eshy  substance,  which  can  shrink,  as  in 
all  similar  structures,  between  the  jdates  ; 
that  fleshy  substance  develo|nng  also,  a^ 
usual,  the  polypi.  In  many  you  see,  con- 
Nquemlyi  no  call  left  in  the  hard  tkeleton 


for  the  polypus  to  shrink  into — this  is  the 
same  case  as  with  the  meandrina;  but 

in  others,  as  in  this  caryophyllia,  you  w  ill 
observe  that  the  solid  axis,  composed 
partly  of  the  phosphate,  but  principally 
of  the  carbonate,  of  lime,  as  shown  by  the 
experiments  ofHatchett — (and  I  nm  sorry 
to  say  that  since  his  time  very  little  ap- 
pears to  have  been  ascertained  upon  this 
pp.rt  nf  the  subject) -—yon  will  observe  that 
this  ramified  solid  mass  has  developed 
itself,  at  various  p(^ts,  into  large  distinct 
cells ;  which  cells  served  for  the  protec- 
tion of  the  polypi,  as  the  smaller  cells  of 
astreae,  madrepores,  porites,  &c. 

You  will  ])erhaps  be  8uq>ristd  to  find, 
in  a  living  animal,  that  its  base  is  thus 
dead,  and  denuded  of  its  fleshy  covering, 
and  that  it  is  alive  still  at  its  upper  part. 
But  if  yon  reflect  that  the  point  of  attach - 
ineni  in  thcsie  calcareous  masses  is  alwayii 
uncovered  by  the  living  fleshy  substance, 
— that  it  is  fixed  to  the  rock^ — that  the  ex- 
tiavascular  calcareous  matter  has  been 
exuded  Into  llie  tntenrtioesof  the  rock  and 
taken  a  firm  hold  of  it— that  all  the  rest 
is  covered  by  the  fleshy  substance,  and 
that  it  may  «brink,  may  retire  from  the 
calcareous  mass,  or  the  skeleton  may  shut 
up  in  various  directions  that  fleshy  sub- 
stance, then  your  astonirimient  oeaset. 
Here,  then,  in  this  large  caryophyllia 
there  was  obviously  no  fleshy  substance  at 
tlic  ha^e ;  at  the  time  it  was  taken  from 
the  sea,  it  terminated  near  to  the  base  t 
and  here  are  millcpores  astreaj,  and  other 
animab,  which  have  collected  aroinid  and 
grown  upon  the  dead  portion  of  the  stem, 
but  you  distinctly  observe  the  cells  on  the 
parts  above  this,  which  were  covered  with 
flesh. 

Where  A'ou  observe  no  cells  on  the 
solid  skeleton,  as  in  the  coral  {G  4,  a)  and 
the  isis  (G  I,  a),  you  will  understand  that 
that  13  in  consequence  of  the  cells  for  the 
polypi  having  been  entirclj-  contained  in 
the  fleshy  substance  2,  i  which,  iu 
drying  the  specimen,  is  removed  from  the 
solid  body.  In  the  ex]>]rniari:i,  vhere  t!io 
calcareous  mass  is  expanded  m  tlie  lorm  of 
plates,  you  will  very  generally  And  the  cells 
spreiul  over  one  surffic*  ,  vhich,  in  the 
natural  position,  is  generally  the  lower, 
and  deAdent  on  the  opposite.  Nothing 
conlfl  eqiial  the  beauty  of  these  animals  in 
the  living  state.  To  witness  in  a  pool  of 
dear  searwater,  or  on  ridges  of  rock  in  the 
open  and  transparent  sea,  the  beautiful 
little  polypi  projecting  Irom  the  surface 
of  this  mass,  with  their  little  arms  ex- 
tended in  all  directions,  creating  rapid 
citrrpMt^j  tnv,  nr<ls  their  mouths  hy  vibrating 
then-  ciiia,  and  thus  bringing  antmalcidcs 
like  hee-hives  around  them,  and  then 
shrinking^  after  they  hmre  Mixed  their 
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prey,  each  into  its  cell,  as  I  have  at- 
temirtwl  to  represent  in  these  drawings, 

must  lie  a  si)ect;ide  indeed  grntifyinp  in 
the  extreme  to  every  beholder  sensible  of 
the  beautiei  of  animated  nature.  In  one 
of  these  drawings,  one  of  the  polypi  is 
represented  as  biosf  In  grctting  itself  ex- 
panded out;  another  is  busy  in  creating 
the  rapid  currents,  and  anxious  to  obtain 
its  animalcules,  bending  itself  in  every 
direction.  Here  is  one  that  has  seized  an 
animalenle,  and  has  shrunk  into  its  cell. 
Here  is  one  supposed  to  be  irritated, 
havinf;  an  animalcule  in  its  stomach,  and 
shnmlc  to  the  bottom  of  its  cell ;  hot  these 
polj^ji  arc  nil  cnntinuous  with,  and  only 
developed  parts  of,  the  fleshy  substance. 

In  the  madrepoies  the  cdh  are  ex- 
tremely numerous  and  small  o%'er  the 
whole  surface  of  the  brandies,  and  pre- 
sent the  beautiful  appearance  which  they 
do,  from  their  laminated  i)arictcs  l)eing 
extended  outwardly.  They  have  a  beauti- 
ful laminated  structiu'C  around  the  margin 
of  each  orifice,  which  yon  can  scarcely 
see  without  a  magnifying  power.  Indee(l, 
all  the  lowest  tribes  of  animals  have  forms 
so  delicate,  that  the  most  powerfnl  glass 
will  not  extend  to  their  miuutcst  jiai  ts  ; 
and  I  may  say  of  the  lowest  of  them,  that 
there  is  no  living  object  oonstmcted  by 
the  Author  of  nature  which  will  not  stand 
the  utmost  jjowcrs  of  human  scrutiny, 
without  diminishing  our  admiration  of  the 
beaaty  of  its  structure. 

Here  is  a  form  which  I  exhibit  only 
to  give  you  a  further  illostration  of 
the  same  principles.  No  doubt  yon  are 
all  familiar  with  these  common  fungirr;  of 
the  zoologists.  This  is  the  fungia  agari- 
ej/brmf«.  Tliis  animal,  fixed  at  the  bot« 
torn  of  tlie  sea,  was  co\  ered  in  the 
living  state  with  a  fteshy  substance ;  that 
fleshy  substance  was  transparent,  like  the 
mantle  of  a  medusa,  it  was  divided  below 
into  laminae,  which  shrunk  into  the  nu- 
merous radiating  interstices  of  this  cal- 
careous laminated  mass.  In  the  central 
part  you  will  perceive  a  depression.  The 
fleshy  substance  of  the  body  at  this  part 
shot  up  into  the  form  of  a  large  polypus ; 
and  in  this  large  round  funijia  there  was 
but  one  polypus.  Here  is  another,/ttn^ta 
UmadnMt  long  and  convex  like  a  snail. 
Here  in  place  of  one  central  depression,  you 
will  perceive  a  middle  longitudinal  groove, 
extending  to  nearly  the  extremities.  In 
the  central  part  of  this  species,  as  in  the 
iirst,  there  was  a  large  central  polypus 
like  an  actinia.  Along  its  sides  were  de- 
vdoiied  two  or  tltree  more  in  the  middle 
groove;  and  they  became  less  and  less 
perfectly  developed  as  they  got  towards 
l3ie  two  extremities ;  the  whole,  however, 
VM  oovend  with  tbii  fleshy  subiUuice, 


except  the  rough  papiUated  base  of  at* 
tadiment.  The  fw  eons/      Ah  wbidi 

forms  so  beautiful  and  valuable  an  article 
in  an  ornamental  point  of  view,  presents 
no  cells  on  the  sur&ce,  and  is  very  solid 
within.  The  fleshy  substance  (G  1,  c) 
covered  all  the  exterior,  as  in  the  antipa< 
thes  (which  is  the  common  black  coral), 
as  in  the  gorgonia,  and  many  other  homy 
species.  Ilere  the  red  colour  of  the  coral 
has  been  owing,  perhaps,  to  the  presence 
of  some  pecnlnr  animal  matter,  as  it  is 
driven  off,  and  all  corals  are  made  white, 
by  burning ;  but  i  am  not  aware  that  the 
cdkraring  matter  <rf  the  red  corals  has  been 
chemically  further  examined.  In  the 
larger  deep  red  masses  you  can  perceive 
the  striated  surface  (G4,ajy  as  in  gor- 
gonia, where  it  was  covered,  o\er  the 
whole  surface,  by  a  living  fleshy  crust. 
The  interior  of  this  red  coral  is  so  dense 
and  compact  that  it  is  suscepdble  of  a  fine 
polish,  and  is  cut  into  various  ornamental 
articles.  It  forms  a  valuable  article  of 
commerce,  and  is  collected  by  dredges 
m  diflfercut  parts  of  the  Mediterranean 
and  the  eastern  seas.  It  contains  phos- 
phate along  with  «^e  cadNmate  of  lime. 
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Besides  the  white,  red,  and  black  corals, 
some  of  these  skeletons  have  naturally  a 
yellow  colour,  asthis  virgularia;  and  some 
are  blue,  as  this  pocilhpnra  cfpnilea.  You 
perceive  on  breaking  this  pocillopora  that 
it  prcf^ents  internally  a  beautiftil  deep 
azure  blue  colour.  You  mij^ht  supposo 
that  to  be  the  result  of  some  putrefuctioa 
bnt  it  is  not  so;  it  is  the  natural  colonr  9 
this  beautiful  prnduction  in  its  living  state. 
Here  is  the  tubipora  mmicat  again,  of  a 
beantifol  deep  blood-red,  approaching  to  a 
purple  colour,  composed  of  tubes,  which 
you  know  to  be  the  protecting  places  of 
the  poljTji.  In  all  these  tubes  the  polypi 
are  found,  and  have  been  accurately  de- 
scribed by  two  eminent  French  writers, 
Quov  and  Gaimaud,  who  have  examined 
them  alive  in  the  tropical  seas.  Nothing 
can  exceed  the  beauty  of  these  animals  in 
their  living  state,  where  the  green  colour 
of  the  polypi  contrasts  widi  the  deep-red 
of  the  tabes. 
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The  Isit  hrm  wbidi  I  tlull  detain  you  I  animaL  The  vesicka  for  cdnteininK  th* 


whh  to  tiiat  of  the  Ith  ^jtjimit  CO  2J,  In 

this  isis  you  perceive  an  extraordinary  ex- 
ample of  an  internal  articulated  skeleton, 
composed  of  solid  calcareous  portions 
fQ  It  a)f  a  descriptinu  which  you  would 
almost  nppiv  to  the  human  skelfton.  The 
whole  ol  this  jointed  isis  was  covered  oi  i- 
gfallUx  wftti  a  fleshy  irrital^le  substance 
of  great  thickness  {0 1,  c  2,  a  3^.  The  great 
thickness  of  the  fleshy  substance  which 
covered  the  whole  surface  of  the  skeleton, 
and  which  developed  |>olypi  and  tlicir  soft 
cells  at  various  points,  you  will  judge  of 
ffoni  ttwie  magnilled  viewi»  siven  by 
Bi.LM  and  bjr  Oouinree. 

Here,  then,  is  a  skeleton  of  a  eoophytc, 
raised  h\^h  in  the  scale,  with  complicated 
polypi,  aud  with  a  large  and  irritable 
fleshy  body,  presenting  a  completely  in- 
ternal jointed  calcart  ou'i  fkeleton,  yet  cx- 
travascular,  and  as  inorganic  as  the  rock 
upon  which  this  substance  grew  ill  the 
living  state.  Not  a  single  capillary  vessel 
penetrates  or  enters  into  it.  it  is  depo- 
nted  layer  after  layer  on  ita  aottd  jDrnta* 
as  on  the  solid  joints  of  crinoidea  and 
ecbinida,  or  Like  the  shell  ct  e  molluscous 
animal,  and  even  the  homy  joints  (G\,bj 
grow  in  that  way,  the  exterior  surface  be- 
ing entirely  covered  with  animated  flesh, 
which  prodocea  polypi,  having  eight  tenta- 
cida. 

Now  )'ou  have  already  seen,  that  skele- 
tons of  zoophytes  are  composed  some 


gearaiidea  aeem  alao  to  he  annnally  pushed 

out  from  soft  points  of  the  branches,  or 
from  jointa*  which  so  generally  divide  the 
branches  of  these  llexime  tolralar  iqiedea. 
The  operculum  (F 1,  r  3  J)  of  the  vesicle 
which  drops  ott  to  allow  the  mature  gem- 
mule^  to  escape,  may  be  considered  as  only 
a  thickened  portion  of  the  vesicle,  wad 
forroerl  i?i  the  same  manner.  The  figures 
which  I  place  before  yon  are  highly  mag- 
nified views  of  what '  1  have  ol;  ci  vedof 
the  development  and  fnllinL;  olf  of  the  ve- 
sicles of  the  plumularia  Jaicata.  In  the 
one  yon  will  observe  there  ia  yet  nothing 
but  a  thin  grlafinous  matter,  and  the  pa- 
rietes  of  the  vesicle  iM^e  still  soft  and  ex- 
panding (Fl).  In  the  aeocmd,  the  two 
geromules,  attached  to  their  umbilical 
chords  (F2,  A),  are  developing,  and  shoot- 
iug  upwards  from  the  fleshy  substance 
which  fills  every  portion  of  the  interior  of 
the  whole  ramified  skeleton.  The  third 
figure  represents  the  condition  of  the  vesi- 
cle uid  ita  contained  gemmules,  whidi. 
lost  their  umbilical  attachments  to  the  pa- 
rent aninud  (F3)  at  the  time  when  the 
operotilum  looaenied  and  fell  ofiT.   And  the 

l  ist  virw  rcjjrosents  the  dropping  off  of 
the  whole  vesicle  uf  this  plumularia,  when 
ita  source  of  nutrition  to  cutoir  a),  and 
when  tlie  mature  gemmules  have  escaped 
from  its  open  cavity,  and  are  swimming 
about  by  the  rapid  vibration  of  their  cilia.  In 
search  of  a  suitable  place  to  fix  themselves 
upon  for  future  growth,   Wh©n  the  gem- 


timet  of  homy  substances,  and  sometimes  >  mule  has  hxed,  it  first  forms  a  root,  then 
of  calcareous,  but  here,  in  the  isis,  these  |  a  stem,  then  branches  and  cells,  and  at 
substances  are  placed  alternately  on  the ;  lenc^th  polypi,  aa  1  niMitiqBed  to  you 
branches.  Upon  making  a  section  of  the  beioru. 
homy  substance,  which  you  perceive  like 
ligaments  connerrint^  the  calcareous  joints,   

you  wiU  find  it  also  is  comnosed  of  con-  ^^^^j  ^g^hanc,  and  cellarice,  and 

centnc  layers,  like  the  solul  parts  of  the 


Thoae  odlidar,  Galfinraoua»  k«Huu«H,  i 

foliaceous  zoophytes^  forming  the  various 


skeleton,  and  that  the  whole  of  this  grows 
in  the  same  way  as  the  external  skeletons 
of  other  species,  by  deposition,  lay«r  after 
Itgrer,  of  the  cartili^uuMia  aubatanoe* 

We  have  seen  that  the  tubular  external 
homy  fkeleton  of  the  plumularia  (F)  and 
similai  zooph}tes,  is  gradually  developed 
from  the  gemmule  by  the  exudation  on  its 
ain&oe  of  « thia  iMMnogeneoaa  llaid  aab- 
ataiwe^  uhloil  aoon  hardena,  and  which 
does  not  change  its  dimensions  after  be- 
coming once  hardened.  This  glutinous 
substance  is,  consequently,  only  a  thin  ^ft 
film  over  the  free  terminationa  of  all  the 
roots  and  branches  of  the  growing  animal, 
and  is  thus  easily  pushed  forward,  or  made 
to  assume  any  form,  by  the  expanding  in- 
teriial  floslu'  matte!'     it  ailvamjci)  iii 


retepora?,  and  celleporte,  have  the  bard 
parts  almost  entiiely  embedded  in  the 
fleshy  substance^  and  all  acowid  their  tm 
and  grorag  nuiigiiia  they  are  thin,  ttiM- 

parent,  soft,  and  gelatinous.  The  cells  are 
formed  of  their  full  dimensions  nt  fust 
{112,  3'  ,  as  in  other  calcareous  finti  more 
solid  :&oophytes,  and  do  not  eulurge  aiter 
they  are  once  formed,  hut  only  strengthen- 
andoonacUdate  their  walls.  In  these,  aaSn 
other  forms  of  this  class,  the  polypus  never 
produces  its  roll,  but  the  cell  when  nearly 
completed,  begins  to  develop  a  polypus  at 
its  proximate  extremity.  TUs  1  ha\'e 
carefully  watdied  during  the  devdopment 
of  the  gemmules  of  llttstne,  and  the  mag- 
nified figures  before  you  represent  thfc  ap« 


direction  to  complete  the  adult  form  of  the  |  pearancaa  I  have  ebaenred  during  the  deve* 
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lopment  of  a  cell  (f)  from  the  gemmule  of 
a fluitra  carbena  (ff  1 ) .  The  yellow,  ovoidal 


gelatinous  geinmulc  coutains  at  Artit  no 
pcrcc])tiblti  cak'arcous  particle,  and  swims 
freely  through  the  water  by  the  action  of 
the  little  vihratilc  cilia  which  cover  its 
surface.  When  it  fixes  on  a  watch-glass, 
and  begins  to  spread  as  a  flat  expanded 
film  of  transparent  jolly,  it  secretes  opaque 
white  j)articlea  of  calcareous  matter  which 
form  the  outline  of  an  entire  cell.  The 
walln  of  the  cell  become  more  defined  and 
stronger,  and  minute  spiculte  begin  to 
shoot  inwards  from  their  margin.  The  ^ 
rudiment  of  a  jjolypus  appears  at  the  hot-  j 
toni  of  the  cell  which  has  yet  no  orifice  | 
{H  2).  The  membrane  enveloping  the 
embryo  polypus  rises  tapering  iipwanis 
to  near  the  tipper  end  of  the  cell,  and  an 
orifice  is  formed  ill  .1)  to  allow  the  young 
polypus  to  feel  the  influence  of  the  sur- 
rounding element. 


The  aperture,  and  all  the  delicate  struc- 
ture of  the  cell  completed,  and  the  polypus 
having  its  twenty-two  tentacula  (7  d),  and 
their  cilia  formed,  and  the  muscular  fila- 
ments which  connect  it  with  the  orifice 
and  the  base  of  the  cell,  sufficiently  de- 
veloped, we  find  this  singularly  compli- 
cated organ  (the  polypua)  busied  m  search 


of  prey,  and  respiring,  by  means  of  its 
cilia,  the  medium  in  which  it  lives.  Before 
this  period  of  the  development  of  the 
gemmule,  however,  we  obser%'e  the  mar- 
gin of  the  first-formed  ceW  radiating  out* 
wards  in  diflcrent  directions  to  form 
parts  of  surrounding  cells  {H  .1).  Tlio 
transparent  gelatinous  margin  of  the  gem- 
mule continues  always  to  extend  beyond 
the  extreme  visible  terminations  of  these 
radiating  calcareous  lines  which  fonn 
parts  of  new  and  commencing  cells.  Soon 
after  the  polypus  is  sufficiently  developed 
to  extend  from  the  ci  ll  iu  quest  of  prey, 
we  observe  its  ccecal  appendix  projecting 
from  the  left  side  of  its  alimentary  canal, 
perhaps  the  first  rudiment  of  a  liver  in  the 
animal  kingdom  (/ b). 

Such  appears  to  be  the  general  mode  of 
development  of  the  fleshy  substance,  and 
of  the  skeleton,  before  the  first  appear-, 
ance  of  the  ]K)lypi  in  the  animals  of  this 
vast  and  interesting  class ;  and  their  plant- 
like skeletons,  however  massive  or  rami- 
fied, are  as  much  the  organs  of  support  of 
one  individual  being,  as  the  shell  of  a 
gasteropod,  or  the  skeleton  of  the  human 
body.  We  pass  ))y  beautiful  gradations, 
from  the  horny  pori/era  through  the  soft 
alcyonia,  w  here  the  pores  are  develoi>e<i 
into  |>olypi,  through  the  various  flexible 
and  solid  zoophytes,  to  the  complex  corti- 
ciferous  sjjecies,  as  the  i>w,  which  lead  us 
to  the  fixed  ramified  and  jointed  family  of 
criiioidra  among  the  echinodcnna.  The 
can/ophiHite  and  oculinte  lead  to  the  ac- 
tiniiP,  and  the  massive  fungia:;  to  the  deli- 
cate porpU(v  and  velelltB  among  the  aca- 
lepha.  Many  zoophytes,  as  the  hydra 
and  zoanthtis,  arc  entirely  destitute  of  a 
skeleton,  by  which  they  have  greater 
flexibility,  more  extensive  motion,  and 
more  numerous  impressions  from  sur- 
rounding objects.  Where  the  ramifica- 
tions of  the  skeletons  are  numerous,  long, 
and  delicate,  and  exposed  to  the  incessant 
agitations  of  the  sea,  it  is  obvious  that  to 
withstand  the  shocks  they  must  be  flexible 
or  yielding,  citlur  by  having  a  large  pro- 
portion of  animal  mattiT,  as  in  the  rami- 
fied calcareous^leaves  of  Jluttrte  and  cp/- 
larite,  or  by  being  composed  of  a  homy 
flexil)le  substance,  as  in  gertulcritr  and 
yorgonia;  or  by  having  their  soUu  parts 
divided  into  numeroua^moveable  joints  as 
iu  the  i#t*.  Where  the  branches,  however, 
are  short,  or  the  skeleton  is  sessile,  and 
the  polypi  are  organised  for  larger  prey, 
the  solid  support  cannot  be  too  strong  and 
unyielding,  and  hence  the  massive  torma 
of  madrejjoreM,  meandrintp,  autra^ce,  caryo' 
phylixp,  and  ail  the  larger  lithophytes. 
But  although  we  can  perceive  how  beau- 
tifully all  this  is  arranged,  we  cannot  dis-. 
cover  gny  peculiarity  in  the  fleshy  crust 
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of  tlie  coral,  by  which  it  is  adapted  to 
Crete  its  elegant  pui'ple  ramifications  of 
iolSf)  linio,  V  hile  the  fleshy  crust  of  the 
goryonia  and  anltpathcs  secretes  au  clastic 
liomy  axis  j  nor  can  we  discover  by  what 
pectdiarity  of  structure  t>io  thick  fleshy 
crust  of  the  Ui»  is  cimblcd  to  secrete,  at 
regtdar  andalteniate  distances,  substances 
so  different  as  its  homy  and  calcnrcons 
joints.  Thus,  though  we  can  interpret 
natoTe  to  a  certaWi  extent,  and  -derive  in< 
finite  grratificatinn  from  the  constant  dis- 
cover}' of  new  beauties  in  her  works,  we 
can  never  hope,  by  entirely  revealing  her 
secrets,  to  deprive  future  generations  of 
the  same  source  of  pleasure  and  stimulus 
to  active  inquiry;  indeed,  the  march  of 
physical  science  is  only  the  disoivery  of 
new,  unexplored,  arxl  eiulless  regions  of 
research,  which  wouiii  go  on  progressively 
increasing  were  man  to  live  to  eternity. 

Tn-ninrrow  I  shall  proceed  to  tlic  skele- 
tons oi  the  next  claasesi  the  acalepba  and 
the  ecbinodenna. 
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THE  UiSRASKS  OK  THE  SANGUINEOUS 

Of  iht  AMraeHon  of  Shod, —  Oeneral 

Ob»erratiom  on  i7ic  J^liliiij  of  Bleeding. 
— Difference  in  the  Juffecit  of  abttracting 
Arterial  and.  Venous  Blood.— Of  a  local 
AMrtiethm  ^  Ehod.— Effects  qf  Bleed- 

intjfrom  IncisioiiffmaJp  In  ':nj!c:i,ied  Parts. 
•^Spontaneous  Bleedi/tffx  from  Wounds — 

Xoea/  £lee^gt  ^  vthm  to  be  eu^lojfed* 

On  the  Abstraction  of  Blood. 

The  abstraction  of  blood  from  the  body 
.is  one  of  the  roost  powerful  of  thera- 
peutic means.  I  shall  therefore  make  no 
apology  foi'  directing  your  attention  in  a 
particular  manner  to  this  "subject,  being 
persuaded  that  if  it  be  now  fully  explained, 
much  repetition  of  particuhur  diseases  will 
be  saved.  At  the  same  time  I  wiU  endea* 
Tonr  to  point  out  some  general  ndes  as 
regards  the  Hyraptoras  which  indicate  the 
propriety  of  Itlcediug,  the  quantity  of  blood 
which  ought  to-  be  taken,  and  the  com- 
parative advantages  of  each  mode  of  ab- 
stracting blood,  which  1  hope  you  vill 
6Bd  nsenil  in  the  practioe  of  your  pntfes- 
sion. 

I  may  remark,  thftt  the  obseiTations 


whicii  I  am  about  to  make  on  this  subject 

are  to  be  considered  chiefly  as  the  result 
of  my  own  experience  in  a  great  variety 
of  diseases  amongst  the  difl'erent  classes 
of  society;  for  yon  should  be  aware,  that 

I  diseases  assume  an  almost  infinite  variety 
of  form  amongst  different  ranks  of  the 

I  community.  This  ought  always  to  cau- 
tion you  nc^nirts't  attempting  to  draw  ge- 
neral conclusions  from  examples  of  dis- 
eases which  occur  only  amongst  a  par- 
ticular class  of  persons.  Those  who  may 
have  been  in  the  habit  of  seeing  diseases 
chiefly  amongst  the  peasantry,  or  in  the 
artny,  or  in  the  navy,  will  l)e  much  struck 
with  the  various  shades  which  the  same 
complaints  present  in  this  metropolis, 
where  you  will  meet  with  patients  whose 
constitutions  have  suffered  from  indulgence 
in  all  the  vices,  and  Irom  ail  the  mental 
exeitcmcnt  to  which  man  is  exposed  amid 
this  vast  concourse  of  human  beings. 

A  more  fit  opportunity  may  not,  per- 
haps, ooGurtium  the  present,  to  impress 
on  your  minds  the  inii  ortance  of  carefully 
watching  the  effects  of  the  same  remedy  in 
different  examples  of  the  same  disease,  and 
to  i)oint  out  to  you  in  what  manner  di"?- 
eases  are  mo<li'ied  by  the  various  circum- 
stances and  relations  of  each  individual 
case. 

No  two  example^  of  disease  arc  ever 
met  with  which  are  preciselv  the  same  in 
all  respects,  and  though  tney  may  re- 
semble each  other  in  many  essential  points, 
still  they  will  be  found  to  differ  in  every 
individinl,  either  according  to  the  period 
which  the  disease  has  existed,  the  age, 
the  sex,  tlie  temperament  of  the  patient, 
or  according  to  some  other  circumstance 
which  demands  consideration  in  the  treat- 
ment, and  which  ought  more  or  less  to 
modify  that  treatment.  This  observation 
applies  in  a  particular  manner  to  those 
diseases,  for  v  hirh  medicine  possesses 
what  13  usually  tailed  a  "specific"  re- 
medy. In  treating  all  these  diseases, 
evei*ything  depends  on  the  state  of  t^^e- 
ncral  health  in  the  individual  before  such 
specific  medicines  are  administered.  Frmn 
waiit  of  this  care  how  often  do  we  hear  of 
the  different  preparations  of  mercury, 
bark,  and  iron,  disagreeing  with  pardcnlar 
patients!  In  aimust  every  instance  this 
will  he  tbund  to  arise  from  the  alimentary 
canal  being  In  a  deranged  state,  which 
state  ought  to  have  been  corrected  pre- 
vious to  adininistering  the  specific  remedy. 
The  most  u.-ietul  medicines  oftcn^all  into 
disrejmtc  from  want  of  such  attention, 
whilst  in  other  instances  the  dose  mu-»t  be 
changed,  as  well  as  the  form  of  administer- 
ing it.  I  do  not  mean  to  affirm  that  there 
nrc  no  individuals  with  whom  partic  ular 
medicines  disagree.   Un  .  the  coatraiy. 
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LECTURE  VI. 

ON  THE  ORGAN.S  OP  SUPPORT  OF  ACA- 
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Gbxtlemrx, — The  next  class  of  ani» 
nrals,  the  skeletons  of  which  we  have  to 
examine,  is  that  denominated  acalepha. 
There  are  bttC  few  parte  in  this  class  (rf 
animals  which  we  can  con^i  k  r  as  analo- 
gous to  a  dcfiletoni  indeed,  the  skeleton 
In  ft  solid  state,  consolidated  by  the  car- 
bonate of  lime,  scarcely  occurs  in  more 
than  two  genera  of  acalepha.  In  the  re- 
Miff  iK)  and  porpita  (J)  we  have  exam- 
ples, in  this  class,  of  animals  with  thin 
flexible  calcaroon<i  skflotons.  The  greater 
number  of  them,  as  the  physaiia,  bcroe, 
and  tlw  Tirioiie  forms  of  the  incdusa% 
have  scarcely  any  hard  substance  of  tins 
kind  beyond  a  cartili^inous  substance, 
which  is  placed  generuly  In  fhe  fonn  of 
curv-ed  cohimns  ronml  the  cntfanceof  the 
stomach.  In  the  beroe,  in  die  equoroa, 
and  in  many  of  the  minutest  forms  of  the 
acale[)ha,  }  nu  rnuld  scarcely  consider  any 
|»art  AS  analogous  to  »  skeleton.  These 
are  those  email  gelatinous  bodies  that  you 
see  soinetiines  in  the  Thames,  near  Shcp- 

gy,  so  abundant  in  tlie  water  as  to  change 
»  colour — they  are  part  of  the  little  ani- 
mala  which  give  the  chief  luminosity  to 
the  sea,  and  which  you  find  so  ahnndaiit 
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in  it,  that  humirecU  of  miles  have  bccu 
traversed,  illuminated  by  them  in  one  con- 
tinuous line.  Capt.  Scoresbv  counted 
100,000  of  them  in  a  cubic  foot  of  water. 
In  tiie  Arctic  seas  they  are  the  principal 
footl  of  the  "VVhiUes.  These  little  animals 
have  nothing  that  can  be  considered  as  a 
skeleton — no  particle  of  tiie  carbonate  or 
of  the  phosphate  of  lime  entering  into 
their  composition.  But  in  the  larper  forms 
of  the  medusa%  you  find  diiiimsed  arouud 
tlie  circular  part  and  lower  centre,  cnnred 
cartilaifinous  bands,  which  give  support 
to  the  appendices  that  hang  down  ftom 
the  ooitre  of  the  lower  part  of  the  mantle. 
They  are  the  fixed  points  by  which  the 
contractions  of  the  mantle  are  directed  to 
the  lower  centre^hy  which  moveroenti 
the  medusic  swim  thront^h  the  sea.  They 
have  no  particular  organs  of  motion  dif- 
ferent from  the  general  convex  fleshy 
mantle  which  covers  all  the  other  parts  of 
their  body.  When  you  find  those 
(lusx  bleaching  on  the  sea- shores  in  the 
air,  and  in  the  summer's  sun,  on  all  parta 
of  our  coast,  in  incalculable  myriads,  you 
\^111  find  that  the  last  part  to  dissolve 
away  is  this  firm  transparent  cartilagi- 
nous  texture  around  the  mouth,  forming 
the  thickest  part  of  the  dried  disc,  which 
is  left  exposed  by  the  evaporation  of  the 
H(piid  i)arts,  the  cellular  texttire  re- 
maining behind,  which  also  soon  disap- 
pears, and  no  trace  of  these  soft  stinging 
animals  ii  at  length  to  be  perceived  on  the 
shorps  where  they  were  strewed  in  thou- 
sands. 

Now,  although  there  are  no  parts  of  this 
density  in  the  smaller  and  softer  fonns  of 
acalepha  which  I  have  mentioned,  there 
are  some  of  thosft  animals  which  have 
cilia  for  pros^rcssive  motion ;  they  are  the 
ciiioffrades  of  Professor  Bx.ainvji.i.k,  and 
their  cilia  are  always  aMached  to  a  firmer 
portion  of  the  general  cellular  substance 
composing  the  greater  part  of  their  body. 

I  had  occaston  to  allude  to  this  small 
ciliograde  animal  the  beroe  before,  when 
speaking:  of  the  attachments  of  cilia  in 
animalcules.  We  find  in  it  eight  longi- 
tudinal bands  extending  from  the  mouth 
in  the  centre  below,  upwaidi  tQ  near  iho 
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anus,  which  is  di^onally  opposite  the 
mouth.  These  bands  arc  of  greater  opa- 
city, of  a  firmer  texture,  and  are  the 
parts  upon  which  the  vibratilc  cilia  arc 
disposed,  serving  thus  as  a  support  for 
the  organs  of  progressive  motion,  and 
beiiit:,  ajjpareiitly,  the  fimicat  parts  of  tlie 
cellular  texture  of  the  body.  These  parts, 
though  soft^  may,  in  some  manner,  he 
looked  upon  as  an  elementary  skeleton, 
like  the coh«>poiuUng  parts maoitoalculcs. 
The  cilia  of  beroe  are  formed  with  rays 
like  the  fins  of  a  fish,  and  are  analogous  to 
the  feet  of  echinida. 


lie  calcareous  skeleton  of  the  small 

group  I  liave  mentioned,  comprehending 
theporpUa  (J)  aadthevelelia  {K)t  exists  in 
the  lower  part  of  the  mantle,  which  is  the 
circular  traasiiarent  disc  {K 1,  a)  cuvei  - 
ing  the  upper  part  of  the  porpita.  Tlie 
porpita  is  like  a  velclla,  without  its  per- 
pendicidar  crest  ;  A'  2,  a).  You  will  see 
here  a  firm,  cellular,  white,  porous,  cal- 
careous disc,  and  this  agrees  with  the 
skeletons  of  many  of  the  aoophytes.  In 
the  reteponc,  in  the  escharte,  flustra",  cel- 
leporse,  aud  many  similar  genera,  we  find 
a  similar  cellular  or  reticulate  structure 

of  the  skeleton;  we  find  it  here  in  the 
porpita  from  the  Indian  seas,  in  the  vc- 
li^a  limhosa  we  find  the  skeleton,  though 
transparent,  consolidated  by  earthy  matter, 
and  serving  as  a  solid  framework  for  the 
proteotiou  and  support  of  the  soft  parts. 


Hie  ikeletoiiof  fheesliBSscoiitislsdiieflyof 
two  plates,  itaynm  one,  of  an  oMong  form, 


is  disposed  horizontally  (K  2,b),  as  you 
will  observe  by  these  numerous  specimens, 
which  I  collected  last  year  on  the  coast  of 
Cornwall.  The  lower  one,  of  an  oblong 
and  concave  form,  is  placed  horizontally, 
and  consists  of  several  thin  plates  (K2t  c), 
disposed  upon  each  other  like  the  layers 
of  a  shell.  From  the  concave  centre  of 
the  lowest  part  of  this  plate  (A*  1),  hangs 
down  the  circular  tubular  mouth  of  the 
veleUa.  Around  the  mouth  arc  disposed 
numerous  small  tuhnlar  suckers,  resem-. 
bling  the  feet  of  many  radiated  animals. 
Around  the  edge  of  this  oblong  |)late  hangs 
down  the  margin  of  the  gelatmous  blue- 
coloured  mantle  (A*  1,  a).  Arising  from  the 
u])i)Cr  surface  of  this  plate,  and  traversing 
obliquely  ils  centre,  there  is  a  perpendi- 
cular very  thin  crescentic  plate  (A'  2,  a) 
in  the  veleUa,  v.  hich  you  observe  in  all  the 
I  specimens  that  are  before  you,obtained  both 
from  the  British  and  ftom  the  Indian  seas. 
These  plates,  ns  you  will  perceive  by  look- 
ing thron^li  them,  arc  distinctly  composed 
of  layers  deposited  by  the  gelatinous  man- 
tle, t!ie  curved  margins  of  which  lay- 
ers are  very  visible  (A' 2,  cj.  The  skele-< 
tons  appear  to  be  extra-vascular  and  un- 
organised, althnu:_;]i  in  the  central  part 
of  the  body,  and  completely  surrounded  by 
the  llcshy  substance,  like  the  extra-vascular 
and  unorganised  corals  which  wc  wei^e 
considering  yesterday,  and  their  softness 
and  delicacy  correspond  with  the  softness 
and  moMli^  of  the  emhedding  fleshy  sab-^ 
stance.  ' 

The  skeleton  of  the  next  class  of  ani- 
mals, the  teMnoderfMy  presents  much 
more  variety  in  its  form,  its  consistence, 
and  its  nature,  than  the  class  aetdqfha. 
1  u  some  of  the  animals  which  we  still 
place  among  the  echinoderroa,  there  is 
no  solid  part  on  the  surface,  and  scarcely 
a  trace  of  any  kind,  internally,  uf  a  skele- 
ton. This  may  be  stated  of  the  actinia, 
of  the  siponculus,  and  several  other  forms 
of  the  echinoderraa.  We  observe,  how- 
ever, that  the  actinia,  or  common  sea* 
anemone,  though  it  possesses  no  skeleton 
or  solid  part  externally  or  internally,  is 
still  coveired  with  a  very  dens^  irritably 

coriaceous  integument,  which  protects  all 
the  delicate  organization  witliin.  Many  of 
the  species  protect  themselves  ftirther,  by 
causing  to  adhere  to  their  surface,  by 
minute  snckers  disposed  on  their  surface, 
particles  of  shells,  particles  of  sand,  gravel, 
and  other  heterogeneous  substances.  This 
extraneous  covering  which  they  cause 
firmly  to  adhere  to  their  surface,  as  you 
can  observe  by  attempting  to  tear  one  of 
these  fragments  from  the  animals,  serves 
not  only  to  protect  them,  but  to  conceal 
tiiem;  ibr  being  thus  oovefed,  yon  ean 
■cifcely  dliiliigiilili  timoa  ftoni  thft 
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or  grftvcl  or  tlieUy  bodiet  ftmon^  w1ilc1i|t1ie  aminab,  and  which  can  Be  fercftly  eon- 

they  are  placed    Tliis  is  a  mode  of  ])i'o-  tnu  tcd  and  entirely  concealed  within  tt» 


tectioK  the  soft  parts  which  we  shall  find 
nhan&ntly  fflnstrated  and  extended  as  we 

proceed  through  other  cliisses  of  animals 
not  gifted  with  a  power  of  secreting  for 


body. 

In  considering  the  skdetona  of  the 

zoophytes— the  potyptferous  animals— we 
saw  that  the  greater  nnmhcr  of  them  were 


tliemsclves,  hy  their  own  vital  energies,  a  fixed  to  a  point  for  life,  and  that  the  ani- 
akeleton  of  any  kind,  yet  having  instincts }  lunU  could  not  swim  to  and  fro  in  seareil, 


and  apparatus  for  collrcting  forciprn  mat- j  of  their  food  in  the  sea.  This  appears  to 
ter  ai  tjuad  theiu,  and  forming  shields  of  I  have  been  also  the  case  with  vast  tribes  of 
various  kinds.   Worms,  whose  skeleton  is  •  the  echinodeima,  which  have  once  inha- 

st  ill  soft,  %\c'  shall  ^5oon  8(>c  form  to  them- 1  bitcd  otir  seas  in  incalculaT)le  numbers. 


selves  tubes  of  sand  and  shells,  and  various 
estraneone  substances.  There  is  an  ex« 
of  the  same  thing  in  the  actinia— 
the  comuiou  sea-anemone — but  its  tougii, 
irritable,  coriaceous  integument  is  the 
part  which  is  analogous  to  the  more  solid 
£tkeletous  of  most  of  the  s]>ecie8  of  echiuo- 
dcrma. 

Now  in  the  family  of  the  holothuvida,  the 
surface  of  the  body  is  covered  with  the  same 
coriaceous,  tough,  contractile  inte;^uuiLnt, 
as  tliat  of  the  actinia.  This  is  the  case 
also  with  the  sipoiu  uins,  and  most  of  the 
soft  ecbinodcrmatous  animals.  But  in  the 
bolothurida  (or  animals  resembling  the 
holotliuria),  althoui;h  there  is  no  central 
aolid  skeleton  supporting  the  body,  there 
are  solid  internal  parts  which  sen^e  fur 
the  attachment  of  muscle;;.  There  are 
solid  parts  in  the  bolothurida,  as  you  see 
exhibited  in  the  dissected  specimens  of 
the  bolothurida  before  you.  They  form  a 
circle  of  five  pairs  of  moveable  pieces^,  <V\9- 
posed,  like  the  alveoli  and  tcclh  of  the 
echinus  (L  'A;  and  cidaris,  around  the 
mouth.  These  five  pairs  of  har<i  calca- 
reous pieces,  the  only  hard  parts  of  this 
animaTs  body,  resemble  in  their  general 
form,  in  their  position,  in  the  manner  in 
which  ttiey  are  connected  together,  and 
with  the  muscles  of  the  mouth,  the  com- 
plicated apparatus  of  teeth  and  alveoli 
which  we  find  in  the  common  echinus 
(Z,),  aud  in  the  cidaris.  Their  composi- 
tion and  mode  of  growth  are  the  same. 
They  give  a  solid  attachment  to  the  mus- 
cles of  the  moutli,  aud  they  probably 
serve  to  subdivide  the  food  of  thia  highly- 
organised  animal. 

The  bolothurida,  like  tlic  echinoderma, 
which  have  teeth,  may  be  ascertained, 
hy  the  contents  of  its  stomach  and  in- 
testine, to  feed  upon  the  minuter  testa- 
ceona  and  crustaceous  animals.  This  is 

apparent  from  the  eoiisideiahle  (juantitie?: 
of  shells  and  sand  and  particles  of  gravel 
which  you  sec  filling  the  intestine  in  these 
dissected  S|)edmens.   The  solid  parts  sur 

rounding  the  mouth  of  the  h  ilothnrida 
serve  also  for  the  attaehuKnt  ui  ilie  lon- 
gitudinal muscular  bands  of  the  bo.!\, 
ail  I  support  the  long  ramified  tentacula 


The  immense  family  of  echinoderma  de- 
nominated erlaoidSra,  was  composed  of 

fi\od  animals  of  this  kind,  and  which  were 
closely  allied  to  the  euryalc,  comatula^ 
ophiura,  and  many  others,  which  at  pre- 
sent  inhabit  our  oviji  seas,  but  they  dif- 
fered from  all  those  in  being  fixed  by  a 
peduncle  to  the  solid  rock,  growing  up  by 
a  stem,  and  ramifying,  and  the  nmifiea 
portion  having  much  of  the  organization 
of  the  comatula  andeuryale.  We  see  that 
those  animals  have  adhered  to  the  rode, 
by  finding',  in  a  fossil  state,  many  rera- 
iiauts  still  adhering  by  an  expanded  circu- 
lar disc ;  tbe  first  or  lowest  ring  formed 
arlherino:  to  the  rock  from  which  they 
originally  extended  their  body,  like  the  ex* 
isting  pentacrinus  of  the  American  and 
British  seas. 

The  various  forms  of  encriuites  with 
which  you  are  familiar,  occurring  so 
abundantly  in  ancient  strata,  and  particu- 
larly in  the  ol(;<----t  limestone  formations 
— ^the  liaiestonc  bil'>:iging  to  tbe  tran- 
sition formations,  lb  und  with  singular 
forms  of  these  fixed  radiated  animals, 
amongst  the  oldest  inhabitants  of  this 
globe  with  which  we  have  now  the  lAeana 
of  becoming  acquainr- ■  The  bodies  you 
now  look  upon,  composed  of  detached 
joints,  some  drcular,  some  pentagonal, 
are  portions  of  the  stem  and  branches  of 
the  peutacrinites  and  other  crinoidea. 
Various  other  forms  belong  to  this  almost 
extinct  tribe.  We  have  at  this  time,  livin|^ 
in  different  parts  of  the  ocean,  and  even 
on  our  own  coast,  two  animals  belonging 
to  the  gentu  pentacrinus— the  pentacrinm 
EtrropavSy  and  p.  Cftpuf  medujiee.  They  arc 
precisely  of  the  character  which  we  have 
every  reason  to  believe  has  belonged  ge- 
nerally to  this  family,  possessiiic;  a  pedun- 
cle, and  that  calcareous  peduncle  being 
moveable,  and  found  attached  to  rocks  or 
plants  at  the  bottom  of  the  sea.  One  hixfs 
been  found  in  the  Bay  of  Cork  in  Ireland. 
In  ancient  seas  they  were  so  abundant, 
that  we  find  entire  rocks  and  strata  oom- 
])Oscd  of  their  remains.  In  this  mass  of 
limestone  you  can  scarcely  ssjc  anytinng 
)ut  fragments  of  the  fixed,  jointed,  echi« 


noderma  belonging  to  this  ctenoid  family, 
wUicU  ore  extended  around  the  mouth  of]  Each  of  these  forma  of  the  crinoidea  poi* 
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sesses  a  mode  of  formation  pecuUu*  to 
ilMlf,  both  in  the  forms  of  the  several 
pieces,  and  in  the  mode  of  their  union, 
particularly  at  the  upper  extremity  of  the 
peduiide  or  axit,  the  body  of  the  Miiiiial 
arom  which  the  ndimted  extremities  di' 
Tern. 

The  itons  lad  natare  of  the  skeleton 
of  these  animals  offer  an  interesting  sub- 
ject of  study  for  the  geologist,  becatise  of 
the  numerous  entire  families  of  them 
which  occur  only  in  a  fossil  state,  and  in 
the  oldest  rocks.  There  can  he  no  doubt 
that  they  have  all  contained  the  phosphate, 
along  with  a  much  krger  proportion  of 
the  carbonntp  of  limp, — that  they  have 
been  unorganised  skeletons  which  have 
been  formed,  by  successive  depositfons 
around  each  joint,  from  an  exterior  enve- 
loping animated  fleshy  coveringt  as  in  the 
existing  pentacrinus  of  onr  own  seas.  They 
appear  as  if  formed  by  the  union  and  con- 
solidation of  all  the  pieces  which  enter 
into  the  formation  of  each  ring  or  seg- 
ment of  the  asterias  and  other  radiated* 
existing  animals. 

On  examining  the  arrangement  and  the 
forms  of  the  separate  little  pieces  which 
surround  each  segment  or  ring  of  the 
stellerida,  w*e  observe  great  regularity  and 
constancy  fai  the  dbporithm  of  aiu  the 
parts.  Thry  arc  composed  chiefly  of  the 
carbonate  of  lime,  but  they  contain  also  a 
little  of  the  phosphate,  as  shown  by 
Hatciii'TT.  The  j)hosph.itc  of  liine  lias 
been  found  by  the  recent  analyses  of 
SroLTzn  to  be  in  greater  proportion  in 
the  solid  forms  of  the  skeleton  we  meet 
with  in  the  echinida  than  in  the  stclle- 
rida;  but  still  the  phosphate  of  lime  doea 
exist  in  the  solid  pieces  of  this  asterias 
■which  I  hold  in  my  hand.  When  wo  ex- 
amine the  disposition  of  the  several  parts 
of  the  extenud  skeleton  of  the  asterias  or 
the  ophinra,  you  perceive  that  they  are 
placed  in  numerous  contiguous  circles 
Touttd  the  divisions  of  the  body— tiiose 
divisions  through  which  the  intestines  and 
the  ovaries  extend  in  the  asterias.  These 
circlet  or  rings  are  composed  generally  of 
eight  pieces,  bat  the  number  of  segments 
or  rings  varies  according  to  the  age  or  the 
state  of  development.  Eight  are  counted  iu 
the  case  of  the  animal  1  bold  in  my  hand 
—  the  asterias  aurantiaca,  so  minutely  de- 
scribed by  TiKUEMANN  and  by  Meckel. 
These  eight  pieces  are  disposed  in  a  cir- 
cular form  around  the  arms  or  divisions  of 
the  body.  Sometimes  these  rings  are  ex- 
tremely numerous.  In  the  specimen, I 
have  here,  there  bnvc  >)een  counted  eighty 
rings  in  each  ray.  There  are  five  rays 
here,  as  there  are  in  the  greater  number 
of  the  species  of  asterias.  It  is  thus  ap- 
parent, thcOf  that  there  are  about  from 


640  to  700  separate  pieces  in  each  ray 
of  the  body;  and  in  the  whole  about 

from  3200  to  3500  separate  pieces,  sur- 
rounding the  rays  in  this  five-rayed  spe- 
cies. Now  you  will  observe,  that  the 
larger  pieces  are  generally  placed  towards 
the  lower  part  of  each  of  the  rays  of  the 
body  along  the  sides  of  the  ambulacra. 
Tliey  form  the  sides  of  the  rays ;  and  in 
the  centre  below  we  find,  between  the  la- 
teral rows  of  pieces,  numerous  oblique 
circular  i>erforations— through  which  ex- 
tend, in  the  living  state,  the  minute  cir- 
cular tubular  fleshy  arms  by  which 
the  animals  fix  themselves  or  move  to 
and  fro.  The  perforated  portions  of  the 
skeleton  (which  you  perceive  is  of  con« 
siderable  density)  occupy  these  central 
grooves,  and  are  denominated  the  ambu- 
lacra, no  that  you  observe  here  five  ambu- 
lacra, one  extending  along  the  base  or 
lower  part  of  each  of  the  division?.  ThQ%, 
stronger  lateral  plates  give  origin  ge» 
nerally  and  support  to  spines  which  pro- 
ject from  their  surface.  These  spines  are 
moveable,  and,  no  doubt^  frequently  used 
in  progressive  motion  as  well  as  in  defence. 
In  the  contracted  state  of  the  animal  these 
spines  along  the  sides  of  the  nmbidacra 
being  brought  near  to  each  otlier  below» 
protect  the  ^remities  of  the  arms,  which 
are  retracted  into  their  small  perforations. 
The  upper  part  of  the  body  of  these  ani  - 
mals has  calcareous  portions,  generally 
smaller,  and  thrown  tn  a  greater  distance 
from  each  other.  The  integument  is  ex- 
tremely coriaceous.  It  is  capable  of  great 
contractility  when  irritated.  It  is  ca- 
pal)le  of  heinn:  pxtendcd  to  a  considerable 
degree  by  the  water  taken  in  for  respira- 
tion. It  is  capable  of  great  extetision*  for 
containing  the  reproductive  s^em  mule-sacs, 
called  the  ovaries.  But  when  in  the  dis- 
tended and  translucent  state,  if  irritated  or 
injured,  3'ou  will  soon  observe  it  contract 
and  become  opaque  at  the  part  touched. 
Looking  at  the  upper  snrnce  of  this  Ir- 
ritable integument,  you  will  see  it  is  tra- 
versed bynumerous  white-coloured  opaque 
lines.  These  are  rendered  firm  «id 
opaque  by  the  quantity  of  carbotmte  and 
l)hospbate  of  lime  which  this  reticulate 
part  of  the  integument  contains.  Between 
two  of  the  legs  or  diviskme  of  tiie  animal 
you  will  observe  on  the  upper  surface  a 
circular,  small,  convex,  tiolid  body,  which 
on  being  examined  with  a  lens,  has  much 
the  appearance  of  the  large  nieandrina — 
the  brain  madret>ore  which  we  had  on 
the  table  yestcroay.  It  encloses  in 
inner  surface  a  sac,  which  contains  a 
thick  grumous  substance,  which  is  found 
by  analysis  to  consist  of  carbonate  and 
phosphate  of  lime,  but  no  urea.  Urea 

was  ex|)cctcd  to  he  found  iu  it  in  con- 
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sequence  of  distinct  organs  for  secret- 
ing that  substance  in  other  animals 
being  found.  There  is  a  glandular  sac 
observable  in     which  was  thought  to  be 

designed  to  separate  from  the  nutritious 
fluid  circulating  iu  the  vessels  around  it, 
the  calcareous  substance  which  was  to 
form  the  skeleton.    This  was  the  opinion 

of  TiBDEMANN.    MECKEL,  howevet,  ftOIU 

observinp^  that  this  earthy  matter  in  other 

animals  is  formed  at  the  jxjint.s  of  the  hody 
where  it  is  deposited,  and  that  this  cai- 
dfiant  glandular  sac  is  least  developed 
where  the  earthy  skeleton  is  largest,  con- 
siders it  as  not  subservient  to  the  separa- 
tion of  the  earthy  luatter  for  the  skeleton, 
hut  that  it  is  an  organ  destined  to  excrete 
something  from  the  bloodvessels  with 
which  it  is  connected,  rather  than  to  se- 
parate those  earths  to  form  the  skeleton. 

The  divisions  of  the  body  in  the  animals 
of  which  I  have  been  speaking,  belonging 
to  the  genus  tuitrkUj  contain,  as  1  have 
mentioned  to  you,  th^  \  iacera  of  the  ani- 
mal, particularly  the  ititestiue  and  the 
ovary,  one  of  these  on  each  side  of  each 
division;  so  that  in  this  specimen  with 
five  divisions  there  arc  ten  ovaries  and 
ten  cxca.  But  in  the  animals  I  now  hold 
in  my  hand,  the  ophiui'x,  which  so  much 
resemble  the  asterias  that  formerly  they 
were  placed  in  the  same  genus,  the  divi- 
sions of  the  body  do  not  contain  the  vis- 
cera. Tlie  viscera  in  them  arc  confined  to 
the  large  central  disc,  from  which  radiate 
the  diMsIons  of  ttie  bodf»  and  those  di- 
visions arc  more  like  true  extremities  for 
progressive  motion. 

In  examining  the  pieces  which  snrrotmd 
these  extremities  of  the  ophinra  we  find 
the  arrangement,  and  even  the  number  of 
the  pieces,  to  correspond  singularly  with 
those  composing  the  rings  or  segments  of 
the  aetcrias  ;  and,  as  you  observe  in  this 
op/nnra,  echinata,  the  pieces  have  often 
spines  attached  to  their  outer  surface. 
These  external  calcareous  sjjines  in  the 
Mtellerida  arc  gcueraUy  attached  by  move- 
able articulanons  to  prominent  tubercles, 
as  in  the  more  solid  forms  of  echhrida  fXf), 
and  iu  all  these  animals  they  apfiear  to  be 
formed  in  the  same  manner  by  the  trans^ 
parent  investing  membrane,  v,  ithout  j)os- 
sessing  any  internal  means  of  growth  or 
repair.  The  spines  on  the  soft  backs  of 
the  asterida  are  often  extremely  numerous 
and  minute,  and  elegantly  arranged  in 
groups ;  they  may  prove  a  means  of 
defence  by  being  collected  closely  together 
during  the  contracted  condition  of  the 
skill.  Sometimes  they  are  white,  and 
sometimes  they  have  colours  which  con> 
trast  beautifully  with  the  deep  hues  of  the 
skin*  ■  They  have  no  apparent  source  of 
pirtritioa  at  eitiier  eztromity,  or  in  thdr 


middle ;  but  they  appear  to  grow,  like  shells, 

'  hy  additions  to  every  part  of  them  which 
is  next  to  the  enveloping  fleshy  substance. 
The  central  disc  of  the  ophiura  is  snr* 
rounded  by  pieces  like  those  which  sur- 
round the  central  body  of  the  asterias; 
but  here  they  are  large  and  more  solid. 
There  are  ambidacra  in  the  ophiura  as 
well  as  in  the  asterias,  and  those  ambu' 
lacra  are  perforated  in  the  same  way,  for 
the  feet  hy  svhich  ihese  little  animals  move 
to  and  fro.   Even  the  ramifications  of  the 
body  of  the  euryale  are  surrounded  vrith 
rings,  much  more  complete  than  in  tho 
case  of  the  asterias,  and  more  complete 
than  in  most  of  the  ophiura-,  which  re- 
markably agree  with  those  that  surround 
the  extremities  of  the  asterias,  hut  the 
component    pieces   are   observed  gra- 
dually to  anchylose,  and  to  meet  above^ 
where    there  is   a  deficiency  occupied 
by  soft  skin  in  the  asterias.  Thus  wo 
are  gradually  led  to  tiie  simplest  form 
of  the    asterias    in    passing  upwards 
through  all  the  jointed  and  radiated  forms 
of  the  echinoderma.   We  saw  the  jointed, 
ramified,  and  fixed  skeletons  of  the  coral- 
lines, dichotomariae,  ises,  and  other  calca- 
reous zoophytes,  which  led  us  naturally 
to  dm  fixed  and  ramified  skeletons  of  the 
numerous  extinct  forms  of  ri-innidea,  and 
to  the  existing  genus  pentacriuus.  These 
skeletons,  like  that  of  the  m»  (G  1),  were 
formed  by  depositions  of  earthy  matter  from 
an  enveloping  fleshy  crust,  which  we  caa 
trace  through  all  the  higher  forms  of  echi- 
noderma.  The  solidity  of  the  joints  ia 
the  family  of  crinoidea,  accords  with  their 
fixed  condition  at  the  bottom  of  the  sea, 
and  corresjionds  remarkahly  with  the  con- 
dition of  those  joints  in  the  polypiferous 
animals.    But  the  central  cavity  of  the 
joints  enlarge^  and  the  segments  conse* 
qiiently  become  more  fi'-x!t)Ie  and  soft,  as 
we  ascend  to  simjjler  forms  in  passing  up 
through  the  conmtnlasy  the  euryale^  tho 
ophiura;,  and   all  the  forms  of  asterias. 
The  iutcrual  cavity  thus  developed  in  the 
centretof  the  skeleton  becomes  the  seat  of 
orj^an.s  more  and  more  complicated  and  im- 
portant, and  the  outward  appcndicea  and 
ramifications  become  less  and  less  nume- 
rous  and   Huhdivided.    Tlic  component 
pieces  or  elements  of  the  original  solid 
segments  are  thus  enlarged,  detached,  and 
kept  apart,  and  admit  of  free  motion  upon 
each   other.    A   greater  development  is 
thus  allowed  to  the  important  organs  of 
digestion,  generation,  circiUation,  and  re- 
spiration, so  complicated  in  the  asterias. 
Tiie  elements  of  the  skeleton  m  higher 
forms,  in  place  of  constituting  amere  solid 
axis  of  support,  as  in  the  crinoid  family, 
are  now  employed  to  conrolidate  the  walla 
of  an  increasing  abdomittal  cavity,  and 
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the  original  numerons  ramificatioTi?,  -<A'hich 
composed  nearly  thu  whole  auimahi,  uae 
now  diminished  to  mere  spines  for  defence 
throwTi  over  the  exterior  of  the  general 
cavity.  The  component  pieces  ossify  aud 
ejq^and  around  this  abdominal  cavity,  so 
4a  to  compose  an  exterior  shell,  like  tlint 
<tf  tile  articulated  and  molluscous  classes, 
in  which,  however,  the  original  pieces  are 
still  perceptible,  and  necessarily  kept 
asunder,  to  allow  of  the  requisite  growth 
and  expansioa  of  these  external  globular 
and  unorganised  coverings.  In  lising  from 
the  depressefl  and  even  divided  forms  of 
the  gcutelleBf  bo  closely  allied  to  some  of 
the  atterice,  to  the  more  convex  and  glo- 
bulai*  forms  of  the  cchinida,  the  solidity 
of  the  whole  exterior  skeleton  increases.  | 
llie  component  pieces  or  external  plates  | 
hccoMC  thicker,  stronjjcr,  and  more  art  - 
fully united  in  the  construction  of  the  edi- 1 
flccr  and  the  exterior  spines  become  larger  i 
and  more  solid.  The  forms  of  those  ske- 
l,etQQs  of  the  solid  echinida  which  now 
exist,  would  appear  much  more  isolated,  I 
were  we  not  familiar  with  many  of  the 
fossil  forms  so  abundant  in  our  chalk  for- 
mations, which  often  present  the  inter- 
mediate links  of  gradation  which  liave 
disa»>])oared  from  the  present  surface  of 
our  e.uth.  By  the  lengthening  of  the 
axis  of  tlie  globular  echinida,  and  the  soft- 
ening of  the  exterior  shell,  natme  has 
arrived  at  the  forms  of  the  various  holo- 
thurdicB,  and  these  lengthened,  cylindrical, 
and  soft  echinoderma  lead  us  naturally  to 
the  worms  at  the  bottom  of  the  articula- 
ted division  of  the  animal  kingdom. 

It  *  I  interesting  to  observe,  as  we  thus 
rise  in  the  scale  ofaoimals,  the  gradual  sim- 
plif}ing  of  the  outward  forms',  acconipan)  - 
ing  the  increased  elahoratlon  of  tlie  inter- 
nal mechanism.  The  vital  energies  of  the 
zoophyte,  like  those  of  a  plant,  are  spent 
in  the  endless  repetition  f  t  rli  simplest 
parts  of  the  stnicturc,  in  the  production  of 
ramifications  ia  which  the  structure  is 
everywhere  similar,  and  cvcr)'where  sim- 
ple. But  as  the  central  ahdoniitial  cu\  ity 
is  developed  in  the  cricoid  family,  the  out- 
ward ramifications  diminish,  and,  iropor* 
tant  orgatts  dcvolopini>  in  that  cavity  in 
higher  cchinodei'ma,  we  see  the  outwai'd 
ornaments  all  cut  off,  and  the  vitsl  ener- 
gies of  the  echinida  directed  tu  internal 
development.  We  can  trace  this  inverse 
ratio  air  the  outward  and  inward  develop- 
ments throughout  all  the  higher  grades  of 
animal  existence.  The  wild  irregularity 
of  the  inferior  plant-like  forms  becomes 
now  aoftened  down  to  a  qmmetrical  ar- 
rangement of  all  the  parts  arocmd  an  axis, 
previous  to  their  disposition  on  each  side 
of  a  median  plane,  which  is  the  symmetry 
qI  the  mott  derated  Amu  of  imiDMb.  At 


the  outlet  we  could  scarcely  perceive  any 
unity  of  plan  either  in  the  materiai»  or  tlie 
construction  of  the  polymorphous  skele- 
tons of  the  poriferous  animals,  or  in  the 
innumerable  forms  of  zoophytes,  ^ut 
now  we  begin  to  pen^ve  a  unity  of  plan 
to  pervade  the  structure  of  the  most  di- 
versified skeletons  of  the  echinodorma. 
And  it  is  above  all  things  important  for 
you  to  watch  nature's  mode  of  procedure 
in  the  gradual  development  of  new  forms } 
how  she  can  vary  the  form  of  her  elements 
in  the  construction  of  skeletons  withmit 
once  quitting  the  plan  she  has  adopted 
through  extensive  series  of  forms  i  for  if 
you  can  perceive  this  in  the  skeleton  of 
animals  so  low  in  the  scale,  how  much 
njore  must  you  expect  a  unity  of  plan  to 
be  nmnifetted  in  move  important  systems 
of  the  economy,  and  iti  higher  forms  of 
organization  1    The  low  condition  of  the 
organization,  particularly  of  the  nervous 
system,  of  the  echinida,  re<piircs  every 
means  of  protccUou  and  support  from 
their  skeleton,  which  thus  envelops  their 
whole  body,  and  th',  ir  \  ital  functions  are 
yet  inadequate  to  th'^  periodical  casting 
and  renewing  of  so  large  a  mass  of  solid 
matter.   It  is  beautiful  to  sec  how  nature 
has  contrived  to  provide  them  with  a  ske- 
leton which  is    extravascnlar   and  im- 
organised,  like  the  shells  of  moUuscoua 
and  articulated  aniinnls, —whivh  envelops 
every  part  of  their  body,— which  is  not 
periodically  cast  off  to  allow  of  the  en- 
largement and  growth  of  thn  cnntained 
organs, — which  doti  not  consist  of  open 
valves  to  allow  of  increase  by  the  addition 
of  new  layers  within,  nor  of  an  open  cone 
like  the  shell  of  a  gasteropod,— and  which 
}  ct  presents  no  impediment  to  the  rapid 
growth  of  the  soft  parts  contained  within 
I  this  hard  unorganised  ball.    From  thede- 
I  pressed  forma  of  the  aeutcUce,  which  come 
'  so  near  to  some  of  the  tuterice  we  were 
last  examining,  through  the  more  coiivex 
forms  of  the  clypemters,  the  spafajiyi,  the 
nueUoUtett  the  galerites,  and  other  fossil 
genera,  to  the  globular  forms  of  the  exist- 
ing cidarea  and  echini^  we  find  the  whole 
skeleton  to  be  composed  of  an  elegant 
mosaic-work  of  distinct  pieces,  most  mc- 
i  thodically  and  beautifully  arranged,  to 
lafibrd  stability  to  the  whole  ftAme,  and 
tiic  menns  <  f  continued  increase  and  ex- 
pansion during  the  entire  life  of  the 
animals. 

These  sofid  skeletons  of  the  echinida, 
to  fjiv  n  them  greater  hartlness,  contain 
a  greater  proportion  of  the  phosphate  of 
lime  than  the  moveable  articulated  ske- 
letons of  tlie  stellerida  I  have  been  de- 
scribing. The  carbonate  and  phosphate 
of  lime  here  form  a  solid  exterior  masa, 
which  ii^  howeveTi  oompoacd  of -nhiule 


Digitized  by  Google 


OF  ACALSFHA  JkMD  ICBOf ODEBlfl. 


271 


E'eces    iynunetrically   constructed  and 
sautlfully  arranged    iu  perpendicular 
eolumns.   In^ese  animals,  \vben  we  ob- 
serve the  manner  in  which  the  skeleton  is 
constructed,  we  iiud  that  the  same  com- 
ponent pieces  which  surroui^  tbe  body  of 
the  ast8rias»arp  developed,  meet  each  other, 
become  ocmsolidated  by  numerous  layers, 
and  thus  form  the  great  globular  disc. 
The  aiiihnlacra  of  the  astctias  are  here 
beat  up  to  meet  at  tbe  anus,  aud  the  iute- 
guments  are  spread  out  to  enclose  a  8i>here. 
The  arrangement  of  those  jiicces  in  the  echi- 
nus, is  thus  in  pcrpendicuhir  columns  dis- 
posed in  alternate  pairs  (/^  1 ) .  This  you  can 
best  examine  M  hm  the  bholls  have  been 
well  Tnarcratcd  aitd  bleached,  and  as  the 
nunieious  sutures  never  anchylosc,  the 
ftmcture  is  equally  obvious  in  the  adult 
and  the  young  animals.  On  account  of  the 
coat  of  culoonng  matter,  and  the  uutuei  oiis 
tubercles  on  the  outer  snrfiwe,  tbe  elegant 
and  syiiunctt  icnl  arrangement  of  the  pieces 
is  much  less  obvious  there  than  on  the 
inner  suHkce  of  these  shells  The  columns 
are  disposed  iu  parallel  sei  ies,  extciidint,' 
from  the  apex  to  the  base  of  the  shells,  and 
tbe  lines  by  which  they  meet  present  a  zig- 
smg  appearance  (i  1,  a,  e),  or  a  vcrj'  regular 
serrated  siiture,  from  the  polygonal  form  of 
the  component  pieces.   The  most  familiar 
example  I  can  select  to  illustrate  the  me- 
chanism of  these  solid  external  skeletons, 
and  one  which  presents  the  most  regular 
and  simple  form,  is  the  sea  egg,  the  echinux 
escrtlrniiis,   so  abundant  on  all  parts  of 
the  coasts  of  Biitaia  and  of  Europe.  As 
the  toft  and  growing  parts  of  tbe  animal 
are  completely  shut  up  in  this  globular 
shell,  it  is  obvious  that  the  shell  could  not 
grow,  like  that  of  mollnseous  animals,  by 
the  addition  of  continuous  layers  to  tbe 
inner  smface  of  the  whole  parictes,  as 
that  w  ould  diminish  instead  of  enlarging 
the  interior  cavity.  The  shell  itself  is  of  a 
hard  and  porous  texture,  ]i<iniot»encous 
throughout,  and  without  vessels  or  any 
internal  organization  to  enable  it  to  pro- 
vide for  its  oViTi  increase  and  repair.  The 
shell  is  composed  of  the  same  chemical 
eleraentsj  and  has  the  same  kind  of  nni- 
foini  texture,  as  the  exterior  liartl  cover- 
ings of  the  Crustacea,  and,  in  like  manner, 
bas  its  layer  of  colouring  matter  confined 
to  the  outer  surface,  but  the  form  of  the 
shell  and  the  attachment  of  the  intestines, 
the  respiratory  and  all  the  other  organs  of 
nutrition  to  the  inner  surface,  render  it 
impossible  for  this  animal  to  throw  off  its 
outwanl  covering,  even  if  it  possessed  the 
means  of  existing  for  an  instant  without 
the  shell,  or  had  an  orc:anization  fitted  to 
secrete  periodically  and  rapidly  so  large  a 
quantity  cf  earthy  matter.  •  The  division 
of  thfl  uidi  into  iimamerable  imall  pieces 


of  such  a  form  aud  so  united  as  to  allow 
of  the  continual  addition  ol  matter  to  their 
surface,  was.  therefore,  necessary  to  the 
growth  of  this  skeleton  of  \\\(^  echinus,  and 
of  all  the  echinida.  No  trace  of  fibres  or 
layers  of  any  kind  can  lie  detected  in  tno' 
tnrcd  or  polished  portions  of  thrso  uni- 
form porous  plates  composing  the  globu- 
lar shell.  They  appear  to  be  formed  ia  the 
same  maimer  an(I  in  the  same  pnrt  of  the 
body  as  the  hard  parts  of  the  stellerida  we 
were  bat  considering.  AH  the  calcareous 
portions  of  the  echinida,  the  plates,  the 
tubercles,  the  spines,  aud  perhaps  the  oral 
apparatus  itself,  appear  to  be  deposited  in 
the  substance  of  the  skin  which  envelope 
them  on  eveiy  side.  You  will  observe  by 
the  polished  sections  of  the  plates,  that  the 
colouriu^  matter  of  the  surface  passes  ge» 
nerally  under  the  base  of  the  tubercles; 
and,  in  the  polished  transverse  and  longi- 
tudinal sections  <rf  the  large  spines,  that  it 
passes  generally  throuitli  t'u  ir  \vh!-le  in- 
terior texture,  as  it  does  to  some  depth  in 
the  substance  of  the  plates.  Thus  the 
plate;-,  and  tubercles,  aud  spines,  being 
everywhere  sunounded  with  secreting, 
soft,  animal  matter,  are  Icept  constantly 
asunder,  and  the  whole  skeleton  is  enabled 
to  expand,  and  to  grow  in  the  exact  pro- 
portions of  thickness  and  size  required  by 
the  growing  animal. 


The  i^eees  wbieb  coropoae  tbe  sbdl  are 

polvfjonal  (/>  1,(1 3), lengthened  transverse- 
ly with  relation  to  the  axis  of  the  animal, 
and  are  ISisposed  in  perpendicular  oo« 
lumns,  extending  from  the  mouth  to  the 
anus.  The  number  of  columns  is  very 
imiform  in  these  animals,  but  tbe  numbcnr 
of  similar  pieces  composing  a  column,  va- 
ries with  the  species  and  with  the  age  of 
the  individual.  The  new  pieces  which  aro 
added  as  the  animal  enlai^es,  am  interled 
at  the  anal  margfai,  ivhere  tkey  ar^  cm^ 
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sequently,  always  small,  and  they  appear 
not  to  be  added  at  any  other  point.  The 
pieces  are  thus  gradually  pushed  down  to- 
vnurds  the  middle  or  base  of  the  column, 
by  thoie  which  saccmmclf  make  their 
appparance  at  the  upper  -narrow  apex  of 
each  perpendicular  series,  rrom  the  ana- 
logy of  the  ai  tii  Lil  itrcl  and  molluscous 
classes  of  animals,  1 )[  ul  tui  nicrly  imagined 
that  these  plates  ol  tUc  echinodcrma  were 
exuded  ftgm  the  surface  of  the  skin  and 
beneath  the  cpidcrmi and  that  they  in- 
creased in  every  dimcnsiou  by  the  addi- 
tion of  calcareous  matter  to  meir  Inner 
surface  and  around  all  their  margins,  l^iit 
the  homogeneous  internal  structure  of 
these  pieces  presents  no  trace  of  such  suc- 
cessive depositions,  and  more  closely  re- 
sembles tho  porous  textures  of  shells 
which  are  formed  by  one  deposition,  and 
which  are  periodicdiy  cast  and  renewed. 
The  tuhcrclcs  also  on  their  outer  snrAice 
have  a  distinct  source  of  growth  iu  the 
€N»nnioa  superficial  secreting  skin  which 
passes  under  their  bases  and  around 
every  calcareous  portion  of  the  skeleton. 
The  thickening  of  the  lateral  margins  of 
each  tubercular  plat*  'L  },  o  a)  dining  its 
growth,  while  the  curve  which  its  inner 
surface  forms  remains  unchanged  in  the 
middle  of  the  plate,  accords  more  with  the 
addition  of  matter  to  the  outer  than  to  the 
inner  surface,  and  is  added  around  the 
extending  margins. 

The  plates  composing;  the  shell  of  the 
echintu  escuienim  aie  chiefly  of  two  kinds. 
Hie  larger  pieces  {L  1,  a  a)  have  no 
perforations,  and  have  the  largest 
and  most  uuniernus  tubercles  ou  their 
outer  suiftce.  These  tttberaUar  plate* 

are  pentagonal,  leugthcn'jd  transversely, 
and  compose  ten  perpendicular  columns, 
disposed  in  pair?,  which  extend  from  the 
inoutli,  which  is  in  the  centre  hdow, 
to  the  anu?,  which  is  diatrnnally  oppo- 
site. The  smaller  plates  {L  1,  b  b)  hare 
few  tubercles  on  their  outer  surfacSt 
perforated  by  pairs  of  s>ma|l  oblique  aper- 
tures {L  i,  c  c)  for  the  feet,  and  compose 
also  ten  perpendicular  colunms,  disposed 
in  paire,  whirh  alternate  with  the  pairs  of 
tubercular  phitcs.  The  number  of  plates 
in  a  column  varies,  as  I  have  mentioned, 
according  to  the  age  or  size  of  the  animal, 
but  in  the  large  shell  which  I  hold  in  fay 
band,  there  are  thirty-two  tuhercular 
plates  in  each  coluiun,  making  320  plates 
of  that  particular  form  in  the  ten  colunuis. 
The  tubercular  plates,  where  they  meet 
each  other  in  tiie  line  of  junction  of  each 
pair  of  columns,  tenninntc  in  obtuse  an- 
gles, which  are  inserted  between  the  sa- 
lient anu;les  of  the  opposite  column,  so 
that,the  line  of  jimction  of  two  columns  of 
tttbocoUu:  plates,  presents  always  a  very 


regular  serrated  suture  {L  1,  r/),  which 
strengthens  the  articulation. 

The  perforated  pieces,  or  ambulacral 
platen,  are  much  more  numerous  than  the 
former  kind,  and  are  placed  in  perpendi- 
cular j)nirs  of  rolnmns  in  contact  with 
each  other  j  su  tiiat  tlierc  are  five  pairs  of 
these  ambulacral  columns  also,  which  al- 
ternate with  the  pairs  of  tubercidar  co- 
lumns. One  half  only  of  the  surface  of 
the  ambulacral  ])lates  is  jierforated  with 
oblique  pairs  of  holes  for  the  fleshy  suckers 
of  the  ecAimu  {L  l,c  c).  The  other  half  of 
these  ambulacral  platesis  free  from  perfora- 
tions  (L  \,  b  b),  aiul  tubcrculated  on  the 
outer  surface  like  the  larger  tubcrculated 
plates.  The  columns  of  ambulacral  plates 
meet  each  other  by  obtuse  salient  angles, 
and  prod'.ice  at  their  line  of  junction  the 
8amc  regular  serrated  bulure  as  the  larger 
plates  {L  1,  e).  But  the  line  of  junction 
between  the  ambulacral  and  the  tubercu- 
lar columns  is  more  irregular  and  mi- 
nutely serrated.  There  are  about  two  and 
a  half  of  thn  ambulacral  plates  correspond- 
ing with  the  end  of  one  tubercular  i)latc, 
so  that  in  this  specimen  of  the  ecAMtif 
there  are  FO  auibiilaeral  ]>ieces  in  each 
column,  or  eight  huuilrcd  ambulacral 
plates  in  the  whole  ten  colunms  which 
are  interposed  between  the  ten  columns  of 
tuherctdar  ])lates  Thus  there  arc  1120 
pieces  iu  the  twenty  columns  winch  com- 
pose this  shell.  The  ambulacral  plates, 
however,  appear  to  be  further  suhdivided 
at  their  perforated  eud«  by  small  lines 
which  pass  through  the  middle  of  all  the 
holes  for  the  feet;  so  that  these  perfora- 
tions seem  not  to  puss  through  the  solid 
porous  substance  of  the  shell,  but  to  be 
I)laced  between  very  hinall  plates  to  allow 
of  the  increasing  diameter  of  the  holes 
duiing  the  whole  growth  of  the  feet.  The 
minutely  sciTated  appearance  of  the  outer 
margin  of  the  ambulaernl  pairs,  where 
they  join  the  tubercular  pair^,  is  produced 
by  the  ends  of  these  very  small  perforated 
pieces.  Around  the  mouth  of  the  echinus, 
and  around  the  centre  of  the  upper  part 
which  is  the  anus,  you  will  perceive  tbat 
the  plates  have  ditTerent  forms  from  those 
composing  the  sides  of  the  body.  Those 
which  compose  the  upper  part  around  the 
anus,  arc  perforated  hy  live  suuill  rouml 
apertures  placed  at  e^ual  distances  froo^ 
each  other.  These  five  apertures  around 
the  anus  give  passage  to  the  terminations 
of  the  five  oviducts.  Those  five  sacs  of 
little  round  reproductive  bodies  in  the 
tchinuH  are  tho  ovaries ;  and  there  is  a 
little  duet,  as  you  %vill  observe,  which 
runs  Iroui  each,  and  ttnninates  at  each  01 
those  perforations  round  the  anus.  ThoaC 
heart-shaped  perforated  ])ieces  are  tbo 
genital  plates.    They  have   been  also 
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caned  the  OTSUtialpUtei.  They  an  caUed 

so  to  distinguish  them  from  the  others 
-which  nre  more  uniform.  Around  the 
xnooth  you  win  observn  extending  inwards 

the  muscular  plates  which  give  an  exten- 
sive surface  of  attachment  for  the  mus- 
cles that  move  the  teeth  (X>  2,  a)  —  the 
apparatus  for  subdividing  the  food.  These 
five  internal  plates  correspond  in  mmiber 
and  in  position  with  the  five  alveoli  of  the 
teeUi.  The  alveoli  {L2^b)  of  the  teeth  have 
here  a  lengthened  pyramidal  form ;  they 
are  hollow;  they  are  five  in  number; 
they  are  hard  as  the  other  parts  of  the 
skeleton,  and  they  contain  teeth  of  great 
length  (X  2,  A;  3  a  a),  one  in  each  alve- 
olus. The  parts  of  the  teeth  which  pro- 
ject beyond  the  mouth,  which  are  capable 
of  being  thrust  outwards  a  little  way 
ftvTO  the  mouth,  are  extremelf  dense; 
hut  if  you  trace  these  five  teeth  upwards 
through  the  alveoli,  you  will  find  they  are 
composed  (and  it  is  a  curious  snhject  for 
those  who  are  inclined  for  minute  inquiries 
into  those  matters)  of  minute  ^shining crys- 
talline fibres— fine  as  the  finest  asbestus. 
They  are  so  soft  in  the  upper  part  (Z,  3,  a  a) , 
where  they  are  newly  formed,  that  be- 
tween the  fingers,  like  a  piece  of  the  finettt ! 
down,  yott  reduce  them  to  their  natural 
detached  fibres.  lint  as  they  arc  worn 
and  reduced  at  their  lower  part,  by  acting 
on  the  shell-ftshes  on  which  they  feed, 
this  soft  part  passes  down  through  the ; 
alveolus,  is  cemented  by  hard  enamel, 
becomes  harder  by  pressure,  and  is  j)  re- 
pared  for  action  by  the  time  it  arrives 
at  the  end  of  the  alveolus,  so  that 
there  is  a  constant  renewal  of  these 
teeth  above,  and  they  are  never  perfected, 
but  constantly  keep  growing.  There  is  a 
remarkable  resemblance  in  these  to  the 
teeth  of  the  rodentia,  the  incisor  teeth  of 
which  arc  never  perfected,  but  are  always 
rapidly  worn  away,  and  the  pulp  is  always 
ready  to  renew  them  in  proportion  to 
their  constant  wearing.  In  the  other 
forms  of  these  globular  echiuoderma,  be- 
longing to  the  genus  ddaria,  you  observe 
the  same  apparatus  of  teeth  for  mastica- 
tion, and  the  same  general  arrangement 
of  all  the  kinds  of  plates.  I  hold  in  my 
band  the  stjjatangus  purpurevtf  a  beautiful 
•pecics,  principally  found  on  ourown  coast, 
and  you  will  observe  in  it  that  the  plates 
on  the  upper  suriace  are  perforated  in  the 
SHiiie  way  by  apertures,  forming  four  am- 
bulacra like  the  five  pairs  in  the  echinus ; 
hut  in  the  mouth  there  are  no  alveoli  nor 
teeth.  The  animals  belonging  to  this  genus 
spataugus,  destitute  of  teeth,  feed  not  on 
the  same  sort  of  hard  shell-Ashes  as  those 
that  have  teeth,  but  take  the  moist  sand 
atul  the  minute  animals  it  contains  con- 
stantly into  their  intcstiue.   The  whole 


of  their  iMesthie  Is  filled  with  the  moist 

sands  of  the  coast.  There  are  thousands 
of  animals  which  feed  on  nothing  else  but 
the  lii^g  matter  contained  ammig  the 

particles  of  sand  on  the  sea  coast.  You 
will  find  the  animals  thus  employed  to  get 
all  the  animalcules,  all  the  red-blooded 
worms,  and  the  myriads  of  soft  minute 
molluscous  and  crustaceous  animals  which 
are  mixed  up  with  the  moist  sand.  You 
will  find  them  to  have  their  stomachs  and 
intestines  in  the  living  state  gorged  with 
sand.  Tliis  requires  no  teeth  on  the  part 
of  the  spatangus,  and  we  find  it  to  have 
none.  The  spatangus,  as  you  will  observe, 
has  its  body  depressed ;  the  mouth  is  not 
diagonally  opposite  the  anus,  but  near  the 
anterior  margin  below.  The  anus  is  at 
the  margin  behind.  Now  this  depression 
of  the  wbole  body  going  on  still,  would 
lead  us  to  the  aninmls  called  clypeasters 
and  sc  utellse,  in  which  the  composition 
and  texture,  and  the  general  structure  and 
mode  of  growth  of  the  skeletons,  are  the 
same.  Such  arc  the  ])rincipal  forms  of 
the  skeletons  presented  by  the  echinida, 
and  the  piindpal  forms  met  with  in  this 
class. 

You  perceive  they  arc  all  formed  of 
jointed  pieces;  and  we  are  led  to  that 

fonn  by  various  forms  of  the  isis  and  co- 
rallines, which,  as  you  see,  arc  jointed  cal- 
careous skeletons  (G) ;  so  that  there  is  a 
transition  thus  from  the  lowest  classes  to 
the  more  complex  forms  of  the  arliculata, 
and  we  have  also  a  connecting  link  be- 
tween these  radiated  classes  and  the  hel- 
minthoid  forms  of  the  lowest  articulata, 
for  the  lengthened  cylindrical  soft  bodies 
of  holotburidie  and  syphunculi  already  pre- 
sent tlic  vermiform  ;4iape  o(  tho  annelida. 

Besides  the  longitudinal  columns  of 
solid  plates  which  we  have  seen  to  encom- 
pass the  body  of  the  echinidtt,  their  outer 
surface  is  covered  with  tubercles,  which 
rest  upon  the  surface  of  the  plates,  and 
adhere  to  them,  in  the  same  way  as  the 
])latcs  adhere  firmly  to  each  other  at  their 
sutures,  even  aftei'  considerable  macera* 
tion.  These  exterior  tubercles  bave  a 

M 

±  3  ^ 


Digitized  by  Google 


PROFESSOR  GSAMT  OK  THR  ORGANS  OF 


sprcadijag  base  {M 1,  c),  \vhich  rests  upon  j  centnl  ring  to  the  circumference  of  tha 

the  coloured  surface  of  the  plates,  although  I  spine,  as  in  the  gtem  of  a  madrepore. 
I  have  often  seeu  them  anchyloscd  to  the  The  ladii  arc  of  a  denser  tei^ture,  as  is 
Surface  of  the  plates,  and  the  colouring  seen  by  thtt  high  polish  they  receive  in 
matter  gone  from  Tirlow  their  niidillc.  the  transverse  section,  and  they  terrai- 
These  expanded  bases  support  each  a  little  nate  in  the  longitudinal  ridgc^  {M  I, 


round  tubercle,  tUnliig  aind  tmootb  like  a 

bead  of  pearl.  These  little  shining  beads, 
which  you  perceive  to  bo  rounded  and 
smootb,  without  any  perfbration  in  the  echi- 
nus (Jf  l,fl),are  more  frequently  perforated 


«;  2),  which  mark  closely  the  whole  outer 

surface  of  the  spines.  That  part  of  the 
spine  (if  1«  d)  which  is  enclosed  within  the 
capsular  membrane,  by  which  it  is  con- 

nected  to  the  tubercle,  is  generally  of  a  very 


in  the  middle,  as  in  these  large  tubercles  of  |  distinct,  compact,  homogeneous,  dense  tc.x- 
the  cidaret  (1/4,  a),  and  in  these  minute  I  tnre,  and  forms  a  thick  crust  over  the 
tub«rdee  of  tiie  spatangus.   The  tuber-  j  concave  articular  end  ol  the  8])inc,  where 


cles  are  very  irrcprular  in  their  size  and  in 
their  arrtmgemcut  in  most  of  the  genera, 
but  where  they  are  very  larger  fhey  are 
arranged  with  great  symmetry,  as  you  see 
in  the  cidares.  These  tubercles  support  the 
exteriov  moveable  spines  (Af  1,  3,  A),  wUcb 
have  a  concave  proximal  end  to  corre- 
spond with  the  couvcxity  of  the  tubercles, 
on  which  it  freely  plays.  The  mode  of 
growth  of  these  spines  which  appear  thus 
detached  Irom  the  general  skeleton,  and 
which  are  moved  by  etrong  mueclei 
{M  1,  b  i  3  a;  4  c),  extending  from 
around  their  hase  to  the  margin  of 
the  wide  base  of  the  tubercle,  as 
obvious  as  that  of  the  articulated  plates 
of  the  shell,  particu'  i  l}  as  we  are  speak- 
ing of  skeletons  which  are  not  nourished 
by  vessels  permeating  thrir  internrd  tex- 
ture, nor  organised  like  the  iibrous  hones 
of  vertebrata.  The  skeletons  we  have 
been  examining  are  unorganised  sub* 
stances  rxr  rc^ed  by  the  animals  for  pro- 
tection arid  support,  and,  when  formed,  are 
almost  beyond  the  further  influence  of  the 

soft  parts  which  excreted  them.  It  would 
appear,  however,  from  the  gradual  en 


it  is  most  liable  to  friction  This  white 
compact  crust  is  spread  over  the  proxi- 
mate ends  of  all  the  superimposed  conee 
which  form  the  solid  spine,  and  appears 
to  he  secreted  in  a  iluid  state  by  the  en- 
veloping capsular  membrane.  Hie  tue- 
ccssive  depositions  of  earthy  matter  with- 
in this  capsule,  increase  the  thicknesa 
and  length  of  the  base  of  the  spine,  and 
of  the  tubercle;  and  the  skin  or  mem- 
brane (Jf  l,//)t  which  covers  the  surface 
of  the  anlrau,  is  oondnuous  with  this  cap- 
sule, and  with  the  membrane  whic  h  forms 
the  jointed  calcareous  pedicellate  organs, 
and  the  superimposed  cones  of  the  spines. 
There  is  no  cavity  for  any  secreting  tub* 
stance  within  these  spines,  and  no  capil- 
lary vessel  permea,tes  their  spongy  tex- 
ture between  the  d.enser  radii  of  which  I 
spoke,  so  tlint  there  is  nothing  to  explain 
the  mystery  of  their  development,  but  thu 
continoatton  of  this  exterior  capsule  (Jf  1, 
//,  2  o)  along  the  grooves  of  their  striated 
surface,  as  we  have  already  seen  so  often 
on  the  solid  laminated  surface  of  calca- 
reous zoophyt  es.  The  jointed  c::lcarenu.-i 
minute  moveable  organs  tcnii  inating  gene- 
largement  of  the  ambulacral  holes  {L  l,j  rally  in  three  slender  !<p:ne$,  which  you 
c,  c),  (and  still  more  of  the  ovarial  upcr-  |  observe  so  numerously  placed  amoi^the 
turcs  which   pass  through  solid  platps),  ordinary  solid  spines  of  the  cchintis,  are 


that  the  contact  of  the  living  parts  still 
exerted  an  influence  on  the  forms  of  the 
hard partsnfter  their firs-t formntion.  Itwill, 
however,  be  a  long  time  yet  before  we  come 
to  skeletons  of  an  organised  nature,  of  a 
fibrous  structrrr,  to  allow  capillary  blood- 
vessels, absorbents,  nerves,  &c.,  to  per- 
meate all  their  tocture.  The  spines  here, 


couimojily  called  pedicel laria; ;  aud  some 
have  thouglit  they  served  the  purpose  of 
tentacuU  to  the  animal,  while  many  others 
have  imagined  tbey  were  distinct  animals, 
and  have  described  them  as  a  species  of 
zoophytes.  Each  pair  of  holes  in  the  am- 
bulacial  plates  (L  1,  e  c),  serves  for  the 
transmission  of  the  injecting  vessels  of 
in  the  cchinoderma,  arc  as  unorganised  &s  '  one  of  the  feet— the  vt  ssi  ls  w  liicli  di-Und 


the  plates  and  tubercles  (fti  which  they 
rest,  and  yet,  like  the  tubercles,  fhey  en- 

I  .r[^e  the  animals  advance  to  maturity. 
They  are  striped  and  grooved  longitudi- 
nally on  their  outer  surface  (M  1,  e)  like 
a  coral  or  a  gorgonia,  and  their  transverse 

fracture  2]  exhibits  numcrouHi  con- 
centric ruigs,  which  are  l)est  !sccn  in  lliesc 
lai-ge  cut  and  polished  spines  of  the  eidaria 
(A/ 6}.  These  concentric rinL,'s  nrr  all  tra- 


thc  tubular  feet  with  water,  so  as  to  pro- 
ject tVem  to  a  distance  from  the  surface 

of  the  skin  v.ith  which  thev  are  continu- 
ous. From  the  soft  and  pulpy  state  nf  the 
external  skin  of  these  echinida,  it  pro- 
bable that  the  mrthy  matter  which  it  se- 
cretes is  thrown  o'lt  in  a  scnii-fluid  state, 
»o  as  to  allow  itii  particicti  iu  consolidating 
to  assume  sjroewhat  of  a  crystalline  ar- 
rangement; and  from  the  low  state  of  the 


versed  by  innumerable  cuatmuoiu  radii,  1  organization  of  this  fleshy,  thin,  super- 
whldb  ihooi  in  straight  lines  torn  the  floal  layer,  it  would  oppose  <Im  Imi  re- 
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sistaace  to  the  operation  of  the  ordinary 
affinities  of  the  calcareous  partides.  Theae. 
partides,  in  uniting  with  tboM  already 

consolidated  in  the  spine  or  plate,  woula, 
therefore,  arrange  themselves  in  a  very 
definite  order,  by  certain  tides  In  prefer- 
ence to  others,  ncconling  to  their  natural 
attntctious  iu  crj^stallising,  as  all  earths, 
in  conaolidating  slowly  from  the  fluid 
•tate,  crystallise  according  to  the  primi- 
tive forms  of  their  respective  ciystals. 
The  carbonate  of  lime  is  here  iu  the  great* 
est  proportion,  and  in  consolidating  to 
form  the  unorganised  skeletons  of  orhi- 
nida,  or  the  stelleri  la,  or  the  crinoitka,  it 
will  stamp  a  rhomboiclal  character  on  the 
solid  textures  wliich  it  forms.    The  rhom- 
boid which  belongs  to  crystaUiscd  car- 
bonate of  Hme  has  its  acute  angle  about 
84°,  as  w  e  observe  it  in  the  fragments  of 
thtse  large  fossil  spines  of  cidarites, 
and  in   the  fragmetits  of  these  fos- 
sil shells   of  anaiichites,   galeritcs,  spa- 
taugus,    and   many    others    from  the 
challc  beds,  which  are  fossilised  by  calca- 
reous spar.   M.  Haidivobh,  a  distin- 
guished German  mineralogist  and  crys- 
tallographer,  some  years  ago  observed 
that  the  firagments  even  of  the  recent 
spines  of  the  cidaris  (M  4),  exhibit  the 
angles  belonging  to  the  natural  rhom- 
hcrfd  of  the  carbonate  of  lime.   If  this 
form  of  cleavage  could  he  detected  in  the 
natural  spongy  and  complicated  spines  of 
the  recent  craaris,  it  might  be  concdved 
to  be  much  more  perfect  in  the  dense 
though  minute  spines  of  our  recent  echinL 
Hie  phosphate  of  lime  being  in  small 
quantity  in  the  skeletons  of  these  simple 
organizations,  has  not  given  the  predomi- 
nant character  to  the  form  assumed  by 
the  two  earths  in  oontolidating.  The 
spines  of  cchinida  are  organs  of  defence 
and  of  progressive  motion  ;  tiiey  arc  held 
in  connexion  with  the  shell,  and  are 
moved  in  every  direction  by  the  contrac- 
tile, irritable,  fibrous,  and  secreting  layers, 
which  envelop  them.  ITiey  are  small  in 
echinus,  spatangus,  ftc,  where  the  shell 
is  large,  and  they  are  large  in  ddaris, 
where  the  shdl,  to  which  they  are  attach- 
ed, is  small.    From  the  magnitude  and 
solidity  of  the  spines  of  cidaris,  and  their 
possessing  no  internal  living  flesh  or  in- 
ternal cavity,  it  is  not  improbable  that  the 
calcareous  matter  forming  the  first  depo- 
sited inner  cones,  may  undergo  a  conti- 
BVed,  though  almost  imperceptible,  change 
towards  crystallization  during  the  lifetime 
of  the  animal,  as  they  are  early  withdrawn 
ftera  the  inftoenoe  of  vitality,  by  the  depo- 
sition of  successive  unorganised  layers 
above  them  and  around  them  on  every 
•ide.  Ilime  remaikt  Toa  may  oonsidcar 
u  man  or  leu  tppUom  to  w  the  cal* 


careous  skeletons  of  echinodenna,  for  we 
have  seen  that  the  plan  of  their  organiza- 
tion could  be  traced  with  great  unuormity 

through  their  most  diversified  forms.  Wc 
have  traced  the  chain  of  forms,  from  the 
jointed  isis  among  zoophjiies,  through  the 
jointed,  ratnified,  and  pedum  ulitod  cri- 
uoide  families  i  through  the  ramiflec^ 
creeping  stellerida,  flreea  from  thdr  pe- 
duncle, and  simplifying  in  their  divisions ; 
and  from  the  simplest  asterias,  through 
the  swelling  echinida,  to  the  globulai-  cida- 
ris and  echinus,  so  that  the  calcareous 
matter  has  very  probably  obeyed  the  sajne 
physical  laws  in  consolidating  the  skele- 
ton ')f  all  these  echinodcrma  Now  that, 
standing  alone,  is  not  calculated  to  arrest 
much  attention}  hut  to  the  uhysiologist, 
and  even  to  the  anatomist,  it  is  capable  of 
inducing  many  serious  inquiries  connected 
with  the  consolidation  of  skeletou?  by 
earthy  materiab.  We  know  now  that  the 
saline  matter  iu  thoac  pulpy  substances 
which  coumose  the  greater  part  of  the 
succulent  frnits  of  vegetables,  are  ])artial 
crystallizations,  though  not  in  a  solid 
state ;  this  has  been  minutely  illustrated 
by  Sir  David  Brewbtkr,  by  observing 
their  eflfects  on  transmitted  light.  Yon  have 
seen  in  the  skeleton,  where  it  was  en- 
tirely composed  of  siliceous  matter,  that 
it  assumes  the  form  w  hich  silica  natomlly 
assumes  in  crvstaUisinnr.  Wc  find  on  the 
back  of  the  asterias  several  portions  of 
the  carbonate  of  lime,  shot  up  in  beautifnt 
transparent  crystalline  bodies.  Thus,  look- 
ing at  them  alone,  you  would  not  have 
supposed  them  to  have  been  the  product 
or  a  part,  of  a  living  organised  being. 
'  Nothing  is  more  common  than  the  depo- 
sition of  siliceous  matter  in  the  common 
reeds,  straw,  canes,  and  other  plants.  So 
that  yon  observe  that  this  nuunfestntion 
of  physical  laws  operating  in  the  animal 
economy,  increases  as  you  descend  in  the 
scale.  It  is  almost  impossible  for  us  to 
trace  the  opeiationof  physical  laws,  in  the 
comple.vity  of  the  machinery  of  the  hig^- 
i  est  animals,  where  there  are  so  many  con- 
I  fiicting  forces  continually  in  operation.  It 
I  is  however  maintained  of  late,  that  iu  the ' 
\fiuman  subject  the  earthy  niatter  of  the 
bones  has  a  partially  crj'stallised  arraoge- 
ment.  \  • 

Now  these  spines,  of  the  cidaris  acquire 
gi'eat  size,  and  often  get  the  outward 
form,  as  they  have  the  internal  structure, 
of  a  bcleranite.  Each  has  its  tubercle; 
the  tubercle  is  surrounded  by  a  capsular 
membrane,  and,  to  give  more  firmness  iu 
this  animal,  has  in  it  a  small  perforation 
('3/4,  a),  as  if  for  z,luj(immtum  teres,  as  in 
our  femur.  In  the  small  spines  of  eehinwM 
tiiat  provithm  is  not  necessary,  said  does  , 
not  exist.  Now  notiiiDg  it  more  ocmimoii 
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Ifaian  to  find  in  a  fonil  state,  in  chalk  for- 1  nothing  existed  hut  Tn>Tiads  of  animal* 

mations  particularly,  large  spines  of  this  ciile*?  sNvimminR  in  the  heated  ocean  that 
kind  fosailiised.  They  look  like  belemnites 
hy  thefr  tapering  form,  iwd  bytbeir  inter* 
nal  laminated  structure.   To  thes1(  ]rron 


encoinpasaed  this  cooling  planet.  It  niat« 
ters  not  whether  we  hxicy  that  those  now 
existing  are  the  same  forms  changed  bycir- 
of  the  cephalopoda  the  belemuites  belong.  1  cumstances,or  that  there  have be4natevery 
They  are  not  poljrthalamont  be1eninites,|  successive  instant  new  creations;  natural- 
he  cause  you  will  observe,  that  in  uncovcr- 
int^  one  of  the  extremities,  it  has  the  usual 
distinct  groove  (MA,  b)  which  receives  the 
tubercle  of  the  shell,  the  parts  of  which 
have  disappeared.  Nothing  is  more  com- 
mon, also,  than  to  find  the  fossiliiied  tu- 
bercles of  the  cidaris  detached.  Here  is 
n  spccinien  in  which  they  are  dctaclied  in 
a  mass  of  chaUc-  Thus,  irom  an  acquaint- 
ance with  the  recent  forms,  you  have  the 
best  possible  key  for  the  interpretation  of 
the  reraoants  left  us  of  ancient  worlds. 


Now  on  looking  Lack  to  the  conditions 
of  the  animal  organisation  accompanying 
the  conditions  w  those  simple  skeletons, 

you.  will  perceive,  that  although  wc  had  an 
mtestinc,  a  stomach,  or  ;-totnachs,  develop- 
ed from  the  beginning,  we  had  scaicdy  a 
trace  of  nervous  system  throt^;hout  seve- 
ral of  the  classes.  No  nervous  filaments 
were  ever  discovered  in  a  polygastric 
animalcule^  no  nervous  lllamcnt:>  were 
ever  discovered  in  a  ))oriferous  animal, 


ists  differ  on  that  speculation,  ;ilnin^t  an 
idle  speculation,  where  we  can  only  arrive 
at  a  probability. 

Now,  then,  we  see  that  in  the  earliest 
conditions  of  our  planet  there  existed  my- 
riads of  bcin^,  whose  obvious  function 
was  to  precipitate  vast  quantities  of  the 
carbonate  of  limp,  in  an  insoluble  state, 
into  the  form  of  solid  masses  of  corals  and 
almost  rocks,  and  those  operations  con- 
tinue to  the  present  time.  As  they  re- 
move from  the  vast  abyss  that  quantity  of 
lime,  and  lime  combined  with  other  acids 
besides  carbonic  acid,  they  remove  that 
which  is  constantly  brought  into  the  bed 
of  the  ocean  by  the  rains  washing  moun- 
tains,  washing  continents,  then  becouiing 
rivers,  and  accumulating  those  saline  mate- 
rials whicli  are  brought  by  streams  to  the 
ocean,  and  never  carried  up  again  from  the 
sea  by  evaporation ;  so  that  there  is  a  con- 
tinual indux  of  these  corrosive  materials 
into  theooeao.  We  thus  perceive  how  Hwy 
arc  precipitated  in  an  insoluble  state,  and 


nor  iu  the  whole  class  of  polypiferous  I  how  the  ocean  is  purified  for  the  mainte- 
animals.  They  begin  to  appear  in  the  [  nance  of  higher  animals.  We  see  beings 


acalepha,  1  think  I  hrivc  ?cc'n  theiu,  and  I 
gave  a  description,  a  few  months  ago,  to 
the  Zoological  Society  (which  has  ju«t 
published  its  memoirs),  of  the  nervous  sys- 
tem in  the  h&rve,  one  of  the  acalepha. 
In  the  ecliinodcrma,  the  nervous  system  is 
well  known  to  exist  in  the  form  of  circular 


continually  engaged  in  fonning  it  upon 
sub-marine  ridges,  and  fonning  a  cover- 
ing to  roountaini  of  the  carbonate  of  lime. 
It  is  curious  that  where  there  is  the  great- 
est deficiency  of  land,  those  operations 
arc  the  mo^t  abundant,  as  in  the  Southern 
Ocean,— that,  iu  fikct,  great  continents  and 


filaments  around  the  mouth,  and  wliich '  islands  are  there  pre])aring  imder  water, 
shoot  out  smaller  filaments  to  each  divi-  .  with  a  smface  of  the  richest  of  all  soik  for 
sion  of  the  body,  as  in  the  asterias.  vegetation— the  carbonate  of  lime— to  be 

Now  vou  ascend  as  ]ii:j;h  as  the  echino- 1  tljrown  Up  at  some  future  period  of  the 


donna  before  you  conic  to  muscular  fibres, 
so  that  there  is  a  simultaneous  origin  of 

the  nen'ous  system  and  of  the  muscular 
system,  80  far  as  relates  to  theii*  fibrous 
disposition. 

Another  consideration  fijrccs'  itself  upon 
our  attention.  We  have  seen  vast  masses 
of  lime  thrown  down  hy  the  simple  be- 
ings which  we  have  hitherto  considered. 
We  have  seen  this  done  by  the  simple 
gelatinous  bodies  of  the  j>olypifcrous  ani- 
mals, as  we  have  seen  in  those  of  the  pori- 
ferous, and,  in  t)tv  Tnorp  f omplex,  the  aca- 
lepha, and  the  cchmodcrnia.  When  we 
speak  of  animals  low  in  the  scale,  it  is 
equivalent  to  our  speaking  of  aniuial 
forms  that  have  existed  in  tbc  primitive 
conditions  of  this  phmet;  for  everything 
shows,  that  thi^  kingdom  itself  has  had  a 


earth's  duration  by  a  volcanic  agency— to 
be  raised  up  from  the  bottom  of  the  sea 

into  the  air,  there  to  become  the  ni  Ins  of 
vegetation,  from  materials  washed  up  by 
the  sea,  as  well  as  by  seeds  left  in  die 
excrement  of  birds  of  jjassage  during 
their  migrations  over  the  ocean  to  various 
parts  of  the  world.  Those  at  last  become 
covered  with  [^aats  andanimalii,  and  man 
takes  possession  of  the  ri(\\l) -formed 
i^iliiuds.  i^iit  u  i^)  ialcrcbting  tu  »ce  how  the 
minnti  St  beings  are  wo  important  in  the 
general  and  grand  operations  of  nature. 
In  many  of  the  southern  countries,  in 
Africa,  on  the  coast  of  Asia,  where  there 
are  vast  acctuuulations  of  sand,  moving 
sometimes  over  whole  nations,  and  liur^ing 
the  solid  strata  of  rocks,  the  vast  quantities 
of  those  solid  corals  on  the  coastfl,  parti- 
development  from  the  most  simple  forms,  |  culaily  themeandrinac,  the  astrxa^.thc  ma- 
and  that  in  the  fixit  condition  very  likely  /  dreporcs,  and  the  larger  lithophytes,  are 
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found  to  block  np  the  coast.  This  i<5  the 
case  in  sonic  parts  of  the  passage  to  iiuiia, 
and  in  the  pasf^age  to  China;  il  ia  the  case 
with  the  Red  Sea,  a  great  part  of  the 
South  Seas  bccomiog  almost  unnavigable 
from  the  hard  raasKS  covering  the  Tol- 
canic  ridges  that  traverse  those  parts. 

The  solid  materials,  then,  formed  by 
zoophytes,  serve  inst^  of  limestone  in 
those  parts  in  which  it  is  not  to  be  ob- 
tained. Men  use  them  as  a  manure  for  the 
land ;  they  use  tbem  as  roclci  foe  building, 
and  burn  them  for  mortar ;  so  that  they 
have  in  these  proJuctions  of  animals,  all 
the  advantages  of  limestone  rocks,  formed 
by  a  gradual  precipitation  from  the  sea. 

There  are  hypotheses^ — bat  it  is  almost 
foreign  to  our  present  subject  to  enter  upon 
them — otmnected  with  the  formation  of 
all  limestones  in  the  earth.    It  hiw  been  a 
favourite  theory  of  La  Makck,  and  many 
othert,  that  all  the  limestones  which  exist 
on  the  crust  of  the  earth  owed  their  origin 
to  organic  beings;  that  there  could  be  no 
other  means  of  their  formation  bnt  hy  or- 
ganic beings;  and  they  think  they  are 
substantiated  in  this  view,  by  observing 
that  the  primitive  limestones,  as  they  are 
caUfldy  liave  a  granular  and  foliated  ap- 
pearance; and  that  they  do  not  extend, 
like  the  layers  of  slate,  of  guelss,  and  other 
ttrata  of  that  description,  but  that  they 
occupy  detached  circumscribed  portions 
of  the  strata,  as  if  they  had  been  the  pro- 
duct of  primeval  beings  accumulated  in  the 
depths  and  cavities,  and  thus  constituting 
those  granular  masses  which  we  find  to  exist. 
They  think  it  proved  by  examining  all  the 
sories  of  limestone,  as  we  rise  from  the 
greatest  depths  of  the  crust  of  the  earth 
to  the  newest  formations;  that  they  in- 
crease in  quantity  as  we  ascend ;  that  or- 
ganic forms  were  multiplying  in  propor- 
tion OS  the  BUiface  of  the  earth  became 
devdoped;  thftt,  therefore^  at  this  moment 
there  are  much  greater  operations  poing 
on  in  this  matter  than  at  any  preceding 
time;  that  the  chalks,  for  example,  which 
are  the  nearest  of  all  the  secondary  rocks, 
and  form  the  beds  on  which  rest  the  terti- 
ary and  later  formationa,  exceed  all  prece- 
dint;  fc  I  iiiati  ns  of  limestone;  that  nothing 
but  fine  particles  uf  lime  can  be  found  in  the 
component  parta  of  the  chalk ;  'that  aa  you 
pass  down  to  the  primitive  formations,  the 
limestone  becomes  smaller  and  smaller  in 
quantity,  the  organic  beings  which  formed 
it  only  then  beginning  their  opcmtiona. 
But  these  con'^idcrations  lead  us  from  our 
tttbject,  although  the  present  topic  is  in- 
tlniaitely  connected  with  geology,  and  there 
are  many  other  relations  of  these  <^tiu!ic^ 
of  sufficiant  interest  to  merit  attentive  cou- 
aideration. 
I  moat  introduce  atHlone  rentulE  before 


proceeding  to  the  artictilata,  touching  an- 
other circumstance  I  promised  to  allude  to 
before  concluding  the  class  echinoderraa. 
I  mentioned  to  yon  that  in  the  chalky  for- 
mations we  should  iind,  besides  the  pori- 
ferotta  aniroala   converted   into  mnta, 
many  of  the  echinoderma  which  have  no 
siliceous  matter  entering  into  the  compo« 
sition  of  their  shells,  and  that  their  fosstli- 
zation  could  be  accounted  for  on  the  ground 
that  their  intestines  are  filled  with  silice- 
ous sand,  which  in  the  living  state  they 
are  constantly  swallowing  w  ith  their  food. 
This  siliceous  sand,  filling  their  whole  in- 
testine in  the  living  state,  becomes  the  ni- 
dus around  which  the  flint,  which  is  like- 
wise silica,  accumulates.  Nothing  is  more 
common  than  to  find  the  echinus,  the  spa- 
tangus,  and  others,  in  chalk  fonnationa 
completely  con%'crted  into  flints.  Now  the 
whole  shell  of  the  animal  which  I  at  pre- 
aent  ahow  you,  consista  of  the  carbonate  of 
lime  and  a  little  of  tlse  phosphate.  And 
why  is  the  earthy  matter  conveyed  by 
the  waters  through  the  chalk  bed,  silicify- 
ing  these  echinoderma,  and  not  convert- 
ing their  internal  central  cavity  into  the 
carbonate  of  lime,  like  their  crystallised 
calcareous  cruat— not  converting  them  in- 
to calcai'eous  spar?    The  body  of  these 
animals  contains  a  large  quantity  of  silica, 
which  is  taken  in  by  the  mouth  and  fiUs 
the  intestinal  canal,  as  1  mentioned  to  you, 
but  there  is  none  in  the  shell.  The 
apantagoa,  which  haa  no  teeCh,  I  have 
found  employed  constantly  in  conveying 
the  moist  sand  of  the  sea-coast  through  its 
intestine ;  and  if  yon  open  one  of  them, 
found  alive  on  the  coast,  you  will  always 
see  the  intestine  gorged  with  sand,  from 
the  one  end  to  the  other.  They  extract  no 
nutrition  from  the  silica;  indeed,  we  know 
of  no  animal  that  can  do  sn,  r.lthongh 
many  aniinals  live  by  conveying  tiirough 
their  body  the  moist  sands  of  the  shore, 
but  then  they  live  on  the  organic  beings 
which  abound  in  those  sands.  Now  you  ob- 
serve, that  when  these  were  thrown  down 
iti  the  ancient  sea?,  upon  the  chalky  bot- 
tom, with  their  intestines  ^ed  with  sand, 
when  all  the  animal  matter  was  removed 
from  them,  and  when  even  the  shell  was 
removed  or  changed  into  calcareous  spar, 
the  interior  cavity  became  a  nidus  for  the 
particles  of  silica  to  accumulate  around, — • 
around  the  grains  of  silica  that  existed  in 
the  intestine.   This,  then,  appears  to  he 
mie  reason  for  the  echinoderma  being  so 
abundant  \n  the  chalk  formations,  alllci- 
ficd,  or  fossilised  by  silica. 

Now  if  we  compare  this  primitive  forni 
of  a  skeleton  in  the  lowest  division  of 
the  animal  kingdom  (in  detached  por- 
tiona  throng^  the  body  of  the  gelatinous 
substitnoe^  m  in  these  «im|ile  aiiimala). 
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with  the  first  condition  of  the  skele- 
ton of  the  highest  aainials — nay  of  man 
lilmsel^— there  will  not  be  wanting  an 
apparent  analogy.  If  we  diil  not  know 
what  was  to  be  the  result  of  ail  those  little 
white  calcareous  points  in  the  young  ci-a- 
nium  of  the  human  embryo,  we  might  con- 
ceive, before  careful  and  repeated  exami- 
nation, that  they  were  accidental  points, 
become  consolidatoil  by  the  deijositioii  of  I  frontal 
calcareous  matter,  and  that  there  would  be 
no  uniformity  in  their  arrangement  lie- 
twixt  any  two  individuals.  We  lind  that 
the  long  bones,  and  all  the  bones  which 
have  numerous  processes,  begin  by  de- 
tached points  or  spicule,  and  that  all  the 
skeleton  in  fact  begins,  not  b)-  th(^  ela- 
boration of  one  bone  and  then  the  produc- 
tion of  the  bone  next  to  it,  '.mt  that  the 
process'  comtnencT!?  in  \arious  detached 
points  of  the  gciatmoiis  skeleton,  like  the 
tpicula  in  a  poriferoos  animal,  or  in  the 
fleshy  crust  of  a  gorgnnia,  or  on  the 
back  of  an  astcrias.  >^'c  know  that 
there  is  a  peifect  nnifbrroity  and  method 
in  the  points  where  tlu'  calcareous  mat- 
ter is  fust  deposited  in  each  species, 
and  a  constancy  in  those  points;  and 
tiiat  even  In  their  anchyloses  and  union 
into  masses  or  a^^grcgate  bones,  there 
is  an  cxtraordiuary  constancy  in  each 
tribe  of  animals.  This  we  can  perceive 
in  the  human  skeleton  and  in  all  the 
higher  animals ;  and,  in  fact,  we  can  per- 
ceive it  In  watching  the  development  of 
the  skeletons  of  t!ie  nnirnr;!'^  we  hr.ve  been 
just  considering ;  for  thu  particles  that  are 
Strewed  tbruugli  the  body  of  zoophytes  and 
porifiroiiH  nnimals  and  rn.  iiati.  d  animals, 
wlicn  watched  ultimately  through  their 
stages  of  development,  are  found  to  have 
all  a  perfect  method  in  their  arrangement, 
which  we  only  discover  whoa  the  whole  is 
completed.  The  importance  of  that  is 
now  well  known  to  the  anatomist,  and 
we  shall  have  to  apply  this  fact  hereafter  to 
the  explanation  at  some  curious  pheno- 
mena in  the  osteology  of  quadrupeds  and 
other  vertebrated  classes.  In  the  human 
skeleton  we  sec  that  the  points  which  be- 
gin at  detached  centres  meet  and  unite. 

\Vc  find  in  the  \-iitenr:'j  tliat  tliere  are 
certain  fixed  elements,  or  centres  of  u^siii- 
cation  in  the  vertebrated  animals,  and 
that  these  can  be  traced  through  the  cra- 
nial vcrtebrx  ;  that  there  is  a  method  in 
the  connexion  of  those  elements  to  form 
single  bunea;  that  the  four  pieces  of  the 
oreipital  bone  nnif.'  tofi^ctbcr,  though  at 
tirst  detaclied  ;  and  that  those  four  pieces 
of  the  occipital  bone,  the  four  portions  nr 
elements  of  the  first  cranial  vertuljra, 
unite  together  to  form  one  bone,  although 
thejr  do  not  unite  and  andbjrlose  witli  l£e 
panetal  and' temporal' bonei  In  contact 


with  them.  We  know  that  there  is  a  me- 
thod in  their  mode  of  grouping  together, 
and  in  the  department  of  oomparativa 

anatomy  these  arc  not  mere'  centres  of  os- 
sification, but  separate  bones  ;  and  thus 
we  shall  have  occt^ion  to  speak  of  the 
basilar  hone,  the  condyloid  hoiie!f,  and  so 
forth,  uniting  in  the  skeleton  of  higher  ani- 
mals to  form  one  bone.  For  instance,  the 
bone  is  an  aggregate  of  scseral 
bones ;  the  sphenoid,  the  temporal,  aie 
aggregates  of  many  bones ;  and  if  we  were 
not  aware  of  the  way  in  which  this  takes 
place,  we  should  be  perplexed  with  the 
skeletons  of  fishes  where  these  elements 
remain  permanently  detached;  we  might 
look  at  the  skeletons  of  fishes,  and  of  all 
the  lower  tribes  of  cold-blooded  verte- 
brated animals,  as  heterogeneous  aggre-. 
gate?s  of  osssified  pieces  diffused  iudisci  imi- 
nately  throughout  the  body ;  and  in  speak- 
ing ot  the  bones  of  Ashes  we  should  be 
induced  to  use  such  vague  terms  ii%o»sicuhi 
mu»culorum.  These  observations  occur  to 
us  thus  early,  from  the  unity  of  plan  we 
already  begin  to  discover  in  the  structure 
of  the  skeleton,  but  they  will  be  explained 
more  in  detail  hereafter,  when  wc  come 
to  examine  the  skeleton  of  vertebrated 
animals. 

To-morrow  I  shall  proceed  to  the  ske* 
leton  ofwtienlated  animals. 


T  will  mention  a  circumstance  which 
may  not  be  uninteresting  to  you,  as  some 
of  you  have  asked  me  respecting  bookt 
which  you  might  consult  tat  the  purpose 
of  following  (in  your  private  studies  and 
rcadingj^)  the  order  in  which  I  am  treat- 
ing these  various  subjects,  so  as  to  make 
yourselves  more  £sroiUar  with  the  facts  1 
am  detailings.  I  have  generally  candidly 
confessed  to  yoti,  that  I  do  not  know  any 
such  books,— tliat  certainly  in  our  lan- 
guage there  do  not  exist  Riu-h  works,  and, 
indeed,  with  regard  to  some  of  the  sub- 
jects whicb  I  have  afaready  discnaeed,  I  do 
not  know  any  hooka  in  existence  which 
have  the  details  of  those  facts.  I  have 
rn}  sclf  published  various  memoirs  in  dif- 
ferent journals  touching  them ;  but  even 
in  the  systematic  works  now  publishing 
on  the  continent — ^by  persona  in  oonntrlea 
more .  enlightened  -  in  these  studies  than 
ourselves,— they  are  still  not  made  the  sub* 
jeets  of  detailed  examination ;  they  have 
not  yet  got  such  footing  as  to  be  regarded 
as  a  part  of  tfutt  knowMlfe  wM(A  wn  may 
consider  the  common  property  of  the  id* 
I  have  B^wany  reoonunended  ny' 
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pupils  to  cl?erve  the  books  I  should  have  [ 
occasiou  to  quote  or  to  cite  when  speaking 
of  the  subjects  to  be  treated  of  by  me, 
mdi  M  thoM  of  MuuBX,  Glvicbsk,  and 
JShkbnbcro,  already  cited,  ^h%A  1  shall 
frequently  have  occasion  to  qxTotc,  in 
speaking  of  the  organization  of  tlie  animal- 
cules i  those  of  Ellis,  of  Cavolini,  and  of 
fiaiiBit,  in  speaking  of  the  mafikftOB ;  in 
•peaUog  of  the  radiated  animals,  thevorks 
of  Dellb  Cbi  ^  T I ,  of  EscHBOLTS,  and  t)( 
TiEDEMAxx,  and  others. 

1  have  also  generally  recommended  to 
the  pupils  to  take  notes  during  the  lec- 
tures, which  would  fkdiitale  the  recoHeo- 
tion,  when  'we  had  pawed  on  to  very  dif- 
ferent subjects  out  of  the  points  we  had 
discussed  in  earlier  parts  of  the  course, 
particularly  in  consequence  of  the  com- 
petition for  prizes  that  takes  place  at  the 
end  of  the  session.  I  am  happy,  homvm, 
to  inform  you,  that  I  have  confidence  fhat 
fuller  notes  will  be  taken  of  this  course, 
and  upon  the  plan  which  I  am  now  fol- 
lowing, than  1  am  persua^d  you  can 
take  or  have  bad  access  to  in  any  Ibmier 
year.  I  have  had  ocidar  evidence  (by  re- 
ceiving a  proof  of  one  of  wy  own  lectures 
to  correct  for  f  ho  press)  that  Mr.  Waki.ky, 
the  indefatigable  and  lcnrnc(]  editor  of 
a  publication  familiar  to  you  ail,-  The 
Lawcbt,— whlc9i  has  had  great  influence 
in  our  profession,  keeping  our  profes- 
sional hretliren  constantly  awake  to  all 
their  doings— a  castigator  of  evil-doers, 
and  a  rewarder  of  the  good— that  he  has 
determined  that  com})arntive  anatomy 
shall  occupy  a  pait  of  his  two  ensuing 
volumes,  and  that  be  has  selected,  as  the 
course  of  compaiative  anatomy  which 
he  will  take  on  the  present  occasion, 
the  one  delivered  in  thb  institution.  This 
I  look  upon  more  as  another  instance  of 
kind  attention,  I  would  almost  say  of  par- 
tiality, towards  this  great  medicid  school, 
than  as  a  proof  of  any  peculiar  excd- 
lence  in  the  r-oiu  Kc  ^ivcn  here.  He  iM-^-an 
on  Saturday  with  tiie  comment  cuit.  ni  ul 
this  course,' and  I  understand  that  he  lias 
an  intention  to  go  on  regularly  with  the 
lectures  to  the  end  of  the  course,  and  that 
he  will  have,  weekly,  perhaps  one,  or  it 
may  be  t\\o,  lectures,  so  that  the  v.hiilc 
coui'se,  consisting  of  about  sixty  lectui  e:!, 
tnav  be  embraced  within  the  two  volumes 
which  be  ia  Just  commencing. 


ANATOMY  AND  PHYSIOLOGY. 


LECTURES 

Olf  TH« 

IIUXTERIAN  PREPARATIONS 

IN  THB  MUSEUM  OP  THB  EOTAL  COLLBOt 

OF  evmacoMa,  uoimov, 

XMiver^  of  the  CoHtgtH  1833,  ly 

SIR  CiiAELES  liELL,  K.G.H.,  F.R.S. 

LECTURE  I. 
OBjKcra  ov  thb  coossb. 

1  FEAR,  5^ir,  it  is  not  possible  for  me  tO 
acquit  myself  w  ith  satisfaction  in  the  pre- 
sence of  many  gentlemen  whom  I  see,  and 
who  are  deeply  learned  in  the  subject  on 
which  I  have  to  disconrse,^ — some,  too, 
who  have  enjoyed  literary  leisure,  and  the 
still  greater  advantages  of  a  college  life, 
who  must  have  aequii  P  l  n,  hip^li  d-'i^ree  of 
sensibility  to  all  the  errors  of  such  an  un> 
premeditate  dtsconrse  as  that  I  am  about 
to  deliver. 

But  I  must  appeal  to  the  members  of 
my  profession,—!  must  call  upon  then  to 
recollect  how  difficult  it  is  for  them  to 
keep  np  the  knowledt^c  which  they  have 
acquired  during  the  time  of  their  general 
studies,  in  the  intervals  of  an  anxious  pro^ 
fession;  though  they  must  sustain  their 
condition  in  society,  their  relation  in  their 
profession,  by  a  continual  attention  to  the 
labonrs  and  the  practice  of  that  profession. 
So,  too,  must  I,  and,  therefore,  1  am  sure, 
that  from  them  I  shall  obtain  the  excuse 
I  need — I  mean  f  i-  the  lanj^uage  I  may 
employ ;  for  i  make  no  apology  for  the 
matter,  fnrfter  than  Ats,  Aat  I  do  assure 
you,  as  the  only  compliment  I  can  ])ay 
you,  that  I  have  taken  every  intcr>'ai,— 
that  I  have  devoted  every  possible  portion 
of  time^-^to  prepare  myself  lor  oomii^ 
before  you. 

Gentlemen,  these  lectures  must  not 
strictly  be  designated  "  Lectures  on  Com* 
j)arativc  Anatomy."  1  can  demonstrate 
to  you  at  this  moment,  that  such  a  course 
of  leetnres  as  tbat,  it  is  not  possible  foe 
nie  to  give.  For  were  I  to  call  for  those 
things  which  are  necessary  even  to  a 
cotuve  on  comparative  anatomy,  I  should 
soon  be  disappointed.  I  should  be  sorry 
to  call  for  them,  because  my  excellent 
friend  here  (turning  to  Mr.  Clift)  would 
come  with  continual  apologies  for  the  want 
of  them.  Now  1  mertinn  thi«,  not  by  way 
of  apology  for  myseii,  but  to  show  you  at- 
ones that  I  have  a  distinct  well-marked 
path  beCoie  ncb—ai  if  a  flncer-poat  were 
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erected.  I  liave  to  go  along  the  gallery  of 
the  museum  of  this  college,  and  to  place 
befote  y«u  from  thence  the  preparations  of 
Mr.  HcNTER,  and  to  endeavour  to  follow, 
in  mj  leclnrM^  flie  conne  be  took  in  pre< 
paration  of  them. 

Now  we  must  never  forget  that  Huktkr 
waa  not  a  comparatiw  anatomlBl^  nor 
iiiert-ly  an  anatomist,  but  tliat  he  used 
those  portions  of  knowledge  which  were 
jumished  him  by  a  study  of  the  whole 
animal  kingdom,  as  the  means  of  arriving 
at  somethinj^j  further, — of  cnrryiTip:  him  on 
to  a  knowledge  of  the  iuncUons  of  the 
human  body.  And  not  even  stopping 
there,  but  having  the  ulterior  object  in 
view  of  elucidating  the  patAoIogjf  of  the 
human  bod^.  Therefinr^  instead  of  dilat- 
ing merely,  as  men  of  leisure  might  do, 
on  eon^MH^iioe  anatomjf  or  natural  hutory, 
we  are  to  follow  the  great  example  which 
HuXTsa  has  set  us ;  for  I  conceive  that 
I  am  chiefly  to  be  useful  in  these  lectures 
by  pointing  out  to  young  men.  what  Mr. 
UvxTER  did,  and  kow  he  did  it. 

I  feci  some  delicacy  in  speakinf^  of  Mr, 
HuNTEU  after  the  admirable  oration  you 
have  so  lately  heard  ;*  but  I  will  beg  you 
to  recollect,  that  there  are  many  present 
who  did  not  hear  that  oration,  and  I  be- 
lieve that  there  are  many  here  who  do 
not  know  Johx  IIuntbr  and  William 
UuNTEa  as  they  ought  to  do.  1  entreat 
yottt  therefore,  to  give  me  your  ^tention 
whUe  I  speak  to  the  junior  members. 

Now  there  is  a  fault,  an  error,  a  mis- 
conception, arising  from  an  imperfect 
knowledge  of  Hoimtn,  his  life,  and  his 

actions.    V<Q  contintially  hear  it  said  that 

Stung  men  need  not  read  boolcs,  because 
VNTcn  never  did.  There  can  be  no 
greater  fallacy,  no  greater  mistake,  than 
this.  Let  us  understand  the  true  mean- 
ing of  the  remark,  that  **  Hunter  never 
read.**  It  must  be  acknowledged,  that 
diiring  the  early  period  of  Mr.  Huxtku's 
life,  he  was  idle,  lie  had  the  misfortune 
to  lose  his  father  early.  His  elder  brother 
was  engaged  in  his  profession,  and  Johx 
HcxTRa  himself  lived  in  a  remote  county 
with  his  mother  and  aunt,  and,  In  the 
wor  I5  of  domestic  reprimand,  he  was  "  a 
bad  boy."  He  would  learn  nothing.  1 
oould  put  my  hand  on  a  letter  of  an  old 
frieiKl  (  f  the  family,  who  sufficiently  tic 
scribes  this .  iact  in  a  few  words.  He 
was  a  neglected,  indulged,  boy,  and,  in 
short,  it  was  not  until  ripened  and  manly 
feelings  took  possession  of  him,  that  he 
began  to  understand  the  great  character 
of  his  brother,  the  example  of  whom  was, 
with  words  of  affectionate  kindness,  con- 
UQu.iIiy  prcsiied  on  iiim.    He  delighted  to 

*  Aliodlng  t9  Iks  HoateriM  ontioo. 


think  of  what  Dr.  W.  Hum  kr  was  doing, 
and  then  with  rising  energies  resolved  to 
win  the  esteem  of  that  brottier,  that  be 
might  join  Mm. 

Now,  Goitlemen,  vnless  we  consider 
who  that  brother  was,  the  whole  course 
of  Mr.  HuMTai^'s  life  was  a  miracle. 
We  should  consider  who  Dr.Hvm'Bnwas. 
I  know  you  have  learned  that,  from  your 
various  lecturers,  but  you  may  not  be 
aware  that  yon  arc  indebted  in  a  great 
measure  for  the  lectures  they  give  you, 
and  for  the  regularity  and  systematic 
course  that  obtains  throughout  this  city, 
to  Dr.  HuxTBB.  Before  his  tune  no  such 
thing  as  "lectures"  were  given  at  all. 
When  he  had  once  set  a  pattern,  other 
|»ersons  imitated  him,  and  the  nearer  the 
imitation,  the  greater  their  rlcvation.in 
the  profession  became.  When  the  younger 
brother  joined  the  elder,  the  latter  bad 
obtained  a  high  reputation.  It  is  particu- 
larly necessary  that  the  junior  members 
should  observe  how  Dr.  Huxter  advanced; 
for  had  he  not  so  advance,  we  should 
never  have  heard  of  Tom  v  HrxTKR.  His 
elevation  was  tlie  eft*act  of  education.  He 
was  highly  educated,  and  had  the  farther 
merit  of  having  educated  himself.  He 
was  a  man  of  genius,  but  his  mental 
powers  were  not  shown  so  strongly  as 
those  of  the  younger  brother.  He  pos- 
sessed much  elegance  of  deportment,  and 
an  insinuating  address,  and  was  the  most 
ehxjuent  lecturer  that  ever  addressed  stu- 
dents. He  had  a  noble  collection  of  ana> 
tomical  preparations,  a  princely  collection 
of  gems,  and  the  finest  collection  of  coins 
in  Europe.  All  this  he  possessed,  and 
had  enipluycd,  before  Johx  Huxter 
joined  him.*  Therefore,  instead  of  sup- 
posing that  John  HrxTEn  began  as  an 
ignorant  man,  you  must  recollect  that  he 
was  in  reality  a  student  in  the  dissecting- 
room  of  his  brother,  having  the  advantage 
of  his  brother's  admirable  museum,  his 
conversation,  his  taition  both  In  inivato 
and  in  public,  the  advantage  of  the  com- 
pany of  men  who  came  to  visit  Dr.  Hux- 
ter and  his  museum  from  all  parts  of 
Europe,  every  man  of  distinction  and 
eminence  doing  so.  Such  was  the  society 
in  which  John  Huxter  was  placed,  and 
such  was  the  source  of  all  his  eminence. 
He  began,  in  fact,  to  work  for  himself  on 
the  excellent  basis  of  his  brother's  la- 
bours. If,  therefore,  you  reflect  on  the 
example  of  John  Hcnter,  yon  will  do 
well  to  consider  the  character  of  them 
both ;  for,  unaided  by  such  advantages  as 
the  elder  brother  afforded,  there  can  be 
no  hope  of  imitating  the  younger  brother. 

But,  no  doubt.  Gentlemen,  John  Hw- 
ter  possessed  that  which  is  above  all 
commeut— '^»iif$  and  mark  bow  that 
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LECTURE  VII. 

ON  THE  ORGANS  OF  SUPPORT  OF  THE 
HBLMINTHOID  CLASSES  OF  ARTICU- 
LATEO  ANIMALS. 

We  como  now  to  consider  the  skeleton 
of  the  second  grand  division  of  the  aiiinml 
kutgdom,  comprehending  all  the  articu- 
iaied  clanei^  from  the  slmplett  intestinal 
-wonns  to  the  mostcomplicated  of  the  cru8> 
taceous  animals.   The  hody  of  these  ani- 
mals has  almost  always  a  lengthened  form, 
divided  hy  traiisx'erse  constrictions  into 
nuincruuii  luuveuble  rings  or  segments, 
and  the  skdetonb  disposed  in  thefonn  of 
tnbular  rings  or  sheaths  over  the  whole 
surface  of  the  trunk  and  extremities.  In 
many  of  the  classes  of  this  division  there 
arc  no  articulated  extremities  for  progres- 
sive motion,  although  the  body  presents 
a  distinct  articidated  character.  This  is 
the  case,  for  instance,  with  diese  various 
intestinal  and  red-blooded  wonns,  and  with 
the  small  rotiferous   animals,  and  with 
these  cirrbopods  Axed  in  theii  sheik, 
which  so  much  resemble  entomostraceous 
cmstaceous  iniinali.  Tbe  higher  Glasses 
No.  035^ 


of  this  di\ i'l^inn,    liO'AcVrr,  nrc  ■l1ro^■^^^Jd 
with  articulated  members  for  progressive 
moti<m  devdoped  from  the  rtdes  of  tiie 
sepincnts.   This  you  perceive  to  he  the 
cast  \Mth  these  scolopendra)  and  other 
myria])od8,  and  with  the  insects,  fhearach- 
nida,  and  all  the  cmstaceous  animals. 
Notwithstanding  the  diversity  of  outward 
form  in  the  animals  belonging  to  these 
numerous  classes,  the  plan  of  their  or- 
ganization IS  rr  mnrkably  uniform,  nnd  can 
be  traccil  through  all  the  helinintboid 
dasses,  as  well  as  through  thoi^e  which 
have  articulated  organs  of  motion.  In 
beginning  the  study  of  these  articulated 
forms  of  the  skeleton  with  the  lowest  of 
the  helniinthoid  classes,  wc  are  led  back 
to  organizations  much  simpler  than  many 
we  have  already  seen.  This  simple  hy- 
datid,  and  most  of  these  entozoa,  have  a 
much  less  complex  oiganization  than  the 
echinodenna  we  were  last  examining. 
This  is  an  inconvenience  inseparable  from 
all  classifications  founded  on  organization, 
or  on  any  other  scientilic  principles.  We 
arc  commencing  a  type  of  organization  to 
whicli  we  have  been  gradually  led,  and 
which  is  common  to  an  immense  division 
of  the  animal  kingdom,  leading  ns  to  much 
Tnnrc  complex  stnictures  than  any  we  have 
cousulered,  and  yet  inferior  to  the  highest 
of  the  mollesoous  dasses.  We  may  sup- 
pose a  nictaniori)hosIs  of  the  nervous  sys- 
tem of  the  radiated  classes  into  that 
of  the  etiietUatay  by  the  contraction  of  the 
nervous   ciicle  of  the  former  and  tliG 
extension  of  two  of  its  radiating  filaments 
along  the  lowei'  part  of  the  body,  where 
we  can  distinguish  the  sensorial  from  the 
motor  nerves.    From  animals  wiih  the 
axis  of  tlie  body  raised  perpendicularly 
upwards  from  the  mouth,  we  come  to 
those  which  have  the  axis  lengthened  and 
placed  horizontally— the  best  adapted  for 
creeping  on  a  solid  surface,  and  for  being 
insinuated  into  small  passages.    iMost  of 
thcui  have  a  predaceous  and  parasitic 
character,  from  the  entozoa  to  tiie  cms* 
tac-ea. 

Where  the  superficial  skeleton  of  these 
animals  is  soft  and  yielding,  the  appear* 
aoce  of  segments  and  sxtteulatioai 
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£unt  or  even  wanting,  but  \s'here  it  is  more 
solid  it  is  necessarily  jointed  in  every  part 
where  motion  is  required,  aud  this  is  ap- 
plicable to  the  skeletons  of  all  classes  of 
animals.  If  we  overlooked  this  circum- 
stance we  might  iailto  perceive  the  analogy 
which  eadtts  tetween  the  aadivided  soft 
skeleton  of  an  a*com  (N),  or  filaria,  tinil 
the  more  firm  and  divided  condition  of  that 
psrt  in  a  nereit  (Q,  p.  351)  or  myriapod. 
Thc'^c  riense  anmilar  coverings  of  the  soft 
parts  in  the  articulated  clifNses  require  to 
be  exuviable  in  order  to  allow  of  the  de- 
velopment and  growth  of  the  contaiiuHl 
organs  in  every  part  of  the  body  and  its 
appendices.  The  skeletons  of  these  classes 
not  being  reinforced  by  successive  de- 
posits during  the  whole  of  life,  as  in  the 
molluscous  classes,  but  being  only  tem- 
porary coverings,  and  the  result  of  one 
eiFort  of  formation,  are  nhvays  thin  and 
light,  and  the  oirbonatc  of  lime  is  seldom 
employed  in  tteir  consolidation.  Its  place 
is  supplied  by  the  more  dense  phoaphafe 
of  the  vetebrata,  excepting  in  the  large 
skdetons  of  the  cmstacea,  and  inihe  ex- 
terior testaceous  shields  of  I3ie  clxvllOpods 
and  some  of  the  annehdcs. 

The  cold,  moist,  creeping,  serpent-Uke 
condition  of  worms,  and  their  resemblance 
to  maggots,  so  destrncti\'e  to  nri^nnic 
bodies,  are  apt  to  excite  feelings  of  n  pug- 
nancc  towards  tlieir  outward  forms,  and 
more  than  indifferenrc  towards  the  study 
of  their  internal  mechanism,  iiut  \vc 
should  remember  that  worms  form  a  ne- 
cessary link  in  the  great  chain  of  orgnnic 
developments,  that  they  are  the  steps  by 
vhich  alone  we  are  led  to  the  whole  me- 
chanism and  economy  of  insects,  whose 
myriads  of  forms  exceed  all  the  rest  of 
animated  nature,  and  that  they^  are  the  sole 
representatives  of  human  organization  at 
that  partictdar  stage  of  its  development. 
The  beauty  of  the  forms,  the  structure, 
stud  the  colours,  of  many  of  them  are  not 
exceeded  by  those  of  any  other  animals, 
and  their  myriads  in  the  soils  of  all  con- 
sents, in  the  sands  of  all  seas,  and  in  the 
^tnliea  of  all  animals  and  vcgctahlcs, 
render  them  important  in  the  economy  of 
nature.  Worms  and  insects  display  as 
much  the  hand  of  the  Great  Artificer,  and 
are  as  perfect  for  their  objects,  as  man 
himself.  In  tracing  the  development  of 
human  organs  in  the  great  body  of  the 
animal  kingdom,  we  must  pass  through 
these  stages  of  existence.  Fortunately  the 
time  is  now  past,  even  in  this  country,  for 
ignorance  to  sneer  at  the  nnntdniy  of  an 
insect  or  a  wonn.  To  ovcriouk  any  of  the 
links  in  the  great  chain  of  these  com- 
pafiso!i«,  or  to  attach  insignificance  to 
some  uurticular  stage  of  this  general  pro- 
^  d^Felopmenty  would  hetray  a  gross 


ignorance  of  the  most  ititeresting  and 
philosophical  part  of  the  Ltmly  of  anatomy 
aud  physiology  as  cultivated  iii  our  times. 

The  lowest  of  the  helminthotd  classes, 
the  entozoa,  have  scarcely  any  anatomical 
character  in  couimoo }  they  are  grouped 
together.  Mid  hare  received  thcjr  name 
from  their  being  parasitic  inhabitants  of 
the  bodies  of  other  animals.  The  softness 
and  tenacity  of  the  medium  in  which  they 
livr,  nnil  ihr  motions  whidi  take  place  in 
the  parts  of  that  soft  medium,  require  that 
the  long  bodies  of  the  entozoa  mould  not 
be  covered  with  a  hard  inflexible  shell, 
but  that  the  skeleton  should  possess  suffi- 
cient elasticity  and  totighuess  ,to  prevent 
tearing  or  compression  from  the  move- 
ments of  the  portions  of  the  living  ani- 
mals in  which  they  reside.  Hence  their 
parts,  analogous  to  the  more  solid  ske- 
letons of  higher  articulated  classcp,  nro 
placed  over  ^e  exteiior  of  the  whiolc  boiiy, 
and  consist  of  an  elastic  tunic,  smooth, 
glistening,  and  unctuous,  on  the  outer  sur- 
face^ in  most  of  the  long  c)  liudrical  worms, 
as  the  JUariOf  Mtrongtjlm,  «eMfMr]kyn- 
chwt,  mid  ascarh.  It  is  to  the  density  of 
this  exterior  covering  of  intestinal  womis 
that  they  owe  the  remarkable  stiffness 
and  elasticity  of  thdr  whole  body.  This 
tough  skin  is  transparent,  almost  homo- 
geneous, and  of  considerable  thickness, 
so  l}»t  in  looking  through  one  of  these 
worms  where  the  two  muscninr  f  f>ats  arc 
thin,  we  can  easily  perceive  the  lorrn  and 
arrangement  of  tte  contained  organs.  In 
the  lengthened  cylindncal  forms  of  these 
animals,  this  tunic  is  much  stronger  than 
in  any  bther  genera ;  hut  we  may  regard 
the  thinner  covering  of  the  jointed  tamitP 
and  boihrioc^baUt  and  the  still  more  fine 
and  dilataUe  ddn  of  the  hydatids  and 
ccenuri  as  analogous  parts.  The  inter- 
rupted form  of  the  transverse  and  longitu- 
dinal muscular  fibres  of  the  two  fibrous 
inner  coats,  is  produced  by  the  numerous 
insertions  of  those  fibres  into  the  inner 
sur£ace  of  this  integument;  and  it  is  by 
the  contractions  of  those  two  sets  of  fibres, 
that  the  surface  of  those  animals  is  made 
to  assume  its  tj-ansverse  corrugations,  and 
its  longitudinal  striae*  These  transvenM 
corrugatiniig  of  the  elastic  integument  of 
the  fililbrm  mttaout  are  the  first  traces  of 
the  artlcolated  form  of  the  trunk,  which  is 
so  marked  in  the  higher  classes  of  this 
division ;  and,  indeed,  this  articulated  form 
of  the  body  is  already  strikingly  marked 
in  the  ttenia  and  otAier  cestoid  entozoa.  In 
this  magnified  view  of  tikie  aacarit  {N  1), 
given  by  (Ji.ouu£T,  you  will  observe  that 
the  whole  animal  consists  of  nothing  hut 
the  trunk  ;  lui  cxticniitics  or  lateral  cirrhi 
or  sctuc,  nor  any  kind  of  appendices,  are 
yet  developed*  Amn  the  Intobati  awmli 
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(N  1,  rf),  the  body  en- 
larges, is  slightly  mark- 
ed by  transverse  cor- 
rugations, and  through 
the  transparent  inte-  * 
gumunt  oiwhich  I  have  •'^ 
been  speaking  (iV2,  a), 

{'Oil  can  perceive  the 
ongitudiual  abdoiuiual 
nervous  filament  (JVl, 
e  \  2  h),  which  appears 
single,  hut  when  ar- 
rived at  the  vulva  it 
divideif  and  passes  on 
each  side,  showing, 
that  throughout  its 
course  it  was  douhle, 
as  in  other  articulated 
classes  of  anioials.  This 
abdominal  filament  oan 
be  traced  to  near  the 
anus  (iV  1,  b),  at  the 
opposite  end  of  the 
worm,  so  that  this  sim- 
ple condition  of  the 
nervous  system,  with- 
out a  ganglion,  and 
consisting  of  two  pa- 
rallel longitudinal  con- 
tiguous filaments,  is 
strikingly  analogous  to 
the  first,  coudition  of 
that  important  system 
in  the  embryo  of  the 
highest  vertebrated 
animals,  where  die  two  / 
chorda  of  the  spinal 
marrow  are  known  to 
make  their  first  appearance  as  a  simple 
streak,  along  the  central  transparent  part 
of  the  cicatricnln,  which  becomes  the 
young  cuibiyo.  The  two  sides  of  the 
worm  are  also  marked  by  streaks  or  lines, 
one  on  each  side,  but  these  belong  to  the 
circulating  system,  which  is  here  conduct- 
ed in  vessels  without  any  heart  or  pulsat- 
ing cavity.  The  back  is  also  marked  by  a 
longitudinal  line,  which  by  some  is  consi- 
d€Kred  to  be  a  nervey^but  which  is  more 

probahly  a  vessel  for  the  circnlatirig  fluid, 
as  in  more  perfect  worms  and  other  arti- 
culata.  This  enlarged  transverse  section 
cf  the  Iwdy  of  the  ascaris  {N  2),  shows 
you  the  relation  of  the  contained  parts  to 
the  exterior  skeleton,  which  forms  the 
outer  enveloping  band  iN2,  a).  Within 
this  outer  circle  is  seen  the  section  of  the 
two  muscular  uoats  {N  2,  tiic  outer 
consisting  of  transverse  fibres,  and  the 
ijincr  coat  of  longitudinal  fi!)rcs.  At  four 
points,  equally  di^itant  from  each  othe^  and 
almost  in  contact  with  the  outer  covei-ing, 
arc  seen  the  two  lateral  vcssela  (iV2,  e  e}, 
(bQ  nhdMoioal  uenre  iN  'i^  A)i  aad  the 


dorsal  line  1  hvre  Just  meoHoivd  (N  %» f  )i 

Tlie  c  i:i]ir('SBcd  stomach  occupies  we 
middle  of  this  section  {iV  2,  c).  The  nu- 
tritious appendioea  {N  2,  /.)  occupy  most 
of  the  space  between  the  ttoimch  and  the 

muscular  coats. 

The  hardest  piM^^f,  however,  of  the  Int 
testinal  wonaf  thus  low  in  the  class,  are 
the  sharp-pointed,  conic  al,  nirvcd  spinef 
so  numerous  and  so  singularly  Uispoied  o« 
the  bodies  pt  tiie  various  spedes.  Some* 
times  these  fimi  sharp  spines  are  confined 
to  the  mouth,  and  serve  obviou^  as  teeth* 
At  other  times  they  are  disposed  over  ^, 
great  part  itf  the  anterior  extremity  of  the 
body,  giving  it  the  character  of  a  file,  and 
serving  aa  organs  to  abrade  tlic  surface 
on  which  they  are  to  feed,  or  through 
which  they  have  to  force  their  way ;  they 
are  thus  also  organs  of  progressive  mop 
tion,  Uke  the  dirhi  and  seta:  of  the  axxoBf 
lides,  though  they  here  differ  in  their  po- 
sition and  arrangement.  The^e  ajiines  are 
strongest  and  most  numerous  on  the  mmir 
thocep/talouit  entozoa,  where  they  cover 
the  whole  of  the  retn^otUe  proboscis,  and 
sometimes,  as  in  Ae  echinorfaynchus  hys» 
trix,  nearly  the  whole  exterior  surface  of 
the  skin.  The  transition  is  thn«  apparent 
from  these  teeth -like  organs  in  the  inta- 
rior  of  the  body  to  thoie  covermg  the 
surface,  and  from  those  covering  the  sur- 
face of  the  entozoa,  which  move  through 
a  fleshy  resisting  medium  everywhere  in 
contact  with  them,  to  the  lateral  spines  of 
the  annelides,  which  can  be  moved  with 
more  freedom  and  more  pseciBion  tOifougb 
I  liquid  medium  or  on  the  solid  ground. 
In  the^o  beautiful  magnified  vie^s  of  the 
entozoa,  given  by  M.  BusMSaK,  the  dif^ 
tinguished  helminthologist  of  Vienna,  yon 
will  obsen^e,  that  even  the  softest  hyda-* 
tids  and  cxnuri  have  their  hiile  oral  diskff 
surrounded  by  these  reverted  spine^  ta 
secure  their  position  and  obtain  their  ne- 
cessary food,  by  abrading  the  living  sub- 
stance around  iSkem.  In  dds  exteiMive 
class  of  worms,  the  articulated  form  is  of 
course  greatest  and  most  distinct  wliere 
the  ^ctecior  covering  is  most  dense.  Vtmr 
there  are  many  animals  of  this  elass  whic^ 
are  found  fixed,  and  sucking  the  vital  flui^ 
on  the  exterior  lurfaoe  of  tiie  body,  parii* 
cularly  of  fishes.  We  see  them  adhering 
to  the  lips  of  fishes,  to  tho  inside  of  their 
mouth,  to  their  eyes,  to  their  gUisi,  and 
other  tender  parts  uiMMvered  by  scal^ 
which  they  can  easily  pierce.  These 
epizoa,  as  they  have  been  called,  lurc  gene- 
rally fixed  imraovealily  to  one  point,  bf 
means  of  organs  appropriated  to  that 
oiiice,  extundipg  from  tlie  aides  of  the 
head,  and  tetviifatiBg  eMh  in  n  sbarpf 
hook.  The  rest  of  their  body  is  freely* 
^ytm^  to  the  influ<»fie  of  tba  euc^ 
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rounding  water  in  which  the  fish  re- 
tides,  and  acquires,  on  its  surface,  a 
mvch  denier  oovering,  much  more  distinct 
articulations,  and  has  already  developed 
from  the  sides  of  the  trunk,  rudimentary 
legs,  and  firom  the  bead  mdimentarf  an- 
tomue,  niaxillx,  palpi,  and  the  other  or- 

ElB  wc  find  so  perfect  in  this  region  in 
eets  and  crustacea.   The  highly -de- 
veloped forma  of  the  skeleton  belonging 
to  this  class,  arc  beautifully  represented 
in  these  plates,  published  last  year  in 
Beriin  hy  Professor  NoKDMAVif.  Tbay 
are  accompanied  by  a  much  more  com 
plicated  internal  structure  than  that  of 
tiie  entoma  I  have  been  mentionfaig.  Ton 
perceive  this  insect-like  form  of  the  skele 
ton  in  the  head  and  trunk  of  the  various 
lerntese  and  cbondrocantbi,  and  Ibe  trunk 
in  the  lamproglena  of  Nordmanx  is  even 
divided  into  a  head,  a  thorax  consisting 
(as  in  insects)  of  three  segments,  and  an 
abdomen,  the  aegnwnts  of  the  thorax 
having  each  a  pair  of  rudimentary  legs. 
We  have  thus  all  the  characteristic  parts 
of  the  complex  skeletons  of  insects,  already 
begun  to  be  developed  in  the  lowest  of  the 
belminthoid  classes,  and  the  general  plan 
<iftbla  exterior  tketetoii,  more  or  leaa  con- 
aoUdated,  according  to  the  exigences  of 
the  species,  throughout  all  the  animals  of 
ihia^eatarticiilftted  diviakniof  the  animal 
ktngoom* 


In  the  rottfertma  animalcules,  there  are 
anpra  and  infra  oesophageal  ganglia,  ab- 
dominal longitudinal  nerves,  a  dorsal  ves- 
sel for  circulation,  lateral  maxillae,  and 
naxiy  oilier  parts  which  remove  them  far 
from  the  polygastrica,  and  serve  to  con- 
nect these  singvdar  minute  wheel-animal- 
cules with  ^e  belminthoid  articulate. 
Their  exterior  covering  is  thin  and  trans- 
parent, hut  must  possess  considerable 
denaky,  from  the  nnmerons  muscles  in- 
serted into  it ;  and  when  their  body  is  re- 
tracted or  shrunk  backwards,  we  perceive 
dlstfnet  deep  trantrerae  oorraganons,  as 
you  observe  in  these  interesting  fii?ures  of 
EBaBMBXRO,  representing  the  rotifer  vul- 
fvnrjt.  But  the  densest  and  most  import- 
■Bt  part  of  the  exterior  of  the  rotiferous 
fwtff**^*,  is  the  hard  apparatus  of  jaws 
placed  at  the  sides  of  tho  mouth,  and  re- 
^«aenting  the  strong  mandibles  of  in- 
sects and  Crustacea.  In  most  of  the  ro- 
tifcra  these  can  be  distinctly  perceived, 
aanromided  by  a  strong  apparatus  of  mus- 
cles to  move  them  with  force,  and  they 
present  at  their  proximate  free  margins  a 
Tarlable  nrnnber  of  teetb  placed  parallel 
to  each  other,  resembling  the  parallel 
tubes  of  a  pans-pipe.  In  these  large 
diagrams  of  the  anatomy  of  the  k^datina 
•mie  I  have  flgnrad  these  lateral  uadlbB 


(0  1,  i ;  2,  a)  at  the  side 
of  the  mouth  (0  1,  a), 
surrounded  with  their 
muscular  ap])aiatas  (O  1, 
e,  2  b).  These  animals 
moving  about  In  the 
fresh  waters  appear  as 
if  they  had  revoUing 
wheels  at  the  fore  part 
of  the  head.  This  ap- 
pearance is  produced  by 
the  rapid  vibrations  of 
thedlia,  which  are  dis- 
posed sometimes  in  one,  and  sometimes 
in  two  circles  on  that  part  of  the  body. 
These  minute  organs  have  a  oompltcated 
series  of  muscles  for  their  motions,  and  of 
ligaments  for  their  attachment.   The  nu- 
merous highly-interesting  coloured  plates 
of  EHUENBKnG,  show  you  the  muscular, 
nervous,  vascular,  and  generative  systems 
of  these  minute  aninials,  and  the  nume- 
rous forms  presented  by  these  hard  den- 
ticulated lateral  jaws  in  the  different  spe- 
cies, and  appear  to  establish  their  rela- 
Uons  to  the  articulated  classes  of  animals, 
rather  than  to  the  radiated  classes,  where 
they  are  placed  by  all  the  systematic 
writers. 

We  find  animals,  helonf^ing  to  thh  ar- 
ticulated division  of  the  animal  kingdom, 
OBclosed  in  permanent  multivalve  shells, 
like  those  of  molluscous  animals,  and  fixed 
immoveably  to  the  surfietce  of  solid  bodies 
along  the  shallow  shores  of  all  seas.  They 
are  called  cirrhopoda,  from  the  curled 
form  of  their  feet,  which  you  observe  to 
consist  of  six  pairs  of  jointed  ciliated  ap- 
pendices attached  to  each  si<le  of  the  pos- 
terior portion  of  the  body  in  these  dis- 
sected bamaclet  and  acom-shcUs.  Not- 
wittittanding  the  molluscous  appearance 
of  these  animals,  from  their  heme;  en- 
closed in  shells  composed  of  carbonate 
of  lime,  growing  by  sncceaslve  layers, 
and  lined  internally  by  a  secretin fleshy 
fold  like  the  mantle  of  a  gastcropod, 
the  animals  themsdvea  have  idl  the  cha- 
racters of  entomostracous  eruttacea,  and 
indeed  I  used  formerly  to  consider  them 
as  forming  an  order  of  that  class.  Uka 
the  insec  ts  and  worms,  they  have  two 
nervous  chords  running  along  their  ab- 
dominal surface,  with  rcgtilarly-disposed 
ganglia  upon  their  sensorial  portions  or 
anterior  columns.  Their  articulated  ex- 
tremities are  symmetrically  disposed  on 
the  two  sides  of  the  body.  Thebranchi* 
arc  formed  like  those  of  rrustaccn,  and, 
as  in  that  class,  are  attached  to  the  extre- 
mities on  each  side.  Tbdr  intesthies  are 
not  convoluted,  like  those  of  molluscous 
animals,  but  pass  straight  through  the  bod)^ 

as  in  most  other  articulated  diunea. 
appear  to  be  at  litUe  prorlded  vith  tfganf 
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of  sense  as  the  entozoa,  and,  fixed  in  an 
tnToted  position  In  thdr  immoveable 

shell,  they  as  little  require  such  or;^nns; 
indeed,  tbeir  bead,  as  in  most  helminthoid 
classes,  it  scaroely  disHngiilsliable  from 
their  body.  The  long  cellular  i)eduncle  o» 
the  anatifa  (P  I,/)  is  attached  to  the 
part  of  the  shell  next  the  head  of  the 
enclosed  animal,  and  the  organs  of  gene- 
ration and  the  anus  terminate  in  a  long 
funiUil->bapiJ  tu!>e,  thiu  and  flexible, 
which  is  pi-olongcd  from  the  oiiposite  end 
of  the  hody.  The  circulation  is  aided  by 
only  one  pulsating  cavity,  as  in  most  ar- 
ticnlated  animals.  Notwithstanding  the 
difference  in  external  appearance,  between 
these  numerous  sessile  and  pedunculated 
species,  the  internal  structure  is  remark- 
ably similar  in  all  the  animals  of  this 
small  class.  These  are  the  animals  which 
yoi^  observe  covering,  as  with  a  calcareous 
crust,  the  rocks  on  all  parts  of  the  sea- 
shore ;  they  adhere  to  and  cover  the  sur- 
face of  the  shells  ol"  marine  animals,  and 
the  stems  of  marine  plants.  They  adhere 
to  the  skins  of  whales,  and  I  have  found 
them  grow  iug  on  the  surface  ofpoqwiscs  I 
,  have  dissected  on  this  table,  liiey  adhere 
to  tile  >)ottom  of  ships,  even  when  coated 
witli  metal,  because  they  secrete  a  calca- 
reous layer  between  themselves  and  the 
corrosive  oxidizing  surface,  and  by  their 
calcareous  shells  thus  spreading  over  the 
ships  under  surihce,  they  afford  the  means 
of  attachment  to  all  kinds  of  marine  plants 
and  zoophytes,  so  that  the  ship's  motion 
is  retarded  by  its  dragging  a  forest  through 
the  sea.  The  shells  of  ^ese  little  cirrho- 
pods  cover  all  timbers  exposed  in  the  sen, 
and  the  broken  uteusils  and  instruments 
thrown  out  from  vessels  lying  at  anchor 
in  roads,  as  }  ou  sec  they  have  co\  eio(l 
the  surface  of  these  glasses  and  porcelain 
vessels  taken  up  by  dredges  nrom  the 
roads  In  the  Firth  of  Forth. 

These  shells  ai'c  composed  of  layers  of 
tho  carbonate  of  lime,  added  one  to  an- 
other, and  always  the  new  disposed  on 
the  inner  surface,  and  cvtending  beyond 
the  margin  of  the  old.  They  are  thrown 
out  on  the  sur&ce  by  the  fleshy  part, 
which  has  been  com])arcd  to  the  mantle 
of  the  molluscous  animals. 

In  the  common  barnacles  or  acom-shclls 
yomwill  o1)sorvc  aiiiultivalv  L'  skeleton — this 
belongs  to  the  (ix.cd  or  sessile  kind,  while 
that  of  the  anatiia  is  pedtmcolated.  We 
have  here,  in  theconiuinii  l-aniade,  six  py- 
ramidal portions,  with  their  base  applied  to 
the  rock ;  and,  intervening  between  these, 
there  are  six  pyramidal  portions,  with 
their  points  directed  downwards,  so  that 
there  are  twelve  pjTamidal  pieces  in  this 
little  conical  shell,  and  it  was  necessary 
to  have  it  composed  of  several  detached 


pieces,  to  allow  of  ita  increase  during  the 
growth  of  the  endoaed  animal.  tMa  li 

not  a  cone,  like  the  imilocnlnr  shell  of  a 
gasteropod,  which,  being  open  at  its  base, 
can  grow  by  simply  adding  new  and  larger 
cones  within  the  old.  In  this  common 
balanus  the  open  part  of  the  shell  is  the 
apex  of  the  cone,  so  that  new  la\  ers, 
added  to  its  interior,  would  diminish  both 
ca\nty  and  ajicrture,  if  the  whole  were  not 
divided  into  pieces  connected  together, 
like  tho  plates  wc  saw  yesterday  compos-' 
inij  the  globular  shells  of  the  echinida  (Z»). 
On  examining  the  outer  surface  of  these 
pieces  of  the  AaAmsw,  you  can  perceive 
the  lines  which  mark  the  limits  of  the 
successive  layers,  and  the  direction  in 
which  these  Ia3rer8  have  been  added  to 
each  piece;  these  arc  also  beautifully 
marked  on  these  thin  diaphonous  sheUs 
of  ^e  mai^  (P  1,  c,  d,  e},  where  the 
consolidation  of  the  proximate  and  distal 
lateral  pieces  has  proceeded  in  opposite 
directions.  The  calcareous  piece  which 
filled  up  the  base  of  this  cone,  and  con- 
nected the  balanus  to  the  solid  rock,  was 
next  to  the  buccal  extremity  of  the  animal. 
At  the  other  extremity  of  the  shell,  where 
it  is  open,  aiul  from  which  the  feet  and 
branchix  of  the  animal  arc  incessantly  ad- 
vancing and  retreating  in  the  living  states 
tlierc  is  a  moveable  operculnm  composed 
of  four  pieces.  The  two  pairs  of  pieces  of 
this  opercnlnm  possess  great  mobility,  to 
allow  of  the  continual  protruding  of  the 
animal's  hody,  and  they  grow  by  the  ad- 
dition of  inner  layers,  like  the  other^ecea 
around  the  shell.  IMs  great  moMoty  in 
the  ])iece.s  of  the  operculum  is  Tieccssvy 
for  the  frciiucut  acts  of  I'cspiratiou, 

P 


In  this  anatifa  of  Lamarck,  or  jmifa- 
Uuiuin  ol  II ILL  and  Lkacu,  the  exterior 
shell  consists  of  two  pairs  of  lateral  pieces 
(PI,  c,  d\  2  bb),  and  one  median  piece 
(P  1,  e;  2  a),  placed  along  the  back  ol  the 
enclosed  animal.  .The  1^  large  pnud- 
mal  pieces  (P  I,  c,  c)  have  a  triangiilar 
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ferm,  with  the  base  towards  the  peduncle 
(P  I,/),  which  Goonects  the  animal  to  the 
rocScs  in  Om  sea.  The  anterior  angle  of 

this  base  is  the  part  first  formed,  and  the 
jBucceasive  layers  of  this  piece  extend  to« 
.wards  its  dorsal  margin,  where  tiiey  meet 

the  sraaller  terminal  pair  (PI,  d),  and 
the  dorsal  piece  placed  on  the  median 
plane  {P  1,  e).   The  two  terminal  pieces 


Thus  nature  cvpry\>hcn;  stirpasses  our 
comprehension  and  our  means  of  research, 
wlielher  we  contemplate  ttet  ^rsod  operap 
tions  in  the  construction  of  the  nniverse, 
or  attempt  to  measure  her  skill  in  the 
staticture  of  the  minntest  fibre  of  organised 
matter. 

The  skeletons  and  the  whole  structure 
of  the  mnelida  advance  nS  a  step  higher  in 


begin  tbdr  oonsolidation  at  their  anterior  |  the  development  of  the  articulated  cla^^^es, 
mariarin,  near  their  distal  extremity,  and, and  lead  us  into  those  forms  which  pos- 


thc)  grow  by  the  extension  of  the  new 
layers  towards  the  large  latci'al  pair ;  so 


seas  articulated  members  for  progressive 
motion.   Some  of  them  have  tne  exterior 


that  the  two  lateral  pairs  of  pieces  grow  by  so  soft  as  scarcely  to  present  en  aiticu- 
Iho  addition  and  extension  of  their  layers ;  latcd  appearance,  as  in  the  pleione  and  in 
in  opposite  directions.  The  single  dorsal  the  common  halitlieaorseermoase.  Some, 

piece  Lrrows  like  the  shell  o(&8Ppia,  by  the '  as  the  leprh,  have  only  the  trunk  of  the 
addition  of  layers  to  its  inner  auriace,  and,  I  body  developed,  and  from  v  ant  of  ex- 
.fi»mttMbasenextthepedanc1e,towardsthe  tremiticB  are  gifted  with  great  pliability 
.small  terminal  pair.  But  this  dorsal  jjIccc  and  numerous  segments,  in  the  eaith- 
of  the  anal\fa  has  a  position  with  regard  j  worm  the  segments  are  larger  and  Armcr, 
to  the  contaii^  inverted  animal,  the  re-  and  each  ring  is  provided  with  four  pairs 
verse  of  that  of  the  shdl  of  the  sepia,  where  j  of  very  minute,  eiu-ved,  conical,  and  sharp- 
thefirst-formcdveryconcavc  layer  is  placed  pointed  feet.  Sometimes,  as  in  the  nais, 
at  the  ouitr  surface  of  the  caudal  ex  tieuuty  I  here  is  but  one  long  filament,  developed 
of  the  shdl.  Insomeofthesepeduncolated  from  each  side  of  each  segment,  which 

assists  them  in  moving  on  a  solid  surface. 


drrhopods,  as  in  the  polUcipes,  there  are 
several  small  supplementary  pieces  at  the 
junction  of  the  pednnde  wiui  tiie  base  of 
the  shell,  and  some  have  only  a  cartila- 
ginous covering,  unconsolidated  by  cal- 
careous pieces.  The  anterior  part  of  the 
body  of  the  enclosed  animal,  as  in  other 
articulata,  has  less  of  the  articulated  ap- 
peacanoe^  less  distinct  segments  than  the 
jwsterior  portion  of  the  trunk,  and  has 
the  skin  of  that  part  thia  and  membra- 
nous. But  the  mouth  is  provided  with  a 
pair  of  lateral  mandibks,  and  a  pair  of 
inaxilhe,  wliich  have  soft  rudimentary 
palpi  attached  to  them.  From  their  con- 
fined and  inverted  position  in  their  ex- 
terior shell  these  animals  can  have  little ' 


and  in  their  serpentine  motions  through  the 
water.  The  skin  of  these  red-Mooded  worms 
is  f-n(t  :\!\d  ])liable,  to  compensate,  by  the 
motion*  of  the  tnmk,  for  the  want  of  feet, 
while  the  softness  and  delicate  sensibility 
of  the  ^l:'m  compensate  for  the  imperfect 
development  of  their  organs  of  sense.  This 
delicacy  and  nnprotected  condition  of  their 
outer  surface  cause  many  of  them  to 
shield  their  body  in  adventitious  tubes,  va- 
riously, and  often  most  artfully,  construct- 
ed. But  the  skeleton  of  articulated  ani- 
mals is  their  exterior  skin,  to  which  theur 
muscles  are  attached,  whether  it  be  hard 
or  soft,  ^eie  it  is  soft,  the  articula- 
tions are  of  course  less  marked  and  less 
power  of  selecting  food,  and  thcur  jaws  are  1  needed.  As  the  skin  becomes  oonsoli- 
probably  employ»l  in  msstieating  the  mi- 1  dated,  tlie  articulations  in  these  «^asseS 
ntitc  floating  cmstacca,  hrnnght  into  the  become  more  complex,  and,  thcrcfrvt^.  as 


shell'  by  the  act  of  respiration.  Ail  the  six 
pairs  of  articulated  curled  organs  {Pi, 

a,  ,T  (P)  on  lull  side  of  the  jj  '^  1  nien 
are  probably  subservient  to  respiration, 
they  so  much  agree  in  Aeir  structure  with 
the  branchis.  These  curled  feet  are  not  only 
tnimitely  jointed  with  th'Av  vxtrvmc  points, 
but,  also,  the  innumerable  line  cilia  which 
project  inwards  from  their  surface  are 
thiemselvos  Tninutely  jointed,  and,  by  the 
aid  of  the  mici'oscope,  we  can  perceive 
that  these  jointed  cilia  are  also  ciliated 
bn  their  margins,  but  I  have  not  been  able 
to  trace  this  structure  more  minutely. 

•  tn  ttie  abuvc  figtircs  of  the  tmntiftn  fris  tvdl  «8 
fn  aonie  <»f  iirccedime  wwxi-ciu'  ilit  t^aflcr  will 
limi  many  Utter»  wlm  liarc  imuotii  f*!  iu  the  im- 
s«»t  kcUirvt -••icb  lettcra  bvinj;  InlriiJuceil  t'ltr  llu: 
perpsst  of  IkdUMtlog  fstm  itfereaccsn— BOb  L. 


we  ascend  through  the  myriapodes  to  tuc 
c  rustaceous  animals,  those  joints  beet)"! ^' 
more  distinct  and  more  comjdieated. 
Even  in  those,  however,  whiyh  mark  the 
earth-worm,  with  the  body  thus  soft  and 
naked,  there  are  hard  spines  of  a  horny 
consistence,  which  vrrve  for  progressive 
motion,  Suppojiing  you  ui.ikc  a  section  of 
the  earth-wonn  through  tbe  midflle,  and 
look  down  upon  the  middle  of  a  segment, 
thus  {drawhiy  a  diagram  on  the  Loard)  \ 
you  can  see  that  it  has  eight  short, 
curved,  conical,  tubular,  puiutetl  feet  on 
each  ring  or  segment  of  its  body. 
the  naked  eye  you  can  scarcely  pw*^'.^'^ 
them;  with  the  lens  you  can;  but  with 
the  fingers  feeling  the  sides  of  the  worwi, 
yon  can  distingwMi  them  tn  the  conm^* 
eaxth-worm  very^ilrelL  Now  theis^i^ 
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^iillck  810  dlapf^d  in  four  pdn,'  are  ex- 1 
tremely  simple  forms  of  the  api>aratii3 
which  we  fiud  so  common  and  so  highly 
developed  in  other  forms  of  the  annclida ; 
as,  for  example-,  in  this  aphrodita  and 
pleione,  whole  bundles  of  sctao  shoot  out 
from  lateral  sheaths  of  the  hofly ;  and  here, 
in  the  pleionc,  where  they  arc,  as  in  the 
earth-worm,  in  two  poira  on  each  side, 
they  consist  of  hi^  msdcoU,  or  brushes 
of  seta'.  The  iipper  pairs  are  tlfte  analo- 
gues of  the  vrings  of  insects. 

Now  to  ^e  anatomisti  the  eonsf deration 
of  the  natme  and  relations  of  these  pro- 
jecting filaments  is  not  without  interest. 
Nature  knows  no  sudden  transitiun:^.  Our 
ignorance*  boweFer,  often  makes  us  think 
that  she  passes  ra])jdly  from  one  form  to 
another,  and  that  there  is  thus  a  sudden 
transition,— a  bi^alc,  a  gap,  in  Nature's 

^^^^len  wo  look  at  the  surface  of  a  com- ' 
mbn  cmi^edet  we  see  something  like  the 
jointed  l)i)(Iy  of  a  worm,  with  parts  pro- 
jecting from  its  sidcSf  which  are  also 
Jointed,  and  -which  we  know  to  contain 
tlie  muscles  and  all  the  active  apparatus 
for  the  motions  of  these  members,  or  for 
the  motion  of  the  eirrhi,  9&  they  arc  called, 
in  the  earth-worm.  We  find  no  such  tu- 
hular-jointed  feet  in  many  of  the  annc- 
lides.  In  the  skeleton  of  the  pleione  1 
was  speaking  of,  where  there  are  brushes 
of  seta:,  we  find,  in  the  place  of  the 
tubular-articulated  feet  of  those  centi- 
pedes^ ftet  that  are  solid  internally,  and 
not  jointed  externally ;  but  it  is  interesting 
to  obsei'vc,  that  in  a  great  number  of  them 
these  1si,tenil  spines  or  sets  are  not  solid, 
but  tubular,  as  you  observe  in  these  figures 
of  the  nereis  (Q  1,  ec);  they  contain  a 
cavity  "within  them,  and  even  present  an 
articulated  sur&ce,  thus  approaching  to 
the  form  pf  the  f(^et  of  mjfrk^oda  iQi,di 
3,ac). 

Jg^wif      have  got  in  the  anncUdes  the 

common  tubular  skeleton  that  covers  the 
body  and  the  extremities  of  aU  the  higher 
dasses  of  this  articulated  division.  In 
,fliis  class,  the  anncUdes,  \vc  find  many  of 
the  aoiniaU,  fro^i  theii*  naked  and  im- 
pvdtected  condition,  exuding  from  their 
surface  a  secretion  wliieli  acquires  consi- 
derable firmness,  and  forms  a  cartilagi- 
nous tube.  This  exterior  cartilaginous 
covering  is  generally  still  further  consoli- 
dated and  concealed  by  agglutinating  to 
its  surface  particles  of  soft  mud,  or  sand, 
or  shells,  or  gravel,  by  which  the  worm's 
soft  body  is  protected  from  danger,  and 
it  thus  lurks  in  concealment  from  the 
tigiht  of  its  prey.  As  these  tubicolous 
annelides  arc  aquatic  animals,  breath- 
Jiug  by  means  of  branchiae  or  gills,  thej 
KtplilBtOty  orgAna  we  in  them  gene- 1 


rally  extended  fh}m  around  the  head,  that 
they  may  be  nearest  to  the  surrounding 
medium.  The  earth-worm  has  little  air- 
bhuMteie  opening  along  its  sides,  by  which 
it  can  ro*iiire  atmospheric  air,  and  ])crhaps 
even  water,  fi-om  the  moist  soil  in  which  it 
chiefly  lives.  The  leech  has  eleven  pairs  of 
^ese  vesicles.  TkMNereit  TQ),  the  common 

nereides  or  8ea-<^nt^ 
pedes,  inhabit  for  the 
most  part  soft  tnhrb 
covered  with  mud  or 
sand;  theyhsnrebeaiii> 
tiful,  shining,  pearly 
colours  on  the  surface 
of  their  well-marked 
segments  (Q  1  e).  In 
all  their  appendices 
developed  from  the 
trunk  wo  tee  also  the 
jointed  appearance 
(Q3  fl).  They  have 
nametoos  antenna 
(Q 1  A)  like  crnstacea, 
and  strong  lateral 
jaws,  aad  feet  of  a 
complex  stnjcture, 
and  disposed  with  as 
much  regularity  on 
the  segments  as  Oom 
of  a  «co/o^m^ra  among 
the  myriapods.  Their 
feet  (QS,^}  3  e)  are 
for  the  most  part  pro- 
vided with  two  cirrhiy 
twotnberelesi,  and  two 
tuft-;  of  homy  setsD,  so 
that  the^  are  well  pre* 
pskTod  for  inocien  on 
the  ground  or  through  the  water.  Tho 
terebcllffi  artfully  agglutinate  portions 
of  shells  and  gravel  around  their  tubes, 
which  are  often  straight,  so  that  they 
have  less  lateral  motion  of  their  Im  ly, 
and  the  segments  are  generally  large. 
In  the  very  common-  and  well-known 
species  of  our  sandy  roasts,  the  terebeUa 
conchilegOf  the  tubes  extend  often  nine  or 
ten  inches  perpendicidaily  ISirough  the 
sands,  and  terminate  at  the  surfnrn  nf  the 
sand  in  radiating  tubular  filaments  of  the 
same  shelly  case,  through  ^hicb  paita  the 
numerous  tentacula  around  the  head  arc 
protruded.  Frequently  we  find  many  of 
these  circles  of  filaments  near  fbe  upper 
end  of  the  tube,  from  its  being  repeatedly 
buried  by  the  ever-moving  sands,  and  thus 
obliged  to  build  up  its  tube  to  a  greater 
height,  and  form  a  new  circle  of  little  tu- 
bular filament"  for  the  protection  of  the 
tentacula.  You  will  see  them  in  uiiiiiuns 
projecting  above  the  sands  when  tlie  tide 
is  at  its  lowest  ebb.  The  most  beautiliil 
forms  of  these  red-blooded  worms,  and  the 
noatddicate  in  teartnre  and  wBaaiMifan» 
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mtt  generally  those  found  in  the  least 
Axmy  and  conspicuous  tii})cs,  such  as 
those  which  inhabit  these  simple  tubes  of 
Band.  What  I  now  show  you,  like  a  shape- 
less tiaU  of  af^lntiiuited  sand,  Is  composod 
entirely  of  tubes  thus  constmctcd  around 
the  UtUe  delicate  bodies  oi  the  sabellariae. 

whole  of  this  is  a  insss  of  sand  com- 
posed of  numerous  little  tubes  for  wonns. 
Now  these  exist  in  such  vast  quantities 
tbat  firequently  you  may  walk  oa  the 
coast,  over  a  considerable  tract,  entirely 
composed  of  them,  giving  way  under  your 
feet  like  snow,  and  you  feel  iis;  if  you  were 
crushing  something  by  the  yielding  of  the 
sand-tubes  of  these  sab^tlarifp.  On  look- 
ing where  your  feet  were,  yoti  find  the 
place  strewed  with  red-blooded  worms, 
which  are  the  aniiniils  contained  in  these 
tabes.  Nothing  can  exceed  the  beauty 
ot  tliese  litHe  animals  when  pnt  into 
glasses  of  pure  sesrwater  and  examined 
minutely.  You  peroeive  the  perfect  synw 
metry  of  thesepteti^uiria,  called  pectinarite 
l)ecause  they  have  this  splendid  pectm  of 
bristles,  shining  like  polished  gold,  extend- 
ing from  the  head,  the  bright  lustre  of 
whidi  you  may  see  at  any  distance.  I 
have  separated  some  of  these  animals  from 


and  sometimes  they  arc  convoluted  aud 
separate  from  each  other,  having  a  lieau- 
tiful  serpentine  form ; — hence  the  name  of 
serpula.  These,  then,  ai-e  composed  of 
the  carbonate  of  lime,  wifli  a  little  animal 
matter;  there  does  not  ap])car  to  be  here 
any  of  the  phosphate  of  lime.  These  conoi 
are  altogether  extrarvasoilar,  and  exterior 
to  tbe  skill  of  the  animal,  and,  like  the 
adventitious  tubes  of  other  aunelida,  have 
very  little  connexion  with  the  hody  of  the 
worm.  The  animals  contained  within  these 
calcareous  tubes  arc  provided,  like  the 
other  tuI)icolou6  aimelides,  with  lateral 
sctx,  (u  bristlesr  extending  from  the  side 
of  the  body. 

We  find  that  in  some  of  these  rcd« 
blooded  worms,  where  yovi  do  not  cxtCT* 
nally  perceive  the  trans\'ei*se  divisions,  as 
in  the  common  aphrodita  or  halithca, 
there  are,  beneath  this  outer  reticulato 
integument,  which  allows  the  water  freely 
to  pass  through  it  for  the  respiration  cn 
the  branchiae  within, — moveable  laminso, 
and  those  moveable  laiiiiiue  are  compared 
hy  Meckel  to  the  upper  portion  of  the 
shells  of  the  crustaccous  animals  that 
complete  the  rln^  of  their  vertcbrs  or 
segment:). 


the  tubes,  that  you  may  see  the  beautifid !  Thus  then  we  have,  in  the  simple  strnc- 
strucfure  oi  the  worms,  and  through  their  |  turc  of  the  anneUden,  the  rudimentary  con- 
transparent  texture  pcrcrivr  that  their  in- j  dition  of  the  skeleton  in  all  its  essential 
testine  is  entirely  hllcd  wnli  pure  sand.  It  parts,  both  of  the  rings  or  segments  that 
will  show  you  how  busy  it  has  been,  with  encompass  the  trunk  A  the  body,  and  the 
thousands  of  other  animals,  in  fxtrnrtinf^  external  horny  artiadatcd  tul)ular  ])r\i't8 
nourishment  from  the  organised  beings ,  that  embi'acc  the  cephalic  and  caudai  ap* 
oontidned  in  the  moisture  of  the  sea-sands.  I  pondices  and  the  extremities,  as  in  the 
Tho^t  littit  sand-tubes  of  the  pi  i  tirmria  liii^lier  artleiilated  animals  with  ai"tiiu- 
arc  found  placed  perpendicularly  in  the  i  lated  members.  Their  body  is  inverted, 
MOHto  abdilt  that  part  to  whidi  the  tide  j  so  that  their  digestive,  circulating,  aitd 
retires  at  its  lowest  ebb,  and  just  before '  respiratory  organs,  their  motor  and  gaa- 
it  begins  to  turnout.  The  animal  lays  pliouic  ner\'oti8  cohnnn«,  and  other  sys- 
hold  of  the  minute  particles  of  sand,  and  tems,  occupy  a  positiuu  the  roxerse  of 
builds  up  for  itself,  with  its  adhesive  se- ,  that  of  the  vertehrata.  These  conditions 
creted  substance,  the  beautiful,  symmc-jof  the  articulated  skeleton  of  the  worms, 
trical,  and  conical  ioi  m  of  tube  by  which  [  which  I  have  mentioned,  ore  not  without 
it  is  protected.  i  interest,  considered  with  relation  to  the 

Nothing  is  more  common  than  to  find,  1  theory  of  analogies,  and  the  metamorphoses 
when  ol^cts  have  remained  for  some  time  of  the  elements  of  organic  forms.  Those 
at  the  bottom  of  the  sea,  that  they  become  |  horny  spines  which  project  fitnn  the  sides  of 
covered  with  beautiful  convoluted  caica-  the  segments  or  rin<;s  of  the  trunk,  in  the 
reous  tubes— solid,  conical  tubes,  which  i  red-blooded  worms,  exhibit  often  a  distinct 
contain  each  a  red-blooded  worm ;  these  |  articulated  form,  like  the  extremities  of  a 
are  formed  hy  the  setyula.    They  are  not  crab  or  an  insect.    These  appendices  are 


formed  by  adventitious  matter  drawn  from 
a  distance,  but  are  formed  of  layers  of  car- 
bonate of  lime,  by  secretions  due  to  the 
livincr  powers  of  the  worm.  \f  !^e(TeteH 
from  ail  i)art^  of  iw  smluce  calcareous 
matter  in  form  of  a  winding  tube,  shut  at 
the  tapering  extremity,  aud  open  at  the 
other  wider  end.  Now  these  are  of  course 
oooee,  whether  tiiey  be  straight  or  convo- 
luted; sometitTU  'I  tliey  are  straight,  some- 
.tittM  uuitod  together  iu  iaige  £a^3dculi, 


obviouslv  marked  and  indented,  so  as  to 
be  jointed  or  subarticulated,  so  that  we 
have  ahead)'  in  the  red-blooded  worms 
the  elements  of  all  the  parts  of  the  denser 
skeletons  which  we  meet  with  iu  the 
h  ighcr  articulata.  The  symmetry  of  form, 
the  hannony  of  arrani^emcjit,  the  uiiity 
of  plau,  in  the  whole  structure,  we  find 
thus  to  pervade  all  the  artieulatod  chsses^ 
though  they  are  here  comparatively  hut 
lUtlc  distinguishable  from  the  suiall  uuu' 
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bcr  of  parts  yet  devdoped »  and  thia  shows 
m  that  even  tbtu  lovin  the  scale  nature 

has  acted  in  the  constnictionof  these  extc 
rior  tcgumcntary  jointed  organs  of  the  sim- 
plest worms,  npon  fixed,  drrlofin,  and  imi- 
form  laws.    Tlic  skeleton  of  the  simplest 
ta:niaor  Icmaca  of  the  lowest  class,  entozoOf 
presents  in  itself  the  plan  upon  which  the 
skeletons  of  the  most  cf>inplex  insects,  or  j 
the  highest  species  of  the  Crustacea,  are ! 
constructed.    But  the  development  and 
Btnictore  of  thc?c  more  perfect  (brms  will ! 
engage  oar  attention  when  we  meet  again.  I 
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1.  On  Fioodiu jif  or  Metrorrhagia. — The 
species  of  flooding  of  which  we  are  nhoot 

to  speak,  \h  that  which  is  connected,  as 
cause  or  as  efi'cct,  with  affections  of  the 
nterus,  and  ti^ly  distinct  from  the  loss 
of  Wood  which  occurs  diuincj  ])re;^nain  y  ^\v 
labour,  and  which  coraes  more  naturally 
uadcr  the  province  of  the  aceouchenr. 

Metrorrhagia  may  attack  females  who 
still  nicnstruate,  or  those  who  have  ceased 
to  lose  any  blood  periodically ;  the  latter 
COM  te  very  common,  llins  Ave^  ton, 
fifteen  years  after  the  critical  Hge,  women 
are  seized  with  a  sudden  hemorrhage  from 
the  utenu,  and  imagine  that  their  menses 
have  returned.  We  should  avoid  cfm 
foandiog  almndattt  menstruation  with 
flooding.  The'  latter  never  hail  tint  )>e- 
riodic  regularity  wliidi  characterises  the 
menses.  Thus  heuioi  i  iiaj;e  may  appear, 
and  lost  for  fifteen  days,  more  or  less; 
then  may  disappear  Kiiontaneously,  and 
either  return  at  some  undefined  period,  or 
never.  Sometimes,  however,  it  is  con- 
nected with  the  appearance  ot  the  nieuses; 
hut  still  prevents  characters  sufficiently 
distinct  to  he  recognised.  Sometimes  the 
menses  appear  first,  stop  ofter  one  or  two 
days,  and  the  flooding  comes  on  next 
morning,  coutinues  for  ten  days,  and  then 
erases  fort«enty>fonr  hours  to  ooninience 
afresh.  At  other  titncs  ilie  flooding  is 
first  noticedi  ceases  a  liulc  before  the  com- 


mencement of  the  measei,  and  permits 
them  to  run  their  usual  ooniso. 

When  these  floodings  arc  very  copions 
and  have  lasted  for  sem«l  years,  Uiey  be- 
come as  it  were  oonstllttUoiial,  and  it  wooid 
he  im prudent  were  we  to  s  n p  |)  i  r  ?  s  t  h  r  m  s u  d  - 
dcnly.  We  would  have  to  apprehend  the 
oocurrence  ot  some  severe  anecuon  oi 
another  organ,  particularly  of  the  lungs, 
which  sympathise  so  iotiniatdy  with  the 
genital  organs. 

The  attention  of  the  practitioner  should 
he  particnl^'rly  directed  to  this  ]M)int  after 
the  cure  ot  ancieut  m&trurriiagia.  As  soon 
as  any  unfavourable  symptom  shows  Itself* 
he  should  hasten  to  relieve  the  sanptiine- 
ous  sj'stem  by  the  abstraction  of  blood, 
and  apply  a  seton  to  the  InMe  of  one 
thigh,  or  even  to  both,  if  the  symptoms  be 
intense,  in  order  to  set  up  an  irritation  in 
opposition  to  that  which  esdsta  within  the 
pelvis. 

A  young  woman,  twenty-eight  years  of 
age,  who  never  had  any  children,  was 
affected  for  twdve  years  with  flooding, 
which  came  on  regularly  before  the 
menses.  The  first  time  1  attempted  to 
arrest  this  flooding,  she  was  attacked  with 
pcritonitip  ;  oil  tbo  firff  ni<!  attempt,  in  spite 
of  preparatory  blccdingii,  she  was  seized 
witn  pneumonia;  after  a  third,  with  mc. 
ningitis :  all  these  inflamraations  yielded, 
as  by  enchantment,  to  the  application  of 
leeches  on  tiieVvlvn. 

A  woman,  living  in  the  Hue  St.  Martin, 
suffered  for  eight  years  from  a  similai' 
flooding,  brought  on  hy  an  engorgement 
of  the  utenis.  A  revulsive  bleeding  of  the 
arm  arrested  the  hcTnorrhage,  but  head- 
ach  and  varioub  other  affections  imme- 
diately sapen-enetl,  and  did  not  give  way 
before  thr-  rc-establishment  of  the  accus* 
tomed  (liriciiarge. 

A  young  female  of  the  Rue  Gaillan,  af* 
fectcd  with  pulmonary  tuhcrclcs,  ex- 
perienced from  time  to  tunc  very  almn- 
dant  flooding.  I  was  ver^  cautioos  not  to 
ii])])!  c  s  it  completely;  I  simply  moderated 
the  quantity  of  the  diiicharge,  and  as  soon 
as  any  increase  Of  pulmonary  sj'mptoms 
occurred,  I  endeavoured  to  encourage 
the  determination  of  blood  to  the  uterus. 
By  this  simple  but  rational  treatment  the 
life  of  the  young  patient  was  prolonged  for 
three  yeai*s,  during:  which  time  the  jththisis 
seemed  to  remain  stationar}  ;  I  it  »bo 
went  into  the  coiuitry,  and  hov  m  v  phy* 
sician  immediately  applied  himself  to  sup- 
press tbo  loss  of  blood,  to  which  ho  attri- 
huted  the  feeUe  health  of  the  patient ;  hi 
a  few  Tnnnths  «he  was  dead. 

Is  uterine  hemorrhage  an  essential  dis- 
ease, as  many  phj'siciaiis  still  think  ?  Fbr 
a  long  time  1  have  t  iii  rht  that  metror- 
rhagia is  to  the  uterus  wUathaimoptysisis 
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to  the  lungs;  and  as  this  latter  synrptora  applications;  the  pelvis  should  be  elevated, 
^eiy  occurs  without  orgaiiio  alteration  aiid»  finallv,  if  the  hemorrhage  be  severe, 
lof  tito  pulmoniuy  tissue,  uterine  flooding  we  mnst  have  recoune  to  plugging  the 
of  ^  ccrtam  standing  indicates  nearly  vagina,  one  of  the  moat  certain  meau 
oouitaudy  organic  change  of  the  womb,  weuossen. 

It  ii  not  meant  to  lay  this  down  as  an  ab-    TTie  discharge  of  Uood  onoe  arretted, 

solute  rule,  for  where  have  Nvc  suf  h  in  nic-  wc  apply  our  attention  to  the  disease 
dicine?  but  amongst  the  imnieme  uumbci- !  which  gave  rise  to  it,  and  il^  cure  of  the 
l^casee  which  I  hive  occeilon  to  examine, '  latter  wHl,  with  all  certainty,  prevent  the 


I  have  not  'aa  yet  met  with  a  atngle  excep- 
tion. 

The  causes  of  uterine  flooding  are  va* 
riona.  Somrtimeathey  depend  on  the  pre- 


recurrence  of  the  former.  Tlie  prim  iples 
of  treatment  are  the  same  when  the  flood- 
ing is  ancieut,  and  is,  as  it  were,  domici- 
liated in  the  constitation;  but,  in  that 


sence  of  a  polypus;  we  will  speak  of  this  case,  the  prepfiratory  measnrcs  «bould  bo 
presently ;  sometimes  on  a  slighi  or  severe  eiupluyed  for  a  longer  time  and  at  larger  in- 
inflammatiott  of  the  neck  or  body  of  the  |  terval»,inoidertnaccustorathe constitution 
utci  ii'*,  or  on  the  slight  erosions  of  tlie  gradually  to  sustain  the  suppression  of  adis- 
.parUi  which  escape  discovery  by  the  touch,  |  charge  to  which  it  has  been  so  long  habitu- 
andeanoidy  l>e  wdl  distingmthed  withjated.  We  mast  act  for  «itiro  months  on  the 
the  aid  of  the  speculum,  on  an  inflam- ;  ec  onomy,  and  employ  all  our  hygienic 
uatiou  of  the  vagina ;  or,  finally,  on  any  l  resources ;  a  regimen  sometimea  tonic 
caoseofirritation  which  esista  in  the  pelvis  I  and  subetaatlal.  aometiniefl  vegetable  and 
and  attracts  the  blood  towards  the  viscera  scanty,  according  to  the  state  of  the  pa- 
of  that  cavity.  We  can  readily  enough  tient;  emollient  or  astringent  draughts, 
repress  for  the  moment  a  uterine  flooding,  and  espcciidly,  from  time  to  time,  small 
hut  to  get  rid  of  the  complaint  radieally,  revnMve  bleedings.  By  means  of  these 
we  must  direct  our  attention  and  means  of  (general  rcmcdit-H  the  flooding  will  gradn- 
cure  against  the  original  cause  which  ally  diminish,  at  first  in  intensity,  soon 


gives  rise  to  it. 


after  in  frequency  of  oeonrrenoe^  and  we 


We  thus  see,  on  the  foregoing  principles,  ^  shall  quickly  be  able  to  attppreaa  it  oom- 


that  the  practitioner  may  have  occasion 
to  treat  three  distinct  kinds  of  cases, 
which  will  require  a  suitable  and  modified 
treatment;  either  the  chief  aflcction  is 
curable,  and  llie  discharge  may  be  stopped 
without  any  danger ;  or  the  flooding  is 
connected  with  some  severe  affection  of 
.another  viscua,  which  ita  auppression 
would  inevitably  aggravate ;  or,  finally,  it 
depends  on  some  incurable  affection  of  the 
uterus  itself.  Let  us  examiiie  successively 
these  three  cases. 

1st.  Although  the  female  may  not  pre- 
sent auy  visceral  alteration,  wo  have  seen 
.that  the  sudden  suppreaaion  of  a  me> 
trorrhagia  may  induce  many  inconve- 
niences; we  should,  therefore,  be  ex- 
tremely careful  to  prepare  the  economy 
for  the  change,  thout^h  the  flooding  he 
of  short  date*  Thus,  it  will  be  right  to 
commence  by  taking  one  or  two  palettes 
of  blood,  or  even  more,  from  the  arm. 
BASaciLLON  never  omitted  this  practice, 
even  when  the  pale  lips  and  small  pulse 
of  the  patient  indicated  an  exsanguine 
condition.  It  is  not  rare  to  see  the 
titrcngiii  increase,  instead  of  dimimbU, 
.under  the  influence  of  tlus  simple  meatis. 
The  woman  must  at  the  same  time  re- 
main perfectly  quiet,  and  she  should  drink 
Bome  mild  decoction,  or  ayrup.  The  next 
njtrninij:,  if  the  patient  have  a  little 
»trt:ugth,  we  may  renew  the  bleeduig, 
after  whkh  we  paaa  to  the  emjdoymeat 
of  loeal  meaai^  atwh  aa  coldt  or  aatringent- 


pletely  without  danger. 
Snd.  If  any  viaceni  aflhction  exiat  at 

the  same  time  aa  the  uterine  discharge, 
the  duty  of  the  physician  is  easily  tiacei^ 
and  conaista  in  moderating  its  abundance 

by  the  general  means  aheady  indicated, 
but  abstaining  scrupulously  from  any  local 
applications  which  may  suppress  it  alto- 
gether. 

.'ird,  The  last  rase  is  that,  where  the 
duodnig  18  connected  with  sunic  incurable 
diseiute  of  the  uterus.  Here  the  discharge, 
provided  it  he  not  tooahiinthiTit,  is,  in  most 
cases,  a  benefit  to  the  patient,  and  liiuii- 
niahea  tlie  uterine  engorgement,  andalle^ 
viatca  the  severe  pain  ;  on  the  contrary, 
when  suppressed  either  by  art,  or  spon- 
taneoudy,  the  paina  return  ait  once,  all  the 
symptoms  are  aggravated,  and  the  dis- 
orgauiztUioB,  whwh  waa  before  slow, 
marches  with  a  fri^tfdl  rapidity.  In 
these  cases  we  should  evidently  respect 
the  discharge,  but  in  more  rare  instances 
the  hemon  hage  causes  new  pain,  a  ])ruof 
that  it  depends  on  a  fresh  engorgement, 

h it'll  should  be  treated  by  general  reme- 
dies, and  chiefly  by  revulsive  bleeding. 
At  present  we  have  only  spokeu  of  bleed- 
ing, the  quantity  of  which,  though  some- 
times coufiderable,  is  never  sufficient  to 
threaten  the  life  of  the  patient  hnnie- 
iliately ;  hut  if  the  hemorrhage  come  on 
in  a  violent  manner,  every  after  considera- 
tion must  yidd  to  the  urgeucv  of  the  vra- 
aent  danger,  fieaiilea  revulaive  UMiniigt 
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LECTURE  Tin. 

ON  THB  OBOANS  OF  SUPPORT  OF  THE 

ARTICULATED  CLASSES  OP  ANIMALS, 
PEOVIDEIJ  WilH  ARTICULATEU  MEM- 
BERS; VIZ.  MYRIAPODA,  INSECTA, 
AnACMltilDA,  AND  CRUSTACEA. 

V«  come  now  to  consider  the  skeletons 
t>f  the  articulated  classes  of  aninaals,  those 
cspeciallyof  that  great  diviaion  of  the  ani- 
mal kingdom  which  possess  articulated 
Biembcrt.  Hiis  division  of  our  subject 
oomprehends  the  slceletona  of  those  articu- 

latcfl  atiiviials  \\  hu  h  Tnoreor  less  resemble 
the  scolopendra  and  the  various  forms  of 
*he  mynVxpocfo — the  skeletons  of  insectt,  so 
Qiunerousand  diversified  in  their  forma ;  the 
•keletons  of  the  varioii?  forms  of  Hror])ion9, 
Haiders,  and  other  aiuriiuls,  whicli  lesembie 
thera,  and  are  thence  denominated  arach- 
•w^a;  the  skeletons  also  of  the  most  ele- 
vated class  of  articul^ed  aiutnals  with 
uticolated  memhera — the  crmtacea. 

You  have  seen,  in  examining  tlie  ske- 
letous  of  the  lowest  forms  of  animals,  that  I 
luitwithttanding  the  simplicity  of  the  | 
^bole  of  their  structurr,  thry  were  yet  j 
I*^«8e3sed  of  the  power  of  separating  fi-om  ' 
we  snmmnding  elemeuls  immense  qoan-  | 
Jities  of  solid  earthy  matter  to  jjrotect  their  j 
^it's.  Wc  have  obsenred  &  traaaitioii  I 
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from  the  forms  of  animals  wliich  compose 
the  first  division  of  the  animal  kingdom  to 

tliat  Ii'iigtht  !icil  form  which  constitutes 
the  most  marked  character  of  all  the  arti- 
culated <da88es,~fitmi  the  lowest  of  the  en- 
tozoa  upwards  to  the  most  perfect  Crus- 
tacea. Tho  articulated  form  of  the  body, 
indeed,  have  seen  gradually  becoming 
more  and  more  mai'ked  as  the  skeleton 
became  developed  and  consolidateti,— from 
the  taenia  and  similar  genera  belonging  to 
the  Tery  iint  dasa  we  coiis{deied--theeno 
to7oa— to  the  most  elevated  Jforms  <tf  red- 
blooded  worms. 

The  whole  exterior  of  the  body  in  the 
classes  we  are  now  speaking  of  is  covered 
with  a  more  solid  skeleton.  It  is  an  ex- 
terior skeleton.  It  gives  attachment  to 
the  muscular  apparatus ;  it  serves  for  the 
protection  of  the  soft  parts  of  the  borb.- ;  i  t 
gives  form  to  the  body ;  it  is  consoiulatcd 
by  earthy  matter ;  it  possesses,  therefore, 
all  those  essential  characters  by  which  we 
distinguish  the  skeletons  of  the  highest 
classes  of  animals.  It  is  placed  upon  the 
surface  of  t^ii^  li-^dy ;  it  is  thrown  out,  in 
fact,  on  the  surface  of  the  true  skin  j  it  is 
placed  between  the  trae  skin  and  the 
epidermis.  It  i:^  exnviabl?,  that  is  to  sav, 
we  find  it  periodically  thrown  off  entirely 
from  the  body,  in  consequence  of  its  un- 
organised nature,  and  its  entirely  envelop- 
inq;'  the  growing:  soft  parts  enclosed  within. 

Kow  with  regard  to  the  general  com- 
position of  this  hard  matter  covering  the 
surface,  not  only  of  the  trunk  of  the  l)ody, 
but  of  all  its  appendices,  the  organs  of  the 
senses  and  those  of  mastication  and  of  pro- 
gressive motion,  we  find  here  that  there  is 
a  base  very  much  resembling  the  woody 
fibre  of  vegetables.  It  was  long  conceived 
to  be  nn.ilogous  to  horn — to  a  substance 
we  find  so  common  in  the  vertebrated 
classes  of  animals,  hut  it  is  finmd  to  be  a 
substance  possessing  peculiar  properties, 
and  closely  allied  to  the  woody  cai*bonaceous 
fibre  of  vegetables.  The  French  chemists 
have  called  it  ckilinet  and  have  found  that 
about  a  quarter  of  the  hard  skeleton  of  in- 
sects consists  of  it.  When  obtained  se- 
parate, this  chitine  is  white,  contains  no 
uitrogeoy  bums  without  meltings  and  leaves 
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an  asTi  which  pfreienres  form  of  the '  mities,  as  so  many  solid  tubes,  yet  tte 
organ.    It  dissolves  in  nilric  acid,  aided  animals  arc  not  thereby  prevented  from 

■by  heat,  without  producing  a  yellow  colour,  growing,  but  that,  by  tlirowiiig  off  these 
When  we  hoUl  the  elytra  of  a  beetle  in  the  rings,  and  tonning  a  new  la3  er  of  rings  to 
flame  of  a  cundlc,  they  bufn  with  con-  encoinpass  tbo  soft ptrts,  the  whole  strue- 
siderable  flamo,  from  the  qnantity  of  ani- '  ture  proceeds  in  growth  and  life.  Wc 
lual  matter  in  them,  but  their  form  is  not  |  find  this  to  be  the  case  in  all  the  classes 
altovd.  When  held  a  sufficient  time  in  of  these  animals.  Tbte  is  very-  different 
the  fl  i  nc  th  y  become  red-hot,  nnd  gra-lfrom  the  character  which  we  nli'^  rve  to 
dually  consume  entirely  away.  This  cAi- 1  be  so  oomraon  in  the  moUoscous  classes, 
thu  appears  to  be  a  oonstttnent  of  the  |  At  first  it  strikes  ns as  a remaricaUedilfeK^ 
skeleton  of  all  the  insects  of  Linn.evs,  or;  ence  between  the  articulated  divisions  of 
of  all  the  articulated  invertchrata  with  ar-  the  animal  kingdom  and  the  molluscous 


ticulated  members,  and  it  is  not  impro- 
hahle  that  in  the  exterior  covering  of  the 
seginpnts  ^nd  jointed  parts  in  many  of  the 
higher  aanelidcs,  where  the  density  and 
lustre  are  often  considerable,  the  same  con- 
solidatini;  material  will  be  found.  This 
substance  imparts  firmness  and  elasticity 
to  the  exterior  covering  of  articulated  ani- 

mals;  hut  to  strengthen  the  coverings  of 
the  larger  forms  of  these  animals,  there 
are  earthy  matters  deposited  in  this  su- 
perfloial  dteleton.  The  phosphate  of  lime 
in  a  common  ingredient  in  the  surface  of 
thc&c  articulated  animals.  Indeed  in  the 
class  of  insects  the  phosphate  of  Ihne  is 
found  without;  n  trace  of  the  carbonate ; 
bat  in  the  &oUd  shells,  which  you  here 
look  upon,  of  the  cmetaceons  animals, 
as  )f  these  large  cray-fishes,  lobsters,  and 
crabs,  there  is,  along  with  the  phosphate, 
a  stin  larger  proportion  of  tiie  cnlionate 
of  lime.  The  composition,  indeed,  of 
these  skeletons  of  the  cnistacca  is  more 
complex  than  would  be  implied,  niciely 
by  this  composition  of  chiiine  and  the  two 
earths  I  have  mentioned.  1  now  place 
before  you  the  analysis  of  them  as  given 
hyCMSVMUL: — 

Phosphate  of  lime    5.22 

Carbonate  of  lime   47.  26 

Phosphate  of  magnesia  and  iron  . .  1. 26 
CUoruret  of  soda  and  salts  of  soda  1. 50 
Water  and  animal  matter  44. 76 


100. 

From  this  analysis  of  Chevrkcl  of 
the  shelly  covering  of  the  Crustacea,  you 
perceive  that  thr  carbonate  is  infinitely 
greater  in  proportion  than  the  phosphate 
•f  lime.  Now  Hie  textmre  of  these  crus- 
taceonsj  skeletons  is  observed  not  to  he  of 
that  fibrous  character  which  we  see  from 
flshes  upwards  to  nmn,  hot  it  it  deposited 
on  the  surface  of  the  body  in  a  homoge- 
neous compact  layer,  varying  in  thickness 
in  the  different  order;:!,  and,  iudeed,  in 
the  ditferent  species  of  the  same  order* 

We  obsen  e  that  these  skeletons  are  ex- 
uviable ;  that,  therefore,  although  they 
cover  tiie  whole  snrlhce  of  tiie  body,  euro* 
loping  not  (mly  the  trunk  Vat  the  extra* 


classes.  The  molluscous  classes  throw 
out  also  on  the  surfiiee  of  their  bodies 
massive  skeleton?,  composed  of  the  carbo- 
nate of  lime,  between  the  epidermis  and 
the  true  skin,  like  those  before  us ;  but  in 
place  of  throwing  them  off  from  the  body 
altogether,  they  continue  to  excrete  layer 
after  layer,  nm  to  keep  the  oM  layer* 
still  in  connexion  with  the  new.  This  they 
are  enabled  to  do  from  the  open  and  flat 
or  concave  form  of  the  old  skeletons. 
They  do  not  require  to  slip  it  Oiff  altbge* 
the,  but,  from  its  open  form,  they  may 
still  keep  it  in  connexion  with  the  new 
and  more  extended  layci'S  that  ave  formedr 
within.  It  is  oTjviotis,  however,  that  this 
class  could  not  be  invested  with  skeletons 
which,  like  tubes,  dosely  envelop  th« 
whole  surface  of  the  body.  Thoi^c  must  be 
got  rid  of.  We  observe  that  they  are, 
therefor^  composed  of  nnmerous  pieces, 
which  may  be  conveniently  thrown  oiF  by 
means  of  their  joints,  or  by  breaking  them, 
from  all  parts  of  the  body,-  -from  the 
trunk,  from  the  head,  and  from  all  the 
external  organs.  The  mode  of  throwing 
off  the  large  carapax^  or  cephalo- thorax,  in 
the  cmstaceous  animals,  is  wellillitstratcd 
by  this  specimen  of  portxmus,  which  I 
picked  up  on  the  coast  of  CorawaU.  Tlie 
animal  is  in  the  act  of  escaping  backwards 
from  the  shelly  covering  —  the  carapax 
or  cephalo-thorax,— and  you  will  see  the 
great  size  of  the  fleshy  body,  which  is  half 
out  of  the  carapax,  compared  with  the 
size  of  the  shell  \\  hich  it  h  throwing  off. 
But  the  casting  of  these  coverings  of  the 
Crustacea  Itom  the  external  parts^  the 
legs,  the  maxillze,  the  palpi,  the  antennip, 
the  eyes,  the  trunk,  and  the  caudal  ap- 
liendices,  and  even  from  the  interior  of 
111'.-  stijiiiiich  itself,  is  familiar  la  from 
the  numerous  minute  accounts  which  have 
been  given  oi  this  proems,  and  we  observe 
the  same  in  all  the  stages  of  the  insect's 
metamorphoses,  aiid  in  all  the  rlssnffl  of 
articulated  animals. 

Few  parts  have  been  more  oareA^ 
studied  than  the  structure  of  these  articu- 
lated skeletons,  and  scarcely  any  exhibit 
greater  milbciDity  of  pUm  amkbl  all  tlw 
fflftdiUfatinne  of  outward ' 
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Unffiadin  the  class  of  insects,  in  which  we  on  all  the  four  surfaces  or  aspects  of  that 
iraMaUy  perceive  thirteen  rings  or  »eg-  |  single  segment.  These  donal  element! 
nenti  surrounding  the  whole  trunk  of  |  of  the  niesothoracic  segment  (S  2)  are 
the  animal,  including  the  head  (R  2,  a),  called  pra-tcuinm  (a),  gcutnm  (6),  seuM' 
the  thorax  {R  2,  A),  and  the  abdomen  {c),  post-snttellum  id).  On  the  peo- 
[R  2f  c).  These  segments  begin  by  being  tus,  or  ventral  aspect  of  the  same  sego 
equallf  d«felop«d  fimn  tiM  om  end  of  the  I  vomit,  are  eeen  four  eleiaeiita  {8  3),  Ifetee 
animal  to  the  other,  as  you  see  in  the  '  of  which  are  double;  those  in  pairs  are, 
lanra  atat«  (tf  the  insect  (H2),  and  iu  the  j  the  paraptera  {aj,  epi$t«ntuM  and 
lerva  fotai  of      teobpmtAm  {R  1)  and  |  epimera  (c),  attdttte  ilinwi  (d)  ia 


other  niyriapods.  These 
rings,  or  segments,  assume 
a  lai^r  development  in 
certain  pHcta  of  the  body, 
in  consequence  of  the  in- 
creased size  of  the  con- 
tained muscular,  nervous, 
and  other  soft  parts.  Tims 
in  the  adult  insect,  three  of 
the  aegnenti  (S  I,  b)  im- 
mediately behind  the  head, 
become  large  in  conse- 
qeenoe  (rf  tiieir  containing 
many  of  the  soft  i>arts  connected  with  the 
thfce  pairs  of  legs  and  the  wings.  This 
enlarged  part  of  the  body  is  called  its  tho- 
nXf  and  in  the  arachnJda  it  consists  cf 
fiiir  segments,  in  consequence  of  there 
>'ciiig  four  pairs  o£  legs.  But  in  the  crus- 
taceous  animate^  where  there  are  gene- 
rally five  pairs  of  legs,  you  observe  that 
this  region  of  the  body  consists  of  five  en- 
larged  segments. 

On  looking  at  the  surface  of  these  large 
pedigcrous  segments  in  the  perfect  insect, 
we  jMjrccive  numerous  lines  which  mark 
the  !iitut  >  of  the  several  element!  or  pieces 
ot  which  each  segment  is  composed.  In 
aualysiug  a  segment,  as  in  analysing  u 
vertebra,  the  BM>8t  complex  form  of  the 
part  Tnust  be  sought  for,  in  (jrder  that  we 
nay  arrive  at  the  knowledge  of  most  of 
Hi  elements.  It  is  thus  thatve  expect 
to  arrive  at  a  knowledge  of  the  cranial 
vertebne  in  their  most  complicated  form, 
ind  to  understand  the  true  nature  of  other 
vertebne  in  their  simpler  forms.  N^W  in 
naming  the  elements  of  one  of  these  seg 
loeuts  of  articulated  auiuials,  the  thoracic 
rings  of  insects  have  been  seleeted,  as 
affording  the  best  key  to  their  structure. 
As  not  only  are  these  elements  of  the 
Ngments  anchyhised  together,  but  also 
fte  segments  themselves  of  the  thorax,  to 

Sve  firmer  attachment  to  the  muscles  of 
le  wings  and  legs,  there  is  considerable 
(litHculty  ia  determining  the  precise  limits 
<ft  the  component  elements,  and  much  di- 
versity of  opinion  as  to  the  number  in  a 
■ingle  segment.  In  the  teigum  or  dorsal 


on  the  aaadiaa  pkno. 
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The  head  itself  of  insects  and  other  ar- 
ticulata  is  composed  of  many  pieces,  which 
are  either  dements  of  the  same  segment 
or  severfil  segments  compacted  together, 
as  in  the  thorax.  Carus  and  Audouin 
recognise  (»dy  three  distinct  segments  in 
the  insect's  head  {S  1,  a,  /,  p),  wbile 
Stkaus,  from  the  number  of  appendices 
developed  kk  that  region,  imagines  it  to 
be  composed  of  seven  approximated  seg- 
ments. The  chief  differences  among  ar- 
ticulated classes,  arise  from  the  modifica- 
tions of  the  segments  towards  the  ante- 
rior exti-cniity  of  the  trunk,  and  the  dif- 
ferences of  the  orders  from  the  modifica- 
tions the  appendices  developed  from 
the  sides  of  the  segments.  Tliese  appen- 
dices are  almost  entirely  in  the  form  of 
similar  feet  in  the  myriapods.  In  insects 
two  anterior  pairs  arc  iu  the  form  of  man- 
dibles and  maxillie,  and  in  the  Crustacea 
six  pairs  have  assumed  thatfonn,  which  if 
the  greatest  deviation  from  the  nnifimii 
simple  structure  of  the  annclides. 

We  are  led  then  gradually,  as  I  have 
remarked,  to  these  most  elevated  forms, 
by  considering  the  skeletxin  and  hard 
parts  of  the  annelides,  and  the  simpler 
worms.  We  already  obsorre  tiie  aeg« 
ments  becoming  developed;  those  sur- 
rounding the  trunk  of  the  body,  and  ac- 
quiring a  pretty  firm  textuTe,  to  asto  pro* 
duoe  manifest  articulations.  The  bristles 
or  appendices  developed  from  the  body  of 
the  red-blooded  worms,  though  frequently 
solid,  that  is,  without  an  internal  tubular 


surface  of  the  second  thoracic  segment  of  cavity,  are  also  often  tubular.  The  same 
the  ^mbuc  pawmia  mqjorf  four  elements  lengUwned  and  equal  form  of  the  body 
■It  ohtarved  fkced  k  m  kngitndinri  whSdi  yon  peraaive  in  the  red-Uooded 
ttte^iodkJs  aeliavoMiUB  fhAlaoor-jwat, yoaperoeive again iaihe lam c| 
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liiMela,  ttid  in  tlie  myriapods  (R).  You 
perceive  that  these  segments  in  the  myri- 
apodf  {B  I)  are  nearly  of  equal  develop- 
nMnt  innn  the  anterior  to  the  posterior 

parts,  and  that  the  developments  upon 
their  sides  are  organs  which  are  remark- 
ably similar  throughout  the  whole  length 
€t  the  body,  the  tubular*jointed  extre- 
mities, which  are  the  only  organ ^<  of  mo- 
tion. Lpoa  counting  the  number  of  seg- 
moits  which  involve  the  bodiee  of  the 
myriapods,  frequently  it  has  been  ob- 
served that  they  ai-e  multiples  of  13, 
vMch  is  the  normal  nnmher  on  tiie  body 
of  insects.  According  to  the  age,  how- 
ever, of  the  myriapod,  the  segments  vary 
in  number,  and  from  the  constancy  of  the 
forms,  as  we  ascend  tlirough  tliese  classes, 
it  is  highly  probable  that  hereafter  it  will 
be  found  that  they  present  some  regularity 
In  Uieir  nnmericel  relations.  From  these 
segments  or  rings  of  the  articulata  being 
composed  of  a  definite  number  of  ele- 
ments, oomsponding  nearly  with  those  of 
^'ertebra*,  from  their  containing,  like  the 
bones  of  vertebrata,  the  phosphate  of 
lime,  from  their  forming  a  column  of 
moveable  rings,  and  from  their  giving  at- 
tachment to  the  muscles  and  protection  to 
the  nervoua  system,  they  have  been  com- 
pared to  the  vertebral  column,  and  the 
articulated  classes  have  thus  been  thought 
to  lead  most  directly  to  the  vertebrata. 
These  nnaloglM*  however,  mote  spe- 
cious than  veal,  and  they  arc  not  accom- 
panied by  close  analogies  in  more  import- 
ant systems* 

Now  we  have  observed  that  these  parts 
envelop  the  nervous  systcTii.  This  is  an 
iuiportant  analogy.  \uu  will  observe, 
however,  that  besides  tlie  nervous  system, 
they  envelop  all  other  parts  of  the  body; 
they  envelop  the  organs  of  digestion,  of 
generation,  of  respiration,  and  the  other 
orprnn?.  This  is  whnt  you  would  expect; 
it  is  the  nature  of  the  skeletons  of  the  in- 
vertehrated  animals  to  be  disposed  thus, 
for  the  most  part  at  least,  on  the  surface 
.of  the  body,  protecting  all  the  organs. 

When  we  examine  the  disposition  of 
these  so-named  segments,  in  inaeets  for 
example,  we  observe  that  they  ai*e  conve- 
niently divided  into  three  great  groups, 
one  embracing  the  organs  belonging  to 
the  head  {S  1,  a),  another  division  pm- 
bracing  the  organs  considered  as  be- 
longing to  the  thorax  {S  1,  6),  and  an- 
other part  embracing  those  organs  which 
belong  to  the  abdomen  {S  1,  c).  These 
•egments  develop  from  their  sides  appen- 
dices ;  and  wherever  organs  that  require 
mobility  in  their  parts  are  covered  with 
a  dense  covering,  or  contain  a  solid  part 
through  their  interior,  iSttej  must  neeessft* 
vil7  be  jointed.  When  we  oome  to  «• 


amfaie  the  ▼ertebraled  dassee  of  anhnabv 

V.  C  shall  sen  that  appendices  are  developed 

£rom  the  central  column  in  the  form  (o£ 
arches ;  for  instance,  the  lower  jaw  may 

be  regarded  as  an  arch  hanging  from  the 
sides  of  one  of  the  cranial  vci'tebra'.  The 
OS  hyoides  is  another  arch  hanging  down 
from  the  temporal  bone,  part  of  the  cra- 
nial vertebrae  ;  so  we  find  with  respect  to 
the  scapular  arch  of  bones,  the  ribs,  and 
llie  pelvis;  these  are  all  appendices  at 
first  (as  in  fishes),  developed  in  the  sim- 
ple form  of  ribs  from  the  sides  of  the  ver- 
tebral otdmnn.  When  we  look  at  these 
appendices  developed  in  the  articulated 
classes  from  the  sides  of  the  column  of  s^- 
ments,  we  find  that  they  are  bent  in  such 
a  direction  downwards,  that  they  leave 
the  circulating  and  the  digestive  and  other 
abdominal  organs  in  the  upper  part,  and 
the  nervous  columns  in  the  lower  and 
most  ]irotected  part,  with  the  motor  above 
the  ganglionic  nerves ;  for  in  idl  the  arti- 
culated classes  of  animsls,  these  nervoos 
colunuis  run  in  this  relative  position  along 
the  abdominal  or  lower  surface  of  the 
body.  So  that  in  order  to  place  all  these 
systems  in  the  position  they  occupy  in 
the  vcrtebrated  animals,  we  have  only  to 
invert  the  body  in  the  manner  I  now  show 
you,  and  bend  the  legs  of  this  cray-fish,  or 
of  this  lobster,  backwards,  so  as  to  place 
the  curved  back  of  the  animals  next  the 
ground.  You  have  now,  you  perceive, 
the  motor  and  ganglionic  columns  in  their 
vertebrate  position,  running  along  the 
middle  of  the  back,  the  respiratory  organs 
hanging  down  from  the  dorsal  part,  the 
intestine  in  the  fore  part  of  the  abdomen, 
the  lieart  in  the  fore  part,  between  the 
branchiae,  as  in  fishes,  and  all  llie  parts 
which  before  Hpp'>nrf'<1  trfinejjooed  hayc 
now  assumed  the  position  they  occupy  in 
the  vertebrated  classes.  Henee  we  on- 
derstand  the  interesting  disr  overy  matlc 
some  time  ago  by  that  acute  zootomist 
H«noi:.vr,  that  in  the  aradmldn  and  ems- 
tacea,  the  yolk-bag,  or  umbilicus,  opens 
into  the  intestine  on  the  back  of  the  ani- 
mal, and  not  on  its  abdominal  aurlMWi 
as  in  the  vertebrated  classes.  If  yp'* 
place  the  lnh?^ter  in  this  jjo^ition  on 
back,  the  analogy  with  the  higher  ani- 
mals is  remarkably  when  you  examine 
the  gills,  the  heart,  and  other  thoracic 
viscera,  with  all  the  organs  ol  the  l>ody. 
It  is  partly  on  this  account  that  some 
have  fancied  an  analogy  between  these 
jfjinted  appendices,  wlik^  you  s^c  deve- 
lujjcU  from  this  inveftebnd 
organs  of  progressive  motion  in 
articulated  animals  and  the  ribs 
vertebrata.  The  use  to  whieh 
rib-Uke  appendices  is  applied,  has  s^g- 
geMdsome^  bowenrs  they  hnvo  ttoovgn> 
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that  although  tho  ribs  of  the  vertebrated 
animals  possess  luobility,  they  serve  for 
respimtlon  and  not  for  progresaiye  too* 

tion.  When  we  examine  the  motion  of 
the  ribs  of  the  serpents,  and  the  action 
which  they  hare  upon  the  abdominal 

scuta,  you  will  see  that  in  thcin  thry  arc 
not  fixed  by  a  sternal  apparatus,  but  are 
so  many  freely  moveable  feet,  like  those 
<lf  a  centipede,  and  serve  for  the  progres- 
sion of  the  serpent  in  creeping.  It  is  on 
this  account  that  in  the  serpent  they  have 
such  a  free  articala^n  at  the  exCrenaity 
of  the  short  transverse  processes  of  each 
vertebra.  Look  to  this  skeleton  of  the 
flying  dragon,  the  draco  volant,  and  you 
will  observe  that  its  ribs  are  t  xtended  out 
in  straight  lines  from  the  body,  and  have 
connected  with  them  a  fold  of  the  integu- 
ment like  a  paradiiite  ;  they  ai  e  there 
distinctly  organs  of  proirressivc  motion ; 
no  that  thin  is  nut  altogether  a  pruuf  of 
those  jointed  memben  of  articulata  not 
beinc^  analof^ons  to  the  ribs  or  primary 
arches  of  the  central  colimtu  of  vcrtebrata. 

To  save  time  and  avoid  repetitions,  as 
well  as  to  i)oint  (int  striking  analogies, 
I  tibali  take  the  whole  of  these  coudylopod 
classes  at  once.  The  trunk  of  the  insect's 
body  is  conveniently,  and,  for  the  most 
part  obviously,  divided  uito,  the  head 
(S  1,  a),  the  thorax  {S  1,  i),  and  the  ab- 
domm  {S  1,  c),  which  are  separated  from 
each  other  by  deep  indentations.  It  is 
fi  cm  the  deep  indentations  between  these 
regions,  indeed,  that  they  have  got  the 
name  insecta,  and  that  the  Greek  terms, 
entomology,  entomoloyistt  and  others,  have 
been  derived.  This  great  cephalic  seg- 
ment is  considered,  as  I  mentioned  be- 
fore, to  be  an  aggregate  of  at  least  three 
segments  (»Ss',l  aj'^  c),  which  enclose  the  first 
two  pairs  of  ganglia,  and  give  attachment 
to  the  organs  of  the  senses  and  of  man- 
ducation.  To  the  head,  then,  are  attached 
the  two  compound  eyes,  and  the  three 
simple  ocelli,  the  two  lon^^-johited  and 
variously-fonncdoA/enme or  feelers  (i$  !,</), 
the  labrum  and  labium,  or  upper  and  lower 
lip,  the  upper  pair  of  jaws  or  mandibles, 
the  lower  pair,  or  maxillcc,  the  lingua,  and 
the  palpi  of  the  jaws.  JS'ow  ahnost  all 
these  parts  arc  liable  not  only  to  change 
their  fom  in  ditferent  classes  and  orders, 
but  to  change  entirely  their  use  or  func- 
tion. 

It  is  at  the  bases  of  tliesc  antciinnc,  wliieh 
arc  four  iu  number  in  the  crustaceous 
animals,  that  we  find  the  organs  of  hear- 
ing.  You  will  observe  a  large  circular 

projectino;  a]u'rture,  covered  only  by  a 
membrane  at  the  base  of  the  large  outer 
pair  of  antennae,  in  this  cray-fish;  the  same 
in  thia  lobster;  and  the  thread  in  the  spe- 
cimen which  you  see  ber^  ^susses  throvig^ 


'these  cireular  openings,  which  arc  the 
'ears  of  these  Crustacea.  These  are  the 
{vestibules,— >tiie  only  parts  of  the  organ 
here  developed.  There  is  hero  the  sim- 
'  piest  form  of  the  ear — a  simple  vestibule* 


and  an  aperture  is  observed  on  the  outer 

surface,  covered  by  a  membrane — the  ves- 
tibular membrane,  analogous  to  the/<ene«- 
ira  ovalis  of  the  human  ear.  Here  there 
is  yet  no  osseous  substance  developed 
}  within  the  organ.  There  are  no  semi- 
circular canals  developed;  no  cochlea,  no 
I  tympanum,  no  exterior  concha,  but  tlie 
'  simple  eentral  part  of  the  ear,  and  this  is 
|it!j  position.  These  antenna:  are  jointed 
organs  of  sense,  and  on  casting  the  eye 
over  the  insects  and  figures  before  you, 
you  will  see  the  infinite  variety  presented 
by  these  organs  in  that  single  class  of  in* 
sects.  They  present  the  zoologist  with 
important,  though  most  minute,  charac- 
ters for  classing  them  into  genera  and 
other  subdivisions*  The  reasons  of  the 
peculiar  forms  of  the  antennae  in  each 
separate  species  is  £ar  from  being  yet 
known,  for  the  peonliar  function  to  be 
])erformwl  is  yet  a  matter  open  to  in(|uiry. 
There  is  no  doubt,  however,  that  each 
form,  although  so  much  diversified,  has  a 
relation  to  some  necessity  of  Ae  living 
animal.  They  are  jointed  orguis,  and  all 
those  jointed  organs  are  covered  exter- 
nally by  the  same  form  of  material  whicli 
covers  the  rest  of  the  body.  The  nume- 
rous muscles  which  ore  to  move  every 
joint  in  them,  are  placed  in  the  interior 
of  the  joints.  In  the  lower  part  of  this 
first  segment,  we  find,  in  different  classes 
of  articulata,  a  variable  number  of  maxiUse 
and  mandibles  {8  1,>^  s).  Those  maxiUtt, 
which  are  jointed  or^ns,  moving  trans- 
versely, covered  by  tiie  skeleton,  have  at« 
tached  to  them  also  jointed  organs  to 
their  outer  margins,  which  arc  orphans  of 
sense,  and  are  denominated  ^al^i.  Wo 
have  thus  six  pairs  of  organs,  which  move 
laterally,  attacliedto  the  sides  of  the  mouth 
in  the  Crustacea.  The  innermost  pair,  as 
in  insects,  are  the  massive  strong  mandi' 
bles  which  are  moved  by  veiy  pbwerful 
muscles  passing  up  to  be  inserted  into  the 
upper  and  back  part  of  the  head.  The 
neict  two  pairs  are  maxills,  and  are  more 
constant  in  their  form  and  use  than  tlie 
thiee  pairs  which  succeed.  The  outer 
three  pairs  are  the  feet^jaws,  wliich  are 
remarkably  convertible  in  their  forms, 
particularly  the  two  outer  pairs.  It  is  by 
studying  the  metamorphoses  of  all  these 
convertible  appendice^t,  developed  from 
the  sides  of  the  se^ients,  that  we  come 
to  perceive  that  the  most  dissimilar  iuruis 
of  articuhkta  consist  of  the  same  parts. 

The  romponnd  eyes  of  Crustacea  and 
insects  are,  for  the  most  part,  composed 
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dnvmerem  IHitiiiet  eyet  dosely  approxi- 
mated; sometimes  thousands  of  them  are 
grouped  together,  forming  one  large  eye ; 
but  each  of  those  minute  separate  organs 
has  its  own  interior  structure ;  it  has  its 
o\^'n  nerx'ous  expansion  and  filament,  its 
choroid,  its  lens  and  sclerotic,  but  we  shall 
examine  that  organ  liereafter. 

From  the  constancy  with  which  yon  ob- 
serve the  pairs  of  appendices  developed 
team  the  sides  of  all  the  segments  in  the 
succeeding  parts  of  the  body,  it  is  thus 
highly  probable  that  this  first  segment  is 
not  to  be  considered  as  one  simple  scg 
ment,  but  that  it  originates  from  the  coa- 
lescence and  anchylosis  of  many  elements 
and  separate  segments,  of  which  all  those 
parts  are  separate  appendices,  developed 
from  their  respective  f-ides  (S  1,  a./,  e). 

The  segments  of  the  whole  body  de- 
velop frmn  their  sides  appendices,  and 

those  a])p('n(]ic  os  vary  remarkably  in  their 
forms  iu  the  difi'erent  classes  of  articiilata. 
We  see  wlurii  is  stUl  more  remarkable,  that 
tikoae  various  and  distinct  forms  of  ap- 
pendices are  chani^eable  in  their  forn), 
and  convertible  into  each  others  that,  in 
place  of  there  being  the  same  number  of 
maxills;  throughout  the  Crustacea  which 
you  observe  in  the  lobster,  in  the  cray- 
fish, and  others,  Hiese  mazilke  diange 
their  form,  and  become  more  like  feet  - 
like  the  legs  that  are  placed  behind  them. 
They  are  ^us  oonvertiblo  into  each 
other  ill  their  Ibrm.  That  is  a  vcrj'  im- 
|»ortant  circu instance,  because  we  find 
It  not  only  enables  us  to  trace  analf^es 
ci  nature,  when  it  appears  the  most  diver- 
sified in  outward  form,  but  it  shows  a  re- 
markable constancy  preserved  in  the  num- 
ber and  relations  of  those  parts.  In  one 
of  these  articulated  animals,  these  lateral 
appendices  may  be  developed  for  the  pur- 
pose of  progressive  motion  tbrongh  the 
water,  on  the  ground,  or  through  the  air, 
as  they  may  be  developed  in  a  particular 
region  of  the  body  for  the  attachment  of 
the  ovu>,  or  for  holding  the  branchiae,  &c., 
ari^l  still  these  a])pcn(liccs  hnve  changed 
onl^  their  form,  and  not  their  nature  or 
their  relations. 

W'c  fui.l  th.it  these  appendices  around 
the  mouth  are  thus  convertible  into  va- 
rious other  ferms.  Item  this  circumstance 
it  is  further  probable  that  this  first  sei;- 
meot  is  really  composed  of  the  elements  of 
many  segments  an^ylosed  together.  This 
is  rendered  more  probable  from  observing 
that  this  anchylosis  of  segments  actually 
does  frequently  take  place;  that  in  the 
cnistaceous  animals  several  of  the  segments 
which  we  know  to  have  been  originally 
distinct  segmeats  of  the  thorax,  have 

dWmlt|^  jn.tHtpiitg  Ih^^r^flffgiii^pl 


tion,  oonafltnting,  in  fact,  the  eqtMtm 
thorax  which  you  find  in  the  cruttatM 
(r,  2),  and  here  again  in  the  aras^hifdiii, 

(r  1,  a). 


We  see  the  same  in  the  thorax  of  insects. 
The  terra  **  insecta"  is  taken  from  the 

divided  form  produced  by  the  doubling 
and  indentations  between  the  three  great 
divisions  of  the  body,  the  head,  the  thorax, 
and  the  a))domen. 

Now  the  second  region  of  the  body  of 
insects  is  composed  of  three  unequally-de« 
veloped  segments.   Those  three  segments 
j  \  S  \,  b)  give  oripin  to  different  appendices 
i  for  progressive  motion ;  but,  for  distmction 
,  s  iki',  the  first  of  the  rings  of  the  thorax 
immediately  hehintl  the  head  is  denonii- 
1  nated  jfro-t/toroXf  the  second  mew-thorax^ 
I  and  tiie  third  meio-t^nup.  These  are  the 
names  which  are  now  given  to  the  three 
segments  which  unite  to  form  the  middle 
region  of  the  body, — this  having  now  be- 
come a  study  which  is  prosecuted  with 
great  diligence  in  France,  particularly  by 
Atrnotiix,  Edwards,  .Siraus,  Dukoub, 
and  others. 

This  region  of  the  thorax  is  the  part 
which,  in  insects,  gives  attachment  to  the 
organs  of  progressive  motion,  inie  first  of 
the«e  segments  gives  attachment  to  the 
first  pair  of  legs.  Those  legs  consist,  first 
of  a  haunch,  gcnci-ajly  composed  of  two 
pieces,  then  of  a  femur,  then  of  a  tibia,  and 
last  of  the  several  joints  of  the  tarsus,  ge- 
nerally t^^nninating  by  curved  hooks,  two 
or  three  in  number.  These  are  all  the 
j)nrts,  the  organs  of  motion,  that  come 
from  the  first  segment  or  the  pro-thorax. 
The  nexts^ment  of  thethorax,  however, 

gives  origin  to  more  than  this ;  it  gives 
origin  to  the  second  pair  of  legs,  cone- 
sponding  in  parts  with  the  former  pair,  hi 
r.ddition  to  this  there  is  developed  in  insects 
from  the  upper  part  of  this  meno-thoraxox 
second  segment,  a  wing  upon  each  side. 
Thus,  then,  the  meio-thorax  differs  from 
the  pro-thorax  in  giving  attachment  to  tM*o 
kinds  of  organs  of  motion, —  two  organs 
from  each  side, — one  leg  and  one  whig. 
The  In-Jt  division  of  the  thorax  gives  at- 
tachment to  the  same  kind  of  organs  as  the 
second  segment.  l%e  HMto-Memr  gives 
attachment  to  the  third  pair  of  legS  and 
the  second  pair  of  wings. 
Now  it  would  occupy  a  great  tai  of 
and  wmU  bt  alBQil  IM|a  tolWi 
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part  of  the  oonne,  to  enter  farther  into  this 
inquiry;  but  If  everToaeametottndjen* 

tomoiogy  separately  from  the  anatomy  of 
these  animals,  you  vfiH  find  that  the  de- 
grees of  development  of  the  thoracic  seg- 
ments,  and  of  their  appendices,  k  a  key  to 
the  principal  outwartl  difFerences  among  in- 
sects. Where  in  insects,  for  example,  the 
outward  wings,  the  first  pair  which  cover 
the  soft  membranous  xsings,  arc  hnt  little 
used  in  progression,  as  in  coleopterous 
f^era,  the  nrtt  tndthird  segments  of  the 
thorax  are  large ;  it  is  foimrl  that  the  >n?#o- 
thorax  has,  however,  acquired  a  small  deve- 
lopment for  the  support  of  these  elytra.  In 
dipterous  insects,  where  the  aatenor  pair 
of  wings  have  Rlnnp  bprome  fleveloped, 
the  meHQ-ikorax  X'i  iargc  lor  their  support, 
and  for  the  muscles  which  move  them, 
and  the  other  two  tegmenta  of  the  thorax 
are  remarkably  small.  In  hemipterous  and 
ovthopfeennit  insects,  it  is  the  prihikmat 
that  is  highly  developed.  In  the  hymen- 
opterotts  insects  the  second  segment  of 
the  thoruc  is  large,  and  the  same  disprtn  I 
portioned  development  of  the  meno-t horax 
is  seen  in  the  lepidopterous  famiUes.  The 
meto-thoraje  and  the  meta-thorax  are  much 
larger  than  the  pn-4Jiome  in  the  slender- 
winged  genem  of  nenro])teron3  insects. 
Iliaa  the  development  ot  the  thoracic  seg- 
nentt  is  eanctiy  pnopoctioped  to  that  of  the 
parts  they  are  to  support,  and  to  the  im- 
portance of  these  lateral  impeodioes.  The 
comniea  fly  is  a  dipterous  iiiseot^  and  has 
only  the  tiiitci  ior  .s  ings  developed.  Ncav 
if  you  had  not  the  wings  to  examine,  but 
only  the  thorax,  and  you  desired  to  know 
whether  the  pair  of  wings  (^ere  being 
hut  one  pair)  which  the  animal  had  lost  i 
was  the  first  or  the  aceuud,  )'uu  laigiit 
judge  of  thia  even  by  the  increa&ed  size  of 
the  mesa-thorax.  And  thus  from  tlio  rr- 
latious  which  exist  between  those  parts, 
you  anight  jndge  of  parte  that  are  ahaent 
or  IfT^t  by  the  form-  of  those  that  are  pre- 
served, as  is  commonly  done  with  the 
bones  qaadnpete  whore  ^e  relatirais  of 
all  the  component  parts  have  been  more 
studied,  and  are  better  known.  The  wings 
of  insects  are  thuis  supplementary  appeu- 
dicea  of  two  segmeata  oaly  of  the  body, 
and  we  find  i?Hinmf-rHh1e  red-blooded 
worms  which  have  also  two  pau:8  of  ap- 
paadteea  developed  from  each  apgnifnat  for 
progressive  motion. 

You  will,  however,  frequently  find  that 
in  place  of  this  ohviona  divkion  bto  three 
thoracic  segments,  you  can  scarcely  trace 
the  anterior  and  the  posterior  segments. 
The  first  s^ment  of  the  thorax  is  the 
figment  generally  enumerated  as  the 
second  of  the  whole  body,  although  per- 
haps the  anterior  segment  or  the  heaid  iii 


observe  that  the  s^^ments  <^  the  thorax 
ooaleaee,  hoth  in  mieett  and  araeh«ida 

and  al3()  in  crustacea,  that  tlicy  for  m  a 
solid  mass  by  their  junction,  and  that  we 
have  a  difficulty  in  discovering  the  origi- 
nal elements  of  the  segments  or  the  seg- 
ments themselves,  for  the  aamo  vay  have 
taken  place  iu  the  head. 

Now  the  posterior  division  of  body 
comprehends  in  the  iruectt  the  remaining 
niue  segments  (SX^  ej  o(  the  whole  thir* 
teen;  these  embrace  the  organs  noat 
important  to  the  preaer  ntinn  of  the  indi- 
\idual  and  of  the  race — the  organs  of  di- 
gestion, and  the  organs  of  generation. 
Composed  originally  of  numerous  distinct 
elomentv  of  each  segment,  we  find  those 
elemciita  li  equeiitly  to  unite,excepting  that 
the  lower  and  the  upper  have  an  interstice 
between  them,  which  allows  of  consider- 
able motion  in  the  lateral  part  of  the 
abdoBMn,  linr  the  motioiia  necessary  in 
respiration.  The  respiratory  organs  of 
I  insects  are  trachea  that  ramify  through  all 
I  partsof  the  body.  They  open  on  the  sides  of 
the  segments  by  little  holeti,  which  arr  dr  - 
uomiuated  stigmata,  or  spiraculot  or  jmeu- 
mostomata,  ^«quently  we  obaerve  tbat 
even  the  abdominal  segm^ts  give  origin 
to  appendices ;  but  those  are  for  the  most 
part  extremely  small  compared  wiik  those 
developed  from  the  thoracic  aegmenti.  In 
the  m}Tiapod8  and  in  the  crustacea  the 
abdominal  segments  give  rise  to  organs 
not  only  large,  bnt  onan  highly  important 
for  progressive  motion,  or  respiration,  or 
the  attachment  of  the  ova.  We  observe 
tfaos  that  there  is  a  great  symmetry ;  that 
there  is  a  great  regularity  in  the  develop- 
I  nient  of  these  parts  throughout  the  arti- 
culated classes.  The  disparity  which  is 
at  first  apparent  in  looldng  a*  micii  • 
short-tailed  decapode  as  this  grapsus  or 
portunus,  and  such  a  long-taUed  decapode 
as  tlie  cray-fish  I  hold  in  my  hand,  can, 
in  fact,  be  traced  to  but  slight  modifica- 
tions of  the  elements  belonging  to  both. 
We  can  thus  pass  from  tlie  shnple  length- 
ened form  of  the  worm,  g^dually  upwards 
through  the  myriapods,  insects,  arachnids, 
and  macrura,  to  the  concentrated  form 
which  we  see  in  the  brachiurous  decapodea. 
This  gradation  of  forms  wc  shall  have  oc- 
casion hereafter  to  dwell  upon,  in  speaking 
of  another  aulgect^~the  metamoipfaoiea  of 
the  nervous  system. 

In  tracing  the  metamorphosis  the  nerv- 
ous system  vndergoes  in  insects  in  passing 
from  the  simple  condition  of  worms  and 
maggots  upwards  almost  to  the  short* 
taiied  crustaceous  animals,  beginning 
with  the  thii  teen  ])air8  of  ganglia,  nearly 
alike,  with  the  body  externally  soft,  an;! 
the  s^^ments  equally  developed,  we  find 

|b|Kt  titorf  ii  gtwinuy  introdnaed  an  in>t 


Digitized  by  Google 


400       PBOFE880B  6BAKT  ON  THB  ORGANS  OF  SUmner  IK* 


equality  in  the  segments  which  aifects  skeleton  of  those  articulated  clat^scs  of  ani- 
both  Uie  ganp:1  ionic  and  motor  nerves,  a  mals,  ^fh  articiilated  members*  The 
concentratiou  in  the  developmtnt  towards  i  shelly  coverings  are  formed  betw  een  the 
the  region  of  the  thorax,  from  which  the  i  epidermis  and  the  true  skin ;  they  are 
organs  of  progresdve  notion  are  to  be  exuviable  in  all  tbe  Glasses.  Now  yon  will 
developed.    This  drawing  together  and  obsen  e,  that  the  colouring  matter  is  dis» 


uniting  we  observe  not  only  in  the  s«g< 
ments  and  in  the  two  longitudinal  systems 

of  nerves,  but  also  in  the  vascular  system ; 
for  the  dorsal  ves«ol,  like  the  integument, 
is  at  first  aiuiost  smooth  and  without  cou- 
•trictions  or  internal  folds,  which,  in  the 


posed  only  on  the  surface  of  these  shells, 
that  the  interior  is  a  homogeneous  com- 
pact texture  of  a  white  colour  in  the  crus* 

taccnns  animal'^.  The  colnnring  matter, 
therefore,  is  th-j  first-lormcd  part  beneath 
the  epidermis.   When  the  old  shell  has 


contracted  adult  state,  sen'e  as  valves, ;  been  remored  in  detached  picrns  from  the 
especially  on  the  ventral  or  concave  side  |  body,  and  the  animal  has  escaped  with  its 


of  the  curved  dorsal  vessd. 

The  forms  which  the  appendices  of  the 
segments  assume  in  the  various  kinds  of 
articulated  animals,  correspond  with  tiieir 
living  habits  and  necessities,  whether  for 
an  aerial,  a  terrestrial,  or  an  aquatic  life. 
In  the  spider  wc  find  the  appendices  at  the 
side  of  the  mouth,  in  the  form  of  tabular 
poisonous  fangs,  which  contain  a  poison 
gland  in  their  proxanal  division,  and  by 
being  dense,  closed  at  th^  extremity, 
]>erforated  at  a  short  distance  from  the 
extremity,  they  closely  memble  the  poi- 
eonone  mngs  of  a  serpent.  We  find  the 
caudal  segment  of  the  scorpion  to  he  in 
the  form  uf  a  poison-fang  with  two  small 
ducts,  proceeding;  one  from  each  side  of 
the  solid  piercing  point.  The  same  ter- 
minal ring  In  insects  is  also  frequently 
converted  .into  a  sling.  The  abdominal 
segments  in  most  of  the  larger  cmsfeacea, 
develop  false  feet  on  their  imder  snrfrtre 
for  the  attachment  of  the  ova,  and  in  most 
of  the  minuter  species  of  that  class  the 
branchiio  are  attached  to  these  segments. 
This  is  the  position  of  the  respiratory  or- 
gans in  most  of  the  entomostracous  crus* 
tacea  whose  minute  forms  are  spread  so 
abundantly  through  all  the  fresh  n\  atcrs  of 
continents,  and  through  the  water*}  of  the 
ocean.  In  many  of  the  lai^  deca]iods 
the  caudal  segments  give  attachment  to 
expanded  appendices,  which  servo  for 
vwtmniing,  or  to  protect  the  soft  parts,  or 
to  cover  the  hatching:  ova.  In  the  arach- 
nida  the  abdominal  riugti  are  often  so  soft 
that  th^  w  almost  imperceptible  on  the 
smooth  skin,  as  you  ]>erceivc  on  the 
rounded  abdomen  (Tl,  I)  of  these  spider?. 
And  in  tlie  myriapods  almoit  all  the  ap- 
pendices, from  the  first  pair  of  the  head 
{R  1,  a)  to  the  last  of  the  tail,  have  as- 
sumed the  same  form,  producing  this 
lengthened,  pedigerous,  creeping,  worm- 
like  scolopendra.  The  simple  foi-m  of  the 
myriapods  leads  us  back  to  the  annelides, 
and  to  the  sfanplest  wormi^  where  only 
the  trunk  of  the  insect  ia  develoiied,  u  in 
the  larva.  [li,  2.) 

Such  are  the  principal  modiQcatiuns  w  c 


cAierre  in  the  ftnicture  and  IbnBS  olllie^peifodioaijr»  bat  the^tloM  ytOnmuk^ 


{soft,  newly^fonned  epidermis,  it  secretes 

between  the  epidermis  and  true  skin  a 
copious  deposition  of  the  colouring  matter, 
of  a  blood-red  colour.  The  next  process 
is  the  consolidation  of  this  exterior  inte- 
gument ;  it  secretes  the  earthy  matters, 
the  carbonate  of  lime,  the  phosphatt;  of 
lime,  and/the  other  materials  I  have  id- 
ready  mentioned,  on  the  surface  of  the 
true  skin ;  conseqtiently  the  earthy  mate* 
rials  are  within  the  layer  of  the  colour- 
ing matter  and  of  the  epidermis.  These 
thin  layera  of  calcareous  matter  are  de> 
posited  in  snocession,  deiKieition  after  de* 
pohition,  until  the  animal  has  formedj  for 
itself  an  entire  solid  jointed  sheath,  cover- 
ing the  whole  exterior  of  its  body  and  ap- 
pendices, and  corresponding  with  the 
increased  magnitude  which  it  has  aiSinned 
at  each  fresh  casting  of  the  shell. 

This  continues,  then,  in  connexion  wttfar 
the  true  skin,  and  thereby  in  connexion 
with  the  muscles,  over  ail  parts  of  the 
body  far  a  limited  time.  The  growth  of 
the  body,  however,  soon  cmnes  to  render 
it  in(X)n\-enient  to  be  enclosed  within  the 
old  unorganised  shell ;  the  vessels  become 
pressed  upon,  the  circulation  retarded, 
the  general  functions  are  impeded,  and  a 
new  epidermis  is  thrown  out  upon  the 
SUlfiM;e  of  the  true  skin.  You  perceive 
then,  with  relation  to  the  old  shell,  that 
it  is  within  the  white  solid  inner  sur- 
face of  the  shell  which  is  to  be  cast  It 
gradually  loosens  the  shell  from  its  con- 
nexion with  the  body,  and  thereby  renders 
it  more  brittle ;  anil,  as  the  joints  of  the 
shell  are  only  connected  together  by  their 
gynglimoid  articulations,  and  by  an  un- 
cousoliduted  part  of  the  integument  which 
forms  the  lii^mentous  junction  of  all  the 
pieces  and  segments  in  the  articulate<l 
animals,  they  soon  become  detached  and 
decomposed,  and,  thus  separating,  they 
are  easily  broken  to  pieces,  or  fall  off  from 
the  soft  parts  they  enclosed.  'J'he  large 
portion  which  eovers  so  many  imi>ortaiit 
parts — the  cephalo-thorax — is  cast  off  in 
one  mass  frf>m  behind  forwards.  Thit 
process  oi  casting  the  sheU  takes  place 
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male. 

We  flud  that  in  insects  the  same  chaxaC' 
tcr  is  obsex-ved  of  throwing  off  their  eJtte- 
rior  covering;  that  even  while  they  have 
the  form  of  a  worm,  while  in  their  larva 
condition,  they  continue  to  throw  off  re- 
peatedly the  whole  of  their  exterior  co- 
voring.  They  do  it  generally  nt  least  five 
tiuies  during  the  larv'a  state,  which  con- 
stitutes four  important  changes  of  tbe  in- 
sect. It  is  advaiuiiig  duvinj^  those  four 
changes  in  its  internal  parts  more  and 
more  ne^irly  to  the  perfect  insect.  It 
changes  from  the  fifth  and  sometimes 
from  the  sixth  condition  to  the  chrysalis, 
and  from  the  chrysalis  it  changes  to  the 
perfect  insect*  thus  constltoting  six  or 
seven  cbsngM. 

When  you  examine  the  exuvia  that  have 
been  cast  off,  you  will  perceive  that  the 
covering  integument  is  thrown  off  from 
the  jaws  and  from  all  the  other  appcn- 
(Ucen.  I  might  easily  trace  an  analogy 
between  the  exnviable  parts  of  articu- 
lated animals,  and  the  lay(  t>  <>r  tlio  shells 
of  the  molluscous  classet.  of  animals,  to 
show  you,  that  although  the  tubular  parts 
of  tbeftTliculata  are  entirely  detadicd  and 
c«!?t  away  from  the  body,  there  is  a  cor- 
respoiuieiice  between  them  and  tlic  lay- 
ers which  are  successively  disposed  on 
the  mollii:^cous  animals,  with  this  differ- 
ence, that  the  molluscous  animals  keep 
ooDStaatly  the  old  byers  or  shells  in  con- 
nexion with  the  new,  which  rtii;lf!  not  he 
the  case  in  the  articulated  animals,  where 
the  whole  body  is  surromided,  as  well  as 
all  the  appendices,  with  rings  which 
would  completely  prevent  c^rowth  if  they 
were  retained.  But  this  can  be  traced  as 
higb  as  man  himself.  Nothing  is  more 
coininon  thnn  to  find  those  exuviable  parts 
cast  off  in  littlies.  You  cannot  coo^e  an 
amphibious  animal,— the  common  frog  or 
salamander,  for  instance,— for  any  lengtli 
of  time,  without  obtaining  its  thin  cast 
epidermis.  Yon  find  tiiat  you  have  ob- 
tained a  delicate  pulpy  film  at  the  bottom 
of  the  water  in  which  tlie  animal  has  been 
kept,  which  has  the  CAaci  form  of  the 
body,  or  of  tbe  arm,  or  of  the  leg,  thrown 
off  as  an  epidermic  covering.  We  sec  it 
thrown  off'  the  surtace  of  the  body  of  the 
serpent^  fiom  the  very  eye  itself,— 
that,  in  fact,  that  animal  creeps  out  of  its 
covering  through  a  rent  wliich  generally 
takes  pTaoe  m  the  neck.  The  same  cast- 
ing of  the  epidermis  occurs  in  the  saurian 
reptiles,  and  new  layers  are  successively 
added  to  the  horny  platcij  of  the  chelouiau 
reptiles.  We  sec  the  ^nmc  phenomenon 
in  the  moulting  of  birds,  and  in  the  cast- 
iog  of  the  fleece  of  <4iudruf)eds.  AU  these 


are  hut  analogous  esnvfa  from  Ihe  nirfiwe 

of  the  body. 

An  acquaiivtance  with  thi  iorms  of  the 
recent  articulata  is  tiie  best  key  to  the 
deciphering  of  the  remains  of  the  extinct. 
From  the  thinness  of  the  shells  of  articu- 
lated animals,  and  tbe  mode  of  union  of 
the  nnmerouF  jmc  t^  *  y  means  of  an  un- 
calcided  or  unconsolidated  portion  of  the 
general  integument,  they  are  Ihtble  after 
death,  or  <hn  ing  the  casting  of  the  shells, 
to  be  broken  and  detached  from  each 
other;  that  therefore,  in  a  fossil  state, 
yott  obtain  the  different  parts  of  the  body 
often  mnch  mutilated  by  pressure,  and 
separated  front  each  other.  But  Ironi 
knowing  the  points  which  chieiy  charac* 
terise  these  Hns-  nvitl  the  form  assumed 
by  those  parts  that  are  most  valuaUe  as 
affording  distinctive  characters,  or  even 
li\  (be  nature  of  the  consolidatine;  sub- 
stance and  general  outline  of  the  skeleton, 
you  have  a  key  not  only  to  the  classes, 
>)ut  to  the  particular  orders  of  the  fos« 
sil  species.  Then  arrivini?  at  a  know- 
ledge of  the  i)art3  of  the  skeleton  that  are 
still  more  cliaracteristic  of  the  snbordi" 
nate  divisions  of  the  clanses  and  orders, 
as  of  the  cepbalo-thorax,  the  jaws,  tbe 
feet^  tbe  antennm,  tbe  wings,  you  get  at  a 
nearer  approach  to  the  genera  and  spe- 
cies ;  and  thus  we  have  arrived  at  a  know 
ledge  of  many  curious  animals  belonging 
to  the  Crustacea,  and  other  articulated 
clasceo,  which  uo  longer  e.\ist  on  the  face 

of  the  eai'th. 
In  the  cmstaceous  animals  which  are 

hefore  you,  as  in  the  limidns,  yon  will  ob- 
serve that  the  cephalo-thorax,  the  ante- 
rior solid  portion,  is  so  enormously  de- 
veloped, that  it  covers  all  the  organs  of 
progressive  motion,  and  the  respiratory 
lamiiue  ])laced  beneath  it.  It,  in  fiict,  is 
like  a  large  shell  of  the  molluscous  ani- 
mals covering  all  the  soft  parts.  Were 
this  limulus  fossilised  and  imbedded  in  sonic 
hard  rock,  you  would  have  the  greatest 
ditficultv  i!i  chiselling:  out  the  rock  from 
the  lower  j)art  of  the  body,  so  as  to  bring 
these  small  branchiae  and  feet  and  jaws 
henc  atli  into  view,  fur  as  you  chiselled  out 
the  rock  you  would  break  away  these 
small  parts,  and  you  would  come  to  tbe 
inner  surface  of  the  ahi-thorax,  or  the 
post  abdomen.  The  trilobites,  which  so 
much  characterise  the  oldest  transition 
limestones,  were  crustaceousanimalsclose- 
ly  allied  to  this  entomostracon^t  cmstace- 
ous animal,  the  limulus.  Tiiey  had  a 
widely-extended  but  short  cephalo-thonuct 
in  which  the  eyes  were  placed,  and  nume- 
rous transverse  segments  behind  it,  asyou 
see  on  the  surface  of  these  trilobites.  T%ey 
are  named  trilobites  from  this  great  alvi- 
tlu>rax  having  aa  appeaiance  (tf  a  loogi* 
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tndinal  subdivision  into  three  lobes,  und 
several  genera  have  been  ettabUshed  of 
these  awBient  crustaceous  inhabitants  of 

our  seas,  which  so  much  resemble  chitons. 

Is  umerous  interesting  iorras  of  cnista- 
ceous  animals  present  themselves  in  the 
London  clay,  and  in  most  marine  and 
even  fresh-water  formations,  but  gene 
rally  nrach  Inraken  end  compressed.  Arecih* 

nirl.i,  n.yriapoda,  and  insects  without  num* 
ber,  occur  in  bituminised  vegetable  resins 
or  ambers  of  all  geological  epochs,  in  the 
more  recent  tertiary  calcareous  slates, 
and  in  gypsum  and  other  deposits.  In- 
sects are  found  in  the  brown  coal,  and  in 
the  bituminous  marl  slate,  and  also  en- 
tangled in  the  hard  stalactites  of  chalce- 
dony. The  deciphering  of  these  extinct 
forms  of  articulated  animals,  and  the 
identifying  of  their  species,  are  often  im- 
portant in  geolo^cal  inquiries,  and  re- 
quire en  aoqoaintanoe  with  the  exbting 
forms,  and  with  the  general  phina  of 
formation,  which  characterise  the  various 
groups.  The  accordance  of  these  extinct 
forms  of  all  epochs  with  the  existing  ar- 
ticulata,  and  the  narrow  lir^iits  of  their 
variations,  show  not  only  that  there  is  a 
remarkable  unity  of  plan  in  this  immense 
division  of  the  animal  kingdom,  but  that 
the  same  plan  has  been  preserved  from 
<3ie  beginning— tiiat  tiiere  is  «a  nmcfa  sys- 
tem and  regularity  r-Ti  l  !].irrnony  in  the 
laws  which  regulate  the  formation  of  these 
beings,  end  ot  the  whole  organic  world, 
es  are  manifested  in  the  rest  of  nature. 

To-morrow  I  shall  proceed  to  the  slcde- 
ton  of  the  molluscous  classes. 
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VERMINA.TION. 

In  the  autumn  of  1830  my  attention  was 
first  particularly  drawn  to  the  subject  of 
this  paper  from  the  following  circum- 
Btaucc.  I  had  been  attending,  for  souic 
days,  a  child,  five  years  of  age,  labouring 
under  convulsions  of  a  very  severe  cha- 
racter, which  had  not  appeared  to  give 
way  in  the  least  to  the  use  of  leeches,  ve- 
sicatories,  cold  application?,  aptrieuts,  and 
subsequently,  antispasmodics  and  the 
wsnn-bath;  when,  one  evening  after  a 
lengthened  attack,  threatening  dSssoltttion, 
a  worm,  of  the  lumhricus  tcron  spo'  if^, 
was  expelled,  the  exhausted  child  bank  into 
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a  prolonged  slumber,  and  had  aftervkanls 
no  return  of  the  convulsions.  The  case 
attracted  my  especial  notice  on  two  ac- 
counts. The  child  was  a  firm  -fleshed  little 
fellow,  with  a  countenance  anything  but 
verrainattve,  and  the  mostcar^l  exami- 
nation of  the  subsequent  evacnatious  did 
not  lead  to  the  detection  of  any  more 
worms,  although  appropriate  medicinet 
were  pcrsc\-ei  crJ  in  for  some  time. 

Vermination  appears  to  have  formed  a 
favourite  subject  of  speculation  with  the 
profession  at  all  periods,  for  not  merely 
have  we  on  record,  respecting  it,  the  re- 
searches of  Baglivi,  Liunajus,  Redi,  Huis- 
ter,  Rudolphi,  Butter,  Lister,  Black,  Home, 
Simmons,  Bretnser,  Schmucker,  Hooper, 
Rush,  Rhind,  and  a  host  of  modern  au- 
thors, but  also  the  earlier  views  of  Galra, 
Celsus,  Avicenna,  Pliny,  and  Hippocrates?. 

In  the  succeeding  cursory  remarks,  I 
purpose,  chiefly,  considering  the  disease  as 
it  is  observed  in  early  life. 

Young  children  are  subject  to  three 
kinds  of  worms,  theascarides  or  small  seat* 
worm,  the  cueorbitina  or  flat  short  worm; 
and  the  Itimbricus  tere<'  or  round  worm. 
The  fourth  variety  of  human  worm,  the 
taeide  or  tape-worm,  I  have  in  my 
own  experience  never  known  to  be 
expelled  by  a  young  child,  which,  con- 
sidering how  nneh  infested  young  per* 
sons  are  with  worms,  is  somewhat  sin- 
gular ;  and  not  the  less  so,  as  1  have  been 
told  by  practithmere  of  undoubted  oredt* 
bility  that  they  have  had  several  such  cases. 
However,  the  records  of  medicine  and 
personal  observation  dis]>ose  me  to  tbinlc 
the  presence  of  t«nta  in  the  bow^  of  tiM 
young  a  rare  di«ieAse,  and  I  feel  strength- 
ened in  this  opmion  by  a  late  declaration 
of  Dr.  Eiliotson  (made  at  St.  Tbones^ 
Hospital),  that  he  does  not  recollect  ever 
having  witnessed  a  single  instance  of 
it.  In  Oermany  and  Swltterlaad  I  wn 
aware  this  form  of  the  fliiOMi  does  fre* 
quently  aftect  the  young. 

The  came  of  vermination  reniahtS  hi 
utter  ohsonrity.  At  one  time  it  was  said 
to  be  a  weakened  condition  of  the  ali- 
mentary canal,  overlooking  the  fact,  that 
this  local  debility  is  sometimes  more  an 
effect  than  a  cause  of  the  presence  of  thcao 
parasitic  animals,  it  was  supposed  by 
some  writers  that  worsw  are  engendered 
by  theii  n\  a  lu  ing  swiillowcd  amongst  our 
food ;  luit  to  thi<i  specious  explanation  it 
was  objected,  that  the  alimentary  eaoel  of 
animals  is  the  on/y  place  in  which  certaiw 
worms  are  ever  found,  which,  of  cottW^ 
would  not  be  if  the  ova  were  imporsefl 
from  without.  Again,  other  pathologist' 

'Dr.  Darwin  amont^mt  the  nuTTiber)  have 
advocated  the  doctrine  of  woruia  beii^ 
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LECTCmE  IX. 

ON   THB   ORGANS  OF  SOPPOHT  OF 

THE  TUNICATED  AND  CONCHIFERODS 
CLASSES  OF  MOLLUSCOUS  ANIMALS. 

The  most  curious  and  interesting  circum- 
atance  regarding  tlie  skeletons  of  that 
great  division  of  the  animal  kingdom  which 
comprehends   fill  the  lyiuUvscous  classes, 
in  the  want  ot  tliat  earth  which  we  have 
•ecu  in  the  lowest  corals,  through  all  the 
previoxis  classes  we  have  considered,  and 
which  we  again  meet  with  irom  the  lowest 
of  the  GartUaginoas  fishes  through  the  va- 1 
rious  vertebrafa  upwards  to  man  himself —  [ 
the  phosphate  of  lime.   The  phosphate  of  | 
lime,  even  in  the  soft  cartilaginous  dorsal 
laniitue  which  are  met  with  in  the  cc- 
phalopods,  cn>i?iot  he  detected.    This  is 
the  more  remarkable,  not  only  on  account 
of  that  earth  being  found  so  abundantly  in 
almost  every  form  of  the  skeleton  we 
have  yet  considered  where  there  was 
earthy  matter,  but  becaose  it  was  some- 
times the  only  earthy  niattor  that  conso- 
lidated the  skeleton.   That  is  the  case  in 
the  insects  where  the  cAtCme  is  consoli- 
dated by  the  dense  material — the  phosphate  \ 
of  lime — without  any  of  the  softe  r  car-  | 
bonatc.   But  it     remai  kabiu  in  another  \ 
point  of  view,  which  i^  that  we  areap-  l 
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proaching  to  those  vertebrated  forms  of  the 
skeleton,  where  the  phosphate  of  lime  be« 

comes  by  far  the  prejjonderating  material, 
the  carbonate  of  Ume  scarcely  being  there 
traceable.  The  sfceletonof  these  molluscous 
classes  is  very  uniform  in  its  onnposition, 
and  remarkable  for  the  sameness  of  itti 
intimate  structure  throughout  the  classes 
in  which  it  presents  itself  in  this  great 
division  of  the  animal  kingdom.  Wo 
shall  see  here  many  examples,  and  there 
are  many  more  examples  in  the  other 
classes,  of  what  \ve  have  seen  already, 
particularly  among  zoophytes  and  worms, 
I.  e.  of  animals  possessin  g  the  same  internal 
organization,  and  yet  one  species  possess- 
ing a  heavy  massive  skeleton  cojmcctej 
with  \U  muscular  appaiatuis,  whilst  an- 
other 8])ecies  similarly  organised,  is  en- 
tirely destitute  of  an  external  or  internal 
solid  skeleton,  which  shows  how  little  re* 
lation  there  is  hetween'the  condition  d^the 
organs  of  support  and  the  general  com- 
plexity of  the  internal  organization  of 
animds.    We  saw  yesterday  that  the 
dense  phosphate  of  lime  is  best  adapted 
for  the  thin  and  temporary  coverings  of  the 
quick-moving  articulata.    The  carbonate 
forms  a  tougher  material  for  the  massive 
rocky  skeletons  of  the  slow  and  inert  mol- 
lusca,  which  accumulate  on  their  surface 
all  the  successive  layers  of  their  calcareoua 
deposits,  and  retain  them  as  a  strong  and 
permanent  shield.   These  massive  cover- 
ings are,  consequently,  much  less  sub- 
divided, and  much  simpler  in  their  forms, 
than  the  jointed  skeletons  of  the  former 
classes. 

The  lowest  and  simplest  of  these  mol- 
luscous classes  is  that  of  the  naked  ace- 
phalous inoliuaca  of  Cuvieu,  or  tlic  tuui- 
catcd  animals  of  Lamarck,  which  are 
covered  with  a  tough,  elastic,  and  closed 
tunic  in  place  of  the  two  open  calcareous 
valves  of  the  conchifera.  This  external 
tunic  which  envelo])s  the  muscular  fihrous 
mantle,  the  respiratory  sac,  and  all  the 
digestive,  circulating,  and  generative  or- 
gans of  these  soft  animals,  is  \  cry  A  ari- 
able  in  coiisistence,  colour,  m\{\  form. 
Sometimeii  it  is  soft,  green,  and  transpa- 
rent^ when  th«  snimal^  aggregated  toge* 
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ther,  very  much  resemble  dusters  of  green  mores  the  exterior  tniiic»  so  fhat  wben 

grapes.    Sometimes  the  tunic  is  deep  ret!,  they  arc  irritated,  they  act  with  such 

or  dark  brown,  and  opaque.  It  is  generally  force  ou  the  exterior  tough  cartilaginous 

pellucid,  homogeneons,  of  a  cartilaginous  tunic,  as  to  propel  to  a  distance  thewator 

texture,  not  C'.\]iil)iting  a  fibrous  structure,  wliicb  filled  their  branL-biul  eavity.  The 

and  not  possessing  any  earthy  matter  iu  elasticity  of  this  tunic  assists  the  vibratile 


its  composition,  and  having  a  respirator)' 
and  an  anal  aperture.   These  tunicatcd 


cilia  in  distending  the  respiratory  sac 
with  water,  like  the  elastic  ligament  of  a 


animals, — notwithstaridincj  tliey  are  thus  bivalve;  but  the  respiration  in  neither 
entirely  covered  externally  with  a  tunic  case  is  effected  by  dilatations  and  cou- 
posscssing  two  apertures  similar  to  those  ti-actions  of  the  whole  mantle.  This 
we  find  so  generally  in  tiie  bivalved  mol-  clan  lie-  uncalcified  covering  is  thus  analo- 
lusca — we  fkequently  observe  covered  ex-  ^  go  us  both  to  the  shells  and  ligaoicuts  of 
temally  with  adventitious  solid  earthy ,  the  conchifera.  It  forms  a  sa<^  as  you 
matter.  But  these  external  agglutinated  observe,  in  this  cynthia  papillata  (U  1), 
pai'ticlcs  (as  the  tube-likc  substances  com-  with  a  respiratoi'y  and  an  anal  aperture, 
posed  of  fragments),  so  common  among  the  former  of  which  {Ul,a)  admits  the 
woniis,  are  not  due  to  the  vital  powers  of  water  and  food  to  the  branchial  sac,  at 


the  animal,  bnt  are  extraneous  bodies, 
sometimes  ])artie]cs  of  gravel,  of  shell,  and 
even  of  nuid,  which,  in  the  soft  condition, 
or  by  minute  orifices  of  this  exterioi'  tunic, 


the  bottom  of  which  is  the  mouth ;  the 
other  aperture  {U  1,  b)  gives  egress  to 
the  continuous  smooth  respiratory  cur> 
rent,  and  to  the  contents  of  the  intes* 


are  made  to  attach  themselves  to  the  sur-  tine  and  the  ovaries.  The  stomach  {UlfC) 
fooe.  Thus  we  find  many  of  these  tunic- 1  you  will  observe  surrounded  fay  the  lobes 

ated  animals  enveloped,  as  it  were,  iua  'of  the  liver  (TT  1,  and  near  to  the 
ball  of  sand;  and,  indeed,  without  tear- 1  liver  are  the  ovaries  l,/"}.  The  bran- 
ing  the  capsular  integument,  which  is  the '  chial  veins  transmit  the  arterielised  blood 

analogue  of  the  shells  of  bivalria, — we  to  a  Blightly-diluted  pulsating  heart,  and 
could  not  detach  from  the  slceletou  those  the  aorta  runs  along  the  outer  con%'ex  side 
particles  of  shells  or  sand.  !  of  the  intestine,  as  in  the  inhabitants  of 

Some  of  1  11  L  i  scidkt,  such  as  I  hold  bivalve  shells.  This  structure,  which  ia 
in  my  haiul,  have  little  processes  from  the  jjretty  uniform  in  the  simple  isolated  forms 
external  tuuic,  which  pass  down  aud  arc  ■  uf  tuuicata,  is  variously  modified  in  those 


attached  to  the  rock  upon  which  the  ani- 
mal adheres,  for  the  tunicated  class  arc  all 
mai'inc  animals,  and  generally  adhere  to 
roclcs.  These  appendices  lirequently  are 
found  eAteuded  to  a  considerable  length, 
like  roots,  from  the  general  surface  of  this 
cartilaginous  tunic,  and  have  attached  to 
them  loose  portions  of  shell  or  gravel. 

This  form  of  external  tunic  is,  as  I  have 
said,  the  analogue  of  the  shells  of  the  bi- 
valves, only  deprived  of  their  calcareous 
matter.  We  find  within  this  exterior  tu- 
nic a  muscular  tunic.  That  muscular 
covering  is  analogous  to  the  mantle,  as 
it  is  caUed,  of  the  higher  clashes  of  the 
molluscous  animals.  It  is  connected  with 
various  parts  of  the  tunic,  but  especially 
around  its  two  orifices ;  so  that  when 
these  animals  distend  themselves  with 
water  for  respiration,  they  can  contract 
their  whole  body  and  empty  their  sac. 
We  shall  see,  in  speaking  of  their  other 
systems,  that  they  possess  a  complex 
structure^— that  they  have  a  complex  di- 
gestive and  {generative  system, — that  they 


remarkable  compound  foi-ms  we  find  in 
the  lowest  animals  of  this  class. 

This  beautiful  luminous 
animal,  thejtiyrorama,form* 

ed  like  a  hollow  pillar, open 
below  [U  2,  b),  and  shut 
above  {U  2,  a),  is  one  pos- 
sessing this  compound 
structure,  and  familiar  to 
all  those  wlio  have  passed 
the  tropics,  because  there, 
in  the  darkness  of  the 
night,  and  when  the  ocean 
is  tranquil,  with  not  « 
rij)plc  to  disturb  its  sur- 
face,  it  is  found  illuminated 
by  myriads  of  these  Httto 
animals,  which,  like  j)illars 
of  fire,  arc  floating  through 


the  dark  abyss,  without 
apparently  moving  aaj 
portion  of  their  body.  This  motion  18 
effected  by  the  act  of  respiration  of  all  the 
little  separate  animals  {1/2,  e,  e)  that 
coinposc  one  of  these  tubes.  Each  of  these 


have  a  complicated  nervous  system,  with  separate  little  animals,  which  are  here  in 
ganglia  and  organs  for  cinnilation,-— I  inyriads,  organ icafly  connected,  and  ftarni** 
that  they  have  glandular  organs  to  assist  i^g  by  their  union  a  tube,  shut  above,  and 
in  digestion, — that  they  have  a  stomach  open  bt  low,  is  covered  with  a  tissue  ex- 
and  intestine  enveloped  in  this  apparently  I  tcmall)  ,  like  that  of  the  cyn/Aw  orasddia; 
homogeneous  texture.  This  nmscularpat  t  {,ut  here,  as  in  most  of  the  compound  ani- 
hM  a  oonnexioDf  tbeot  which  powerfully  ^  uai^  the  tuuic  of  each  is  soft»  transparent 
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almosi  membcanous.  The  p)T08a[aa  draws 
in  watsrti^  these  projecting papilltt,  oover- 

ini?  the  whole  surface  in  the  specimens  be- 
fore you,  and  it  passes  the  water  into  the 
tabular  column  by  the  anal  orifices  which 
open  into  that  general  canal,  and  so  raises 
its  body  up  to  swim  through  the  still  deep, 
like  a  pillar  ot  lire,  all  the  little  component 
animals  shining  with  a  brilliant  phospho- 
rescent light,  like  the  polypi  of  a  pennrr- 
ttUa.  Sometutnes  the  cartilaginous  tunic 
«xtendfl  like  a  long  peduncle,  at  in  fto/- 
tenia  and  ctereWma,  serving  to  connr  rt  the 
ammal  to  the  rockt  or  ■hells  or  plants  at 
the  bottom  of  the  sea,  for  the  greater  num- 
ber of  them,  both  of  the  simple  and  com- 
pound kinds,  arc  fixed. 

The  next  class  of  animals,  the  con- 
€^^erowt,  presents  great  sameness  in  the 
composition  and  general  texture  of  the 
skeleton.  The  forms,  however,  which  the 
idceleton  presents,  are  various.  This  dass 
comprehends  the  bivalved  animals.  A 
very  few,  as  the  pholadeg^  have,  in  addi- 
tion to  the  two  valves,  small  supplement- 
ary portions,  and  are  therefore  railed  muU 
firalves-y  but  in  this  class  the  external 
calcareous  shell  consists  generally  of  two 
valves.  Those  solid  valves  are  pla<^  on 
the  exterior  of  the  body,  between  the  epi- 
dermis and  the  true  skin;  so  that  )ou  ob- 
serve, for  instance,  in  this  solen,  tiic  epi- 
dermis covering  the  whole  exterior  of  the 
shells.  Within  that  exterior  epidermis  are 
yplBctd  the  calcareous  layers  of  the  shell, 
ami  w  ithin  the  shell  itself  we  come  to  the 
fleshy  mantle  which  secretes  it.  This  shell 
is  composed  of  the  carbonate  of  lime,  ex- 
uded in  layers  from  the  surface  of  the 
mantle;  and  those  layers  contain  also  a 
considerable  quantity  of  animal  matter, 
which  also  passes  out  from  the  mucous 
surface  of  the  mantle. 

The  new  layers  that  consolidate  the 
general  mass -are  formed  always  in  the 
interior  of  the  shells,  the  old  la}^eTS  being 
retained  iu  connexion  with  them,  so  as  to 
form  in  the  end  a  very  thick  strong  exte- 
rior skeleton,  such  as  you  see  in  this  large 
fridncna — the  tridacna  yi^o*— which  some- 
times acquireb  a  size  so  enormous  that  a 
ship's  crew  may  feed  upon  the  animal 
contained  within  the  two  valves.  The 
layers  are  deposited  in  the  inner  surface  in 
such  a  manner  that  the  new  layers  always 
extend  their  margins  forward  hcyond  the 
old.  Thence  it  is,  that  we  find  the  free 
margina  of  tke  shell  lliinner  than  ^e 
parts  which  are  farther  hack,  and  the 
originals  of  the  shells  of  the  young  animals 
are  those  layers  which  are  contained  on 
HbB  outer  surface.  You  can,  therefore, 
gfenerallv  observe  on  the  outer  surface  of 
those  buaived  shells,  lin&i  indicating  tiie 
tennlMtkRW  ot  the  tnooeniva  layen; 


each  of  those  layers  being  at  one  period  of 
the  aaimal't  lift,  tlM  tonnifurtkm  of  tlN 

shell— its  free  margin.  This  earthy  mat- 
ter is  deposited  chiefly  by  the  thick  glaa* 
dtUar  margin  of  the  maatie  which  you  see 
in  those  large  views,  to  which  1  now  di- 
rect your  attention,  of  thestroctnre  of  the 
common  muscU  found  on  our  own  coast, 
ihe  mytiliu  edtM»  (W), 

A-?  the  calcareous  matter  is  deposited 
chiedy  by  that  thickened  anterior  secret- 
ing margin  of  the  mantle,  not  only  in  tha 
conchiferoiis  animals,  hut  also  in  the 
gaateropods }  it  neoeesarily  follows  that  in 
proportion  as  the  form  of  tte  maatle 
varies,  so  also  must  vary  the  margins  of 
the  animal's  shell.  No  part  of  the  body  is 
so  variable  in  the  adult  state  as  the  outline 
of  the  margin  of  the  mantle,  and  HO  part 
is  more  diversified  than  the  roargiai 
of  these  shells.  Now,  often  at  different 
periods  of  the  animal's  lifi^  or  at  different 
seasons  of  the  year,  this  is  peculiarly  in- 
fluenced. It  is  influenced  aiso  by  the  ge- 
nerative system,  which  we  find  to  affect 
even  the  forms  of  the  skeleton  in  the 
mammalia  themselves,  an  instance  of 
which  is  observed  in  the  development  of 
the  antlers  of  thediMr  tribe.  We  Had  flwl 
that  >y.stem  has  an  important  sway  over 
the  forms  assumed  by  Uie  maigins  of  the 
shells  ofmollttscoos  animals  at  dilfetent 
periods. 

Now  the  valves  that  thus  compose  the 
exterior  skeleton  of  the  etmek^^  am 

connected  together  by  an  elastic  substance 
interposed  between  them,  called  the  liga- 
ibent.  That  connexion  is  also  assisted  by 
certain  processes  of  the  shell,  such  as  you 
observe  in  this  ffpondi/his,  which  are  called 
teeth.  These  teeth  in  the  conchiferous 
animals  have  nothing  to  do  with  digestioii» 
like  the  teeth  of  the  vcrtebrata,  but  are 
portions  that  are  beautifully  dovetailed 
into  each  other,  and  have  often  the  form 
of  teeth ;  sometimes  a  serrated  margin  is 
in  this  way  produced,  as  you  perceive  in 
the  hinge  of  the  area  {x  3,  b). 

The  part  of  the  shell  to  which  these 
teeth  belong  is,  in  the  language  of  zoolo- 
gists,  called  the  Mnge. 

The  forms  presented  by  itee  teetli  are 
peculiar  to  each  genus,  and  serve  as  im- 
portant characters  for  the  distinction  of 
the  genera  and  species  m  eocrfogy.  No 
part  is  nt"  iiirirc  importance  than  tliin  to  be 
attended  to  by  the  geologist.  The  geolo- 
gist can  know  nothing  genemllyaboat  tiie 
coating,  the  colours,  or  the  lustre  of 
the  shells  with  which  he  is  conversant, 
because  all  that  has  gone,  perhaps  thou- 
sands of  years  before  the  shell  came  into  his 
\  icw.  He  often  can  obtain  only  mutilated 
fragments,  or  a  surface  view  of  a  particu- 
lar part  of  Hhe  ilMll  embedded  k  aeiid 
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rocks,  i-Liid  from  these  partial  obsen'a- 
tions  he  mnst  dotermine  the  species, — for 
unless  he  ascertain  the  exact  species,  all 
speculations  foxmded  upon  the  fact  of  its 
occimvnoe  are  Ititile  and  vagae.  lliere- 
fore  it  is  that  the  geologist  seck-^  to  nrrive 
at  an  exact  knowledge  of  the  structure  of 
the  binge,  and  the  nraecular  hnpreesioQS 
(X  3,  c)  within ;  so  that  in  giving  an  ac- 
count of  a  new  species,  he  iv  t  liiofly  in- 
terested in  representing  the  loi  in  of  those 
parts. 

The  ligament,  which  is  placed  ahvays 
near  the  hinge  of  the  shell,  is  a  sub- 
stance that  bjr  its  elasticity  tends  to 
open  the  valves  as  well  as  to  connect  them, 
and  is  composed,  like  the  shell,  of  layers 
enceessiTely  deposited  on  its  inner  somce, 
as  you  perceive  very  obvious  in  this  large  i 
ligament  of  thespondyhts  {X,  1) .  The  new- 
ly-formed inner  layers  of  this  ligament  are 
always  more  soft  and  elastic  than  the  old 
decayed  outer  layers,  a  change  similar  to 
what  takes  place  in  the  layers  of  the  shell 
itself.  The  antagonist  to  the  opening  ten- 
dency of  the  ligament  is  the  adductor 
musde  {Wfji)  which  is  attached  strongly 
to  the  two  TslTes.  When,  therefore,  the 

muscular  efforts  of  the  uninml  are  at  an 
end,  when  it  chooses  to  relax  the  muscle 
or  muscles  of  attachment,  or  when  it  is 
diseased  or  about  to  die,  the  two  valves 
are  pushed  asunder,  and  opfned  by  the 
natural  elasticity  of  the  interposed  liga- 
ment (W,  c),  and  thus  the  animal  dies  with 
the  valves  {W,  a,  b)  gaping.  It  is  like  a 
piece  of  Indian  rubber  compressed  be- 
tween the  two  pieces  of  the  shell  when 
thev  arc  closed,  and  it  h  useful  in  respira- 
tion, and  in  various  motions  of  the  living 
animal,  as  well  as  for  binding  the  two 
valves  together.  From  the  elasticity  of  the 
whole  cartilaginous  shell  of  the  tunicata 
no  iuch  ligament  is  required  in  them,  and 
it  may  he  viewed  in  the  coneh^n  as  only 
an  uncalcified  portion  of  the  general  tough 
exudation  from  the  whole  8uria(»  of  the 
mantle. 

In  the  interior  of  these  valves  you  ob- 
serve impressions  (ATS,  c).  These  are 
called  muscular  impressions.  They  indi* 
catc  the  original  situation  of  the  muscle 
of  attachment,  as  it  is  called.  The  posi- 
Ifon  and  the  form  of  these  muscular  im- 
pressions are  important  also  in  the  dis- 
crimination of  recent  and  fossilc  species. 
We  are  speaking  of  skeletons  where  the 
parts  are  so  few,  and  the  spedes  so  nume- 
rous, that  every  circumstance  which  can 
be  ;used  as  a  means  of  discrimination  is 
•eiaed  upon  with  avidity.  These  muscular 
impressions  are  left  in  the  fossil  shells,  so 
that  they  are  infinitely  more  valuable  than 
an  characters  taken  from  colour  or  similar 
fadicatoi^  which  are  periifaaUe. 


To  xin,  as  anatomists,  these  muscular 
impressions  present  a  problem  which  we 
should  endeavotir  to  solve.  The  skeletons 
of  which  we  are  speaking  are  extra- vas- 
cular and  unorganised ;  they  are  compact 
layers  of  a  dead  matter — the  carbonatr  fif 
lime.  They  have  no  fibrous  structure, 
Uke  living  bone— no  capillaries  penetrate 
their  texture, — they  have  no  means  of 
growth  or  of  repair,  and  when  once  a 
layer  is  deposited,  it  remains  through 
life  without  alteration.  But  this  muscular 
impression,  seen  upon  the  skeleton,  is 
found  at  no  two  periods  of  life  to  remain 
in  the  same  position.  How  then  does  it 
advance  ?  In  the  young  state  of  the  shell 
the  muscular  impression  was  necessarily 
small  and  fax  rackwards—near  to  the 
small  hinge,  in  the  rudimentary  condition 
of  the  shell.  But  as  the  animal  advanced 
in  life,  we  find  that  this  muscular  impres- 
sion enlarged,  and  advanced  towards  the 
frc<»  margin  of  the  ?hcll.  It  indicates  a 
portion  of  the  shell  that  was  covered  in- 
terioily  by  the  insertion  of  the  muscular 
fibres — straight  jmrallel  muscular  fibres 
that  passed  from  the  one  valve  to  the  other. 
It  indicates  a  portion  of  the  shell  to  which 
the  mantle  that  secreted  the  shell  could 
not  reach.  That  is  the  nature  of  this  deep 
impression.  It  indicates,  ^eiufiwe,  thie 
magnitude,  as  well  as  the  pori^n,  amd  the 
form,  of  the  muscle  of  attnchmont.  Tt  is 
in  the  changes  then  of  the  in  aig  muscle 
of  attachment  itself  that  we  are  to  sedlc 
for  the  theory  of  the  changes  in  the  posi- 
tion and  in  the  form  of  the  muscular  im- 
pressions seen  on  the  dead  shdl. 

Tlie  muscular  fibres  are  absorbed  L'ra- 
dually  in  the  posterior  parts,  because  they 
are  organised  and  permeated  in  all  direc* 
tions  by  capillaries  that  serve  for  their 
gro^-th,  and  for  their  absori)tion.  These 
living  irritable  fibres,  fixed  to  the  shells, 
are  ahsevbed  around  the  posterior  margin 
of  the  muscle  of  attachment,  and  fresh 
muscular  fibres  are  de\'elopcu,  and  extend 
around  the  anterior  and  Ihrger  border. 
These  anterior  new  and  soft  muscular 
fibres,  attached  to  the  last  layer  of  the 
shell,  cover  that  portion,  and  prevent 
the  mantle  from  touching  it.  The  muscu- 
lar  impression  is  therefore  always  deeper 
behind  than  before.  The  mantle  goes  on, 
however,  to  secrete  calcareous  matter  be- 
yond the  muscles  that  were  there  ex« 
tended,  atid  continues  tUus  to  extend  the 
margins  of  the  shell.  It  ii  by  this,  then,^ 
the  extension  of  the  new  muscular  fibres 
anteriorly,  and  the  continual  absorption  of 
thoae  behind,— that  the  mutcolar  impres- 
sions  of  the  shell  advance.  The  posterior 
margin  of  the  muscular  impressions,  when 
the  fibnas  have  been  nmoved,  becomea 
covered  tad  oUitaniled  by  naw  Jayata 
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from  the  mantle,  which  now  extends  over 
that  part.  The  posterior  part  of  the  mus- 
cle of  attachment  ia  generally  more  white 
and  tendinous  than  fhe  aaterior  and 
newer  portion ;  but  I  see  no  reason  to 
suppose,  with  Meckel,  that  the  anterior 
part  oi  the  ligament  which  connects  the 
valves:  is  muscular,  and  the  posterior  part 
alone  tendinous  and  fibrous. 

The  parts  of  these  shells  hare  reodved 
various  names.  Tliosc  names  have  been 
given  to  the  different  parts  of  these 
skeletons  by  almost  all  writers  since  the 
time  of  Rbaumvb,  upon  the  same  ]}rinei- 
pics  that  we  give  names  to  the  parts  of  the 
skeletons  of  the  higher  animals.  We 
apeak  of  the  upper  and  lower ;  the  ante- 
rior and  posterior;  right  and  left ;  with  re- 
lation to  the  fleshy  soft  parts  of  the  bo^y. 
80  with  regard  to  the  most  essential  or- 
gans, wc  apply  the  names,  not  f;incifully, 
not  by  placing  at  random  the  shell  in  a 
position  which  might  ai4)car  the  most 
convenient  for  it  to  rest  upon,  but  we  seek 
the  position  which  the  shell  occupied 
when  the  auiiual  was  alive  and  contained 
within  it,  andasifthe  aniiunl  were  moving 
forwards  from  us.  To  make  this  perfectly 
plain,  I  take  an  example  in  the  common 
anisefe  (W),  in  order  to  observe  what  in 
the  organization  of  this  bivalved  anim^il 
miglit  be  considered  as  analogous  to  the 
ham,  or  to  the  anterior  part  the  body 
— what  part  is  analogous  to  the  back — 
what  part  is  analogous  to  the  abdominal 
surface, — that  we  may  thus  arrive  at  a 
knowledge  of  the  precise  position  of  the 
valres  iu  the  living  inhabitant.  We  ob- 


serve that  near  to  the  hinge  of  the  shell  (c) 
is  placed  the  stomach  (rf),  with  the  short 
oesophageal  opening  of  the  stomach,  and 
with  its  two  lips  developed  («).  There  is 
the  great  lateral  development  of  the  upper 
and  lower  lips,  like  two  pairs  of  long 
labial  tentacula.  We  can  trace  the  intes- 
tinal canal,  after  making  convolutions 
through  the  liver  (/j,  along  the  upper 
margin  of  the  valves,  to  that  portion  of  the 
valves  which  is  most  remote  from  the 
Idnge  {4h  ^)'— th«  binge  (c)  being  the  bxsd 


point  of  rotation  in  bivalvia.  The  anal  ori- 
fice (i)  is  placed,  in  the  conchiferous  animals, 
always  near  to  the  most  open  part  of  the  two 
valves;  and  you  know  already  that  the  most 
open  ])art  is  that  most  remote  from  the 
hinge  and  the  ligament.  In  this  muscle 
the  heart  is  placed  in  the  middle  of  13ie 
back,  the  ovary  to)  is  below  it,  the  mus- 
cle of  attachment  (n)  is  behind  and  he- 
low  it,  'and  Hie  four  pectinated  laminte  of 
the  branchi'.c  'm)  hang  down  on  the  ven- 
tral side  of  the  cavity  of  the  mantle.  The 
respiratory,  ciliated,  fringed,  orifice  (A), 
for  admitting  the  water  to  the  branchise, 
is  below  the  anal  aperture,  at  the  poste- 
rior margin  of  the  shell,  and  from  this 
anal  orifice  the  water  rashes  out  with  a 
smooth  and  ecpiable  current.  In  the  mid- 
dle of  the  ventral  surface  you  perceive  the 
tongue-shaped  dark-brown  foot  of  the 
animal  {/")  extendinic  forward,  and  behind 
the  base  of  this  foot  is  the  orifice  of  the 
glandular  organ  for  secreting  the  aoft 
transparent  albuminous  matter,  which  so 
quickly  hardens  after  its  formation,  and 
forms  those  strong  filaments  called  the  l/ys~ 
SU9  (7),l^which  the  more  delicate  bivalved 
testacca  arc  enabled  to  fix  themselves 
and  protect  their  thin  covering  from  de- 
structton.  The  manile  on  each  side  hangs 
over  all  these  parts,  and  lines  and  secretes 
the  layers  of  the  two  vaives  (a  b).  We 
have,  therefore,  the  anterior  extremity  of 
the  valves  of  the  muscle  near  the  mouth  of 
the  animal ;  we  have  the  posterior  margin 
at  the  anal  orifice;  we  have  the  upper 
or  dorsal  margin  of  the  valves  «tending 
from  the  hii»c:e  along  the  convex  surface 
to  the  anal  orifice ;  we  have  the  lower  or 
ventral  margin  of  the  iralves  extending 
from  the  mouth  along  the  abdominal  sur- 
face of  the  animal  to  the  respiratory  ori- 
fice—to that  orifice  through  which  the 
water  is  taken  for  respiration  to  aerate 
the  branchial  organs, — for  all  these  con- 
chiferous  animals  are  aquatic,  and  most  of 
them  marine.  We  have  thus  not  only  the 
parts  of  a  single  valve,  but  you  observe 
we  have  a  distinction  between  the  right 
and  the  left  valves ;  so  that  there  is  no- 
thing arbitrary  in  our  names  of  right  and 
left,  of  upper  and  lower,  of  anterior  and 
posterior  margins.  I  point  out  fhese  cir« 
cumstanccs,  because  it  is  of  p  oat  import- 
ance in  .the  study  of  conchology— a  study 
now  of  such  vast  extent  and  of  such  im- 
portance as  connected  with  geolog7,-~to 
have  a  definite  and  precise  languat^n, 
which  can  only  be  arrived  at  by  establish- 
ing the  names  and  character  of  the  parts 
upon  the  same  principles  upon  which  they 
are  applied  to  all  other  forms  of  the  ske- 
leton. 

There  arc  yet  some  parts  wliic-h  might 
at  flxtt  perplex  the  aoatomist  to  account 
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In  many  KtmkriM, 
Mito(Jr3)oftlM 


|br  tlieir  grarwfh  In  thli  6md  waofgmiied  |  vn  m— d 
•kdston.   The  exterior  surface  of  the  ■•  InllM 
Tilvw  of  coDcfaifera  are  £:eaiieiitly  found 
covtrad  idltli  qrfpMt,  as  in  wit  $pomdylu» 

(JITl),  and  yet  we  know  that  these  spines 
project  from  the  dead  mass,  and  that  they ' 
are  themselves  perfectly  unorganised  and 
eztravascular  \  how  then  could  they  grow  ?  , 
You  will  rccal  to\  otir  inind  what  we  saw  on  ' 
thcsurtace  of  the  echiuoderaia,  -  thcspiues 
of  the  eidarig  and«cAjni{«,— and  you  might 
at  first  imagine  that  these  spines  of  con- 
chifera,  perhaps,  were  attached  by  a  liv- 
ing, fleshy,  enveloping,  eecreting  sabstance 
to  the  surface  of  the  valves,  and  that  the 
living,  fleshy,  investing  substance,  after 
haying  formed  them,  might  of  itself  be- 
come calcified,  and  so  anchylosc  the  spines  European  coasts,  the  margins  of  the  sue- 
to  the  shell.  When  we  examine,  how- ,  cessivo  layers  of  the  exterior  epidcnnts  ex- 
ever,  the  margins  of  these  shells,  we  ob-  tend  freely  outwards,  and  give  a  soft  villoui 
Mrve  that  they  present  inequalities  which  I  covering  {X  '\  d)  to  the  ^ves.  Thlt  vil- 
are  often  in  the  form  of  elevations  or  Ions  covering  is  formed  in  the  same  nian- 
grooves,  and  sometimes  in  the  fonu  of  ner  as  the  smooth  adhering  cpidrnnic  c-o- 
tubet,  Uirough  which  processes  or  folds  vering^  and  the  ligament  iteeu,  by  the  or- 
of  the  mantle  extend,  and  wliich  ])rocesses,  dinar)'  secretion  f  rom  tlie  outer  surface  of 
in  ftct,  form  those  projecting  pai  ts.  When  the  mantle,  uucousulidated  or  unmixed 
the  new  layers,  however,  of  the  aholl  ex- 1  with  the  earthy  matter  of  the  shellt.  Tlili 
tend  forwnrd,  those  projecting  parts  exterior  epidermis  is  as  extnivascular  as 
which  were  processes  of  the  margin  are  the  shells  which  it  covers,  and,  tbci'efore, 
left  upon  the  outer  surfoce,  and  thus  wo  grows  only  by  the  extension  of  successive 
account  for  their  growth.  Thence  it  is  |  layers  from  the  margin  of  each  new  layer 
tliat  you  discover  this  regularity  in  the  of  the  shell  with  which  it  is  continuous, 
an  augemcut  ul  thoi>e  exterior  s])ines  and  The  successive  layers  of  the  shell  often  are 
processes  upon  the  surface  of  the  sbdls,  i  slightly  connect^  with  each  other,  and 
for  they  indieate  by  their  regular  arrange-  have  their  margins  extending  loosely  from 
mcnt  the  original  margins  of  the  valves  at  the  surface,  producing  the  laminated  ap- 
s  fturmer  period  of  life  (JT).  The  various  |  pearance  yon  observe  on  the  surfece  of 
and  diversified  forms  presented  by  those ;  the  cA/ima  (!'),  the  osfrea,  the  spondylut, 
skeletons  of  couchifcra,  yuu  can  observe  >  the  anomia,  and  many  more  of  those  con- 
by  the  series  of  spedment  placed  before  chifera,  and  narking  well  the  limits  of 
you,  1  having  selected  out  of  the  collection  each  new  deposit  of  earthy  matter.  The 

colouring  matter  on  the  sur- 
face of  the  valves  is  depo- 
sited, as  in  all  similar  cases 
after  the  formation  of  the 
epidermis,  when  that  cuti- 
cle exiali,  and  exterior  to 
the  new  calcareous  layer  of 
the  shell.  In  some  of  these 
shells,  however,  the  colour- 
i:i'4  iiiattiT,  aa  in  the  con>- 
mon  mwicle  ami  Uie  pnuut, 
is  intimately  mixed  with  the  calcare- 
ous  matter;   and   from   this  coloining 
matter  being  driven  ofl  or  destroyed  by 
heat,  it  appears  not  to  depend  on  any 
mineral  ingredient  of  the  sliell,  but  ou 
some  peculiar  aninial  matter,  as  in  the 
corals  and  other  earthy  deposits,  due  to 
ftnimal  life.    From  the  nature  and  thu 
mode  of  formation  of  thL*  epidermis,  which 
is  only  a  part  of  the  common  ingredients 
of  the  solid  shell,  it  is  obvious  that  on  tho 
surface  of  some  shells  it  may  not  form  ;i 
■^parate  layer,  and  this  is  chiefly  the  case 


the  most  diversified  and  interesting  of  this 
class  of  molluscous  animals.  The  greater 
munbcr  have  the  right  and  the  left  valves 
formed  alike,  as  these  spccitnens  of  tl:e 
tardium,  the  venm,  the  mactra,  the  nulen, 
the  pholaSj  and  are  thence  termed  equi- 
valve.  Some,  as  the  trulacna,  are  sid)- 
ec^uivalve,  or  have  the  valves  nearly  alike, 
and  othm,  as  the oslrea,  themomte  {X2), 
the  terebrafula,  have  th(^  two  valves  very 
unlike  each  other,  and  are  said  then  to  be 
inequivalvo.  Those  which  have  the  valves 
much  extended  forwards  and  badcwards 
from  the  hinge,  have  generally  two  strong 
muscular  impressions  at  a  distance  from 
each  other,  as  )'ou  see  in  the  teUina^  area^ 
{XW),  nnoiloutd,  and  are  thence  termed 
dimyaria.  W  here  the  shells  aie  little  cx- 
tenoed  in  a  hmgitndinal  direction,  and 
have  their  greatest  length  from  the  hinge 
to  the  ventral  margin,  as  the  tpondylwi 
{X 1),  the  ortreOf  the  emmja,  there  is  ge- 
nerally but  one  distinct  muscular  impres- 
sioi^  OQfi  musde  of  attachmenty  and  they 
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with  those  shells  which  have  a  very  com- 
pact and  porcellanons  texture,  as  the  tel- 
Ami,  the  maeira,  and  many  other  tmooth 
and  highly-coloured  shells. 

Many  shellR  of  conchifera  display  great 
tieautyiit  t!i6lr«mtwBiPd  ot^onring,  and  fitmi 
their  smooth,  glassy,  pearly,  orshininc:  me- 
tallic lustre,  are  often  used  for  ornamental 
purposes.  The  rich  pearls  of  commerce, 
and  the  mother-of-pearl,  are  derived  from 
the  skeletons  of  this  class.  The  hj-ssus  of 
the  pinnff,  and  other  bival\  ia,  ure  maau- 
factwed,  like  b^ilk,  tor  ornaraental  objects. 
Many  of  the  rude  inhabifants  of  the  South 
Sea  islands,  and  other  maritime  countries, 
make  ormunents,  and  dotlifaig,  and  ar- 
mour, by  nnitinc?  and  fixing  together  these 
shelU.  They  are  burnt  for  mortar,  or 
tued  for  man  tire,  where  limestone  It  icarce 
or  inaccessible,  and  the  animals  whit  h  in- 
habit them  are  often  highly  prized  as  arti- 
cles of  food,  and  afford  a  considerable  rcve- 
luie  to  the  state.  They  form  whole  strata 
by  being  accumulated  in  hollows  of  the 
deep,  which  strata  are  afterwards  raised 
hy  vdlcanic  force  to  form  the  summits  of 
iTintT'itain  ridges.  The  living  conchifera 
often  perforate  and  destroy  the  solid  strata 
aloog  the  ooaets  of  the  sea,  and  in  the  same 
manner  they  attack  and  destroy  wood 
erections  of  all  kinds  on  the  sea-shore,  or 
perforate  and  endanger  vessels  on  long 
voy^es. 

The  newly- formed,  waved,  inner  layers  of 
shells  of  conchifera,  are  generally  more  pel- 
lucid than  the  esturior  layers  which  have 
been  formed  at  a  remoter  period.  The  inner 
layers  have  generally  a  nacrious  lustre, 
and  a  greater  degree  of  transparency. 
Some  are  much  more  pellucid  than  others. 
In  the  pevl  oysters,  and  those  shells 
wlrich  am  uMd  for  the  wairafactnre  of 
ornamental  objects,  the  pellucid  nacrious 
layers  compose  the  greater  part  of  the 
thin  shells  of  those  animals.  The  exterior 
layers,  which  have  been  longest  acted 
npon  by  the  viater,  the  sands,  the  gravel, 
and  other  bodies  rolling  over  them,  are 
raa^wed  opaque ;  and  upon  removing  the 
opaque  surface,  and  leaving  the  other 
parts*  we  ohtaiu  the  remaining  shell  of  a 
beautiful  pearly  sttbetance^  which  oonsti- 
tutea  in  fact  the  mother-of-pearl  of  com- 
merce. When  the  surface  of  the  mantle 
is  irritated  at  any  particular  point,  as,  for 
ffftfflTF^,  by  the  perforation  of  minute 
marine  animals  through  the  shell,  the 
mantle  at  that  poiuc  where  it  is  irritated 
throws  oat  a  taiger  quantity  of  the  nacri- 
ous matter.  Thus  we  find  that  the  pcr- 
foratiog  worms,  when  they  arrive  at  the 
last  layer  of  Hio  sliell,  aad  entne  iitto  eon'- 
tact  with  the  f^i  -hy  jii'itr;  r  thit  spcretcs 
the  shell,  excite  the  mantle  to  throw  out 
matter  to  cover  the  ojpeiuiigs  they  ace 


'making.    Here  then  we  find  the  inner 
j  surface  of  this  shell  covered  with  these 
projeeting,  shining,  beantiftal,  naciioaa 

prominences,  and,  externally  to  them, 
opaque  layers,  with  innum^able  perfio- 
I  rations,  ^ich  have  been  made  hy  tlie 

living  >vorms.  But  when  substances,  rs 
particles  of  sand,  have  gained  an  ad* 
mission, — whether  by  such  apertures  per- 
fofMed  through  the  shell,  or  hy  the  open 
margins  of  the  shell, -between  the  man- 
tle and  the  last-formed  layer  of  the  shell, 
they  become  enveloped  by  the  same  nacri- 
ous suhstnnrc  which  embraces  them,  sur-< 
rounds  them  in  successive  layers,  and  so 
far  prevents  them  ftom  irritating  the  sor* 
face  of  the  mantle ;  for  those  foreign  par- 
ticles presenting  their  sharp  edges  to  the 
mantle,  and  being  altogether  of  a  difltmrent 
composition  from  the  inner  nacrious  layer 
of  the  shell  tr)  which  the  high]y-fi(>nsible 
uiantlc  is  accustomed,  excite  limt  surface 
to  throw  out  the  mixture  of  carbonate  of 
lime  and  animal  matter  with  which  the 
mantle  is  continually  in  contact  through 
life,  and  thus  they  ceastitale  tboM  round 
detached  bodies  termed  jfMfi^  80  maoh 
prized  in  counnerce> 

The  unorganised  natare  of  tbeee  ekele- 
tons  is  partly  indicated  by  the  foreign 
bodies  you  percoive  collecting  and  growing 
upon  their  outer  surface.  We  find  them 
covered  often  with  the  calcareous  skdetcms 
of  zoophj'tes,  and  of  other  testaceous  ani- 
mals, as  you  see  upon  the  durtace  of  this 
large  Mdaaut  gigm*  It  ii  eovered  wiflt 
millepnrcs,  ]iorites,  astrea;,  and  VflvioiN 
other  calcareous  zoophytes. 

There  ia  anodier  problem  to  wldeh  t 
V,  ish  to  direct  your  attention  in  consider- 
ing these  skeletons}  it  is  the  power  which 
%m  find  Hie  aaimalstoponew  of  aggluthsatw 
ing  these  extravascular  skeletons  to  other 
submarine  bodies.  You  arc  familiar  with 
the  fixed  condition  of  the  oyster.  Theano^ 
mia,  and  many  other  shells  besides  theses 
ftx  to  the  surface  of  rocks  and  plants. 
There  are  no  means  possessed  by  the 
oyster,  or  bjr  any  bivalved  animale,  of  fix* 
ing  or  cementing  the  I'tih-os  that  arc  al- 
ready completely  formed,  to  the  surface  of 
the  eztnoieoas  bodies;  tiiey  can  only  fix 
the  margins  of  the  layers  they  arc  at  the 
instant  depositing.  Thus  we  find  that  the 
yoimg  oyster  throws  out  a  deposition  of 
animal  matter  mixed  with  the  carbonate 
of  lime,  not  only  to  envelop  its  body,  hut  to 
\)i3^&  downwards  from  the  lip  of  th«  con- 
cave or  left  valve,  to  attach  it  upon  the 
rock.  Wlicn  it  has  thus  exuded  aHeric'"  of 
layers  from,  the  surface,  which  paas  down 
ftom  the  free  edges  of  tiie  layws  and 
attach  them  in  succe^ion  to  the  surface 
of  the  rock  or  other  extraneous  body,  it 
ceases  any  longer  to  deposit  the  edges  of 
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the  iayera  in  that  desceadiog  direction; 
but  the  fresh  layers  which  ft  exu^  it 

causes  to  assume  the  ordinary  form  of  the 
exterior  surface  of  the  mantle.  This  is  a 
specimen  of  it,  where  it  is  obvious  that  it 
liM  kept  for  a  time  the  mai^n  of  the 
xnantle  in  contact  with  the  foreign  body  to 
which  it  wished  to  adhere.  Having  got  & 
sufBdendy  firm  attachment,  it  raised  the 
fleshy  margin  of  the  mantle,  and  continued 
to  exude  layers,  which  assumed  the  na- 
toral  enrved  direction  of  the  concaye  valve. 
Thus  it  is  that  you  observe  this  mass  of 
oyster  shells,  all  fixed  by  their  left  vidvcs, 
to  have  aurronnded  a  circular  piece  of 
timber,  which  has  remained  far  a  time 
under  the  nixf  aoe  of  the 


Tb»  Ureio9a9a§i9  is  fiuniliar  to  you  fron  i 
the  ravages  it  commits, — from  its  having 
caused  the  loss  of  so  many  lives,  by  per 
fym&ag  anddertroying  vends  at  per 
fnrntingand  destroying  the  wood-erections 
along  coasts  in  tropical  countries  in  the 
new  world,  and  even  in  Enrope.  These 
perforations  it  makes  by  means  of  its 
shells.  In  order,  however,  to  protect  its 
fleshy  body  from  tlie.  surface  of  the 
wood  while  it  perforates  with  the  shell,  it 
excretes  from  the  whole  surface  of  it  s  hndy 
a  calcareous  solid  tube.  You  will  there- 
fore, find,  that  upon  making  sections  of 
timber  v  hich  has  thus  been  perforated  by 
the  teredo  nawUiff  those  sections  exhibit  to 
you  calcareoas  tubes  which  still  belong  to 
the  class  conchifera,  and  which  we  must 
here,  therefore,  consider  a  part  of  their 
■keleton,  idthough  so  much  resembling  the 
tttbM  of  vedobloodfld  worms. 

We  find,  frequently,  in  a  fossil  state, 
nmMes  of  timber  where  the  wood  hu  been 
completely  silicified,— converted  intosilica, 
and  where  the  perforations  are  lined  dis 
tinotly  by  tU  calcueoui  tnbei  of  these 
perfonting  Uvalvad  aairnib. 

Several  conchifera  have,  like  the  teredo 
and  the  pJmka^  supplementary  calcareous 
pieces ;  thus  the  anomia  {X  2,  2  ♦)  ex- 
tends a  part  of  its  adductor  muscle  {X2,a)t 
through  a  cfavnlar  aperture  in  the  flat 
Valve,  to  be  nttnched  to  some  external 
rock  or  plant,  and  the  extremity  of  that 
projecting  adductor  nrasdehss  intei  posed 
l>etween  it  and  the  surface  of  the  rock  a 
small  circular  calcareous  disk,  whicli  cor- 
nsponds  witti  the  aperture  in  the  ilut 
valve. 

You  observe  in  this  specimen  of  clay- 
alone  niek,  of  oonrideiable  density,  that 
there  are  numerous  tabular  perforations, 
which  pass  throi^h  its  substance,  and 
wUdi  cnHltil  «iiinal«  belonging  to  the^ 


genus  nhoUa*  These  pholades  were  alive 
when  wis  rodcwas  taken  from  the  sea.  Itis 

not  a  fossil.  They  have  pcrfoi-atcd  by  means 
of  the  revolutions  of  their  rough  shell. 
The  apertures  which  you  see  here,  run  in 
perpendicular  directions  through  the  rock. 
In  order  that  they  may  }iave  the  surface 
of  the  shell  constantly  like  a  file,  they 
secrete  projecting  layers  that  present  an 
undulated  free  margin  ;  and  those  succes- 
sive undulated  mai'gins  are  not  in  contact 
with  each  other,  but  extend  freely  out,  so 
that  the  whole  exterior  surface  is  rough 
like  a  file.  These  valves  that  are  thus  like 
a  file  u])on  the  outer  sur&o^  hidose  tho 
most  important  viscera  of  the  phoUu;  but 
the  apertures  of  the  organs  of  respiration 
extend  through  the  perforations  of  tlio 
K  (;k  for  six,  seven,  or  even  eight  inches, 
while  the  *-hclls  arc  at  the  bottom  of  tlie 
perforations  they  have  made.   They  thus 
reach  with  their  respiratoiy  sac  and  aper« 
tures  the  surface  of  the  rock,  and  arc 
thereby  enabled  to  draw  in  water  for  re- 
spiration, and  to  draw  in  for  food  minute 
animals  floating  in  the  water.  It  is  inte- 
resting to  sec  this  c^nino:  on  so  extensively 
in  the  existing  submaa^ue  strata,  lor  thottu 
living  perforating  lithodomous aninials,  of 
which  there  art'  lunnerous  gcnein,  em- 
ployed in  thus  disintegrating  tiiu  rocks  at 
the  bottom  of  the  sea,  reduce  theoldlbrm- 
ations  to  gravel,  to  sand,  to  fine  particles, 
that  are  washed  to  great  depths  to  form 
new  strata  hereafter  to  be  raised  above  the 
surface  of  the  sea.    These  lithodomi  aro 
interesting,  therefore,  to  the  geologist. 
A  knowledge  of  the  living  habits  of  these 
animals  is  interesting  in  another  point  of 
view.    As  yoTi  nhserve  that  these  perforat- 
ing animals  pass  perpendicularly  down* 
wuds  through  the  rocks  in  which  they  are 
lodged,  finding  a  stratum  of  rock  perhaps 
at  the  top  of  a  mountain  which  was 
perforated  in  former  conditions  of  this 
planet  by  these  lithodomi,  you  might  know 
frou!  m\  inspection  of  the  directions  of  the 
perforations  made  by  these  animals,  what 
was  the  oiiginal  undisturbed  position  of 
the  rock  at  the  thv.c  w  hen  it  formed  the 
bed  of  the  ocean.  You  would  see  whether 
it  had  now  been  raised  perpendieuhu>ly, 
for  in  that  rasc^   the  pholadea,   or  the 
other  perforating  animals,  would  be  found 
lying  horizontally.   But  if  the  rook  has 
them  still  directed  perpendicularly  down- 
wards, you  would  sny  that  that  rock  re- 
mains in  the  same  relative  position  which 
it  occupied  at  the  bottom  of  the  sea  when 
it  was  perforated  by  these  animals. 

fi%ere  is  another  dfcumstanise.  FIrore 

the  flat  form  of  many  of  these  l)ivalved 
shells,  and  from  their  thinness,  they  are 
incapable  of  resting  unsupported  erect 
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upon  their  marginB.  When  they  are  there- 
fore strewed  at  the  bottom  of  die  sea, 
deprived  of  their  living  inluAitailtt,  or  ac- 
cumulated in  the  deep  cavities  and  sub- 
marine valleys,  so  as  to  compose  whole 
strata  of  sheUjr  limestone,  they  are  found 
to  lie  in  a  cei-tain  method ;  they  are  dis- 
posed parallel  to  each  other  and  to  the 
Borfaoe  on  which  they  rest.  From  know- 
ing  that  this  was  tliLir  i  l  iginal  uiulisturbed  ' 
position,  and  that  they  were  afterwards 
covered  by  successive  horizontal  deposi- 
tions of  new  stmta,  you  would  be  able  to 
judp:e  regarding  the  future  disturbances  of 
these  strata,  by  observing  the  direction  in 
vbidi  tbc  shelly  deposits  were  lying. 
Many  considerations  of  this  kin  !  comipf  t 
the  study  of  the  history  of  recent  couciu- 
fera  with  the  pursuits  of  the  geologist. 

From  the  chemical  constitution  of  these 
massive  and  solid  skeletons  of  bii^via,  it 
is  obvious  that,  by  removing  their  calca- 

rtHiiisi  Tuatter  by  means  of  acids,  wc  can 
obtain,  in  an  isolated  form,  their  softer 
animal  matter,  which  appears  like  a  trans- 
lucent laminated  membrane,  and  retains 
the  original  lonn  ot  the  entire  sheils.  By 
burning  or  bleaching  the  entire  shells,  the 
whole  of  this  animal  matter,  and  their  pe- 
culiar colouring  substance,  are  removed, 
and  the  earthy  part  remains  soft,  white, 
friable,  and  retaining  the  original  form. 
This  is  the  change  which  they  first  under- 
go in  becoming  fossilised.  Their  colouring 
matter  and  their  albuminous  ingredient 
are  first  slowly  carried  oflf  by  the  waters 
percolating  through  the  beds  which  con- 
tain the  shells.  If  these  beds  are  of  sili- 
ci  MIS  )  rks,  the  water  generally  carries 
away  also  the  remaining  calcareous  mat- 
ter of  the  shdls  in  a  state  of  solution,  and 
leaves  only  the  cavity  ^vhich  the  shells 
originally  occupied.  These  empty  cavities 
in  the  silicious  rocks,  having  the  exact 
formsof  the  shells  which  are  now  entii'ely 
removed,  are  gradually  filled  n;i  by  finer 
particles  of  silicious  matter  brought  by  the 
stiU  percolating  water ;  and  thus  casts  are 
preserved  to  us  in  the  oldest  sandstone 
rocks,  presenting  the  minutest  characters 
of  beings  which  have  left  no  other  trace 
of  their  former  existcn(;e  on  this  ^rlolu  . 
Sometimes  casts  only  of  the  interior  cavity 
are  preserved.  In  passing  downwards 
throttgli  the  newer  formations,  wc  obtain 
these  shells  in  all  the  intermediate  stnt'es 
of  this  process  of  fossiUzatiou,  and  it  iias 
proceeded  with  more  or  less  rapidity,  ac- 
cording to  the  texture  and  chemical  com- 
position of  the  embedding  rock,  and  the 
ainin^nce  of  percolating  water,  and  of  car- 
bonic or  other  acids,  which  it  conveys.  Wc 
observe  them  in  the  upper  beds,  with  the 
colouring  matter  i>ut  slightly  faded,  and 


the  tough  ligaments  still  conaecting  tho 
valves. 

In  lower  deposits  we  obtain  the  valves 
detached,  the  ooioming  matter  gone,  the 
lustre  ni  tiw  soxftoe  nuled,  and  the  outer 

layers  of  both  surfaces  white,  porous, 
bleached,  sofl^  and  chalky.  At  length 
they  assume  the  character  of  burnt  shells 

:  becoming  soft  as  chalk,  exfoliating,  absor- 
bent, and  presenting  no  trace  of  animal 
matter.  But  these  changes,  which  take 
place  after  death  in  the  skeletons  of  con- 
chifcra,  are  common  to  them  with  all 
other  forms  of  the  earthy  skeletons  of 
animals,  from  the  lowest  corals  to  the 
human  bones.  A  still  further  change  is 
effected  in  these  shells,  as  you  observe  by 
these  specimens  ftxmi  the  chalk  strata,  and 
from  the  older  secondary  limestones.  The 
place  formerly  occupied  by  the  animal 
matter  of  the  shells  is  gradually  Med 
with  carbonate  of  lime  from  the  percolat.' 
ing  wHter,  and  this  (';M-bf>nate  of  lime  as- 
suming the  crysiaUiscd  ihomboidal  form, 
the  whole  texture  of  the  shells  is  converted 
into  crystallised,  transparent,  cfilrnrcons 
spar,  the  broken  fragments  of  which  you 
perceive  have  all  a  perfect  rhomboidal 
form.  It  would  appear  by  I'nany  careful 
observations  made  by  geologists,  that  the 
action  of  intense  heat  and  pressure  on  the 
shelly  limestones,  as  by  the  bursting  up  of 
melted  rocks  fonning  veins  through  them, 
is  sufficient  to  cause  every  trace  of  the 
original  forms  of  the  component  shells  to 
disappear,  and  to  convert  the  whole  of  the 
heated  shelly  rocks  into  regular  homoge- 
neous crystallised  limestone.  This  pro- 
cess can  be  imitated  in  our  furnaces,  and 
lias  probably  taken  place  to  a  great  extent 
among  the  oldest,  and  deepest,  and  most 
highly-crystallised  formations,  called  pri- 
mitive rocks.  So  that  although  we  can 
trace  organic  development  on  the  surface 
of  this  planet  backwards  to  a  great  degree 
of  simplicity  in  the  ancient  strata,  wo 
cannot  hope  to  arrive  now  at  the  first 
forms  which  were  called  into  being.  And 
as  development  advances  to  new  and  more 
complex  forms  on  the  earth's  surface,  the 
oldest  forms  are  disaxipearbig  in  the  deep- 
est strata.  Tlic  envcloi)ing  fonn,  the 
superficial  position,  and  the  massive  na- 
ture of  the  shells  of  eoneh\ferat  correspond 
with  the  ver}'  low  condition  of  their  nerv- 
ous system,  and  of  their  organs  of  ^euse, 
which  are  the  means  of  protection  allotted 
to  highar  forms  of  organiiatkm. 

To-morrow  I  shall  proceed  to  the  skele- 
tons Of  nest  cusses  of  molliiseoiiB 
ammals. 
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GENERAL  BEMARK8  ON  THE  SYMFTOMS 
ANO  TJMBATKBlfT  OF  DI8BA8BS  09  THB 

UTERUS. 

We  shall  i1i\  if1e  our  reinar'ks  on  affections 
of  the  uteriui  and  their  ti°eatment  into 


the  loins  compels  her  to  sit  down.  Co- 
ition often  fbno\\  ed  by  a  slight  loss  of 
blood,  and  excites  slight  pain,  which  may 
disappear  quickly,  or  remain  for  one,  two, 
or  even  three  days.  Sometimes  the  dis- 
ease it  arrested  at  this  point,  and  ceases 
sponteneontly ;  bat  more  frequency  the 
fluor  nllTus  hecomes  more  abundant;  the 
woman  experiences  pun,  not  usually  iu 
the  utertie,  Imt  about  tbe  loliw,  rotmd 
and  broad  ligaments,  or  even  a  pain  run- 
ning down  the  back  of  the  thighs  and  logs 
to  the  heels,  whence  it  is  often  niistakcii 
for  a  sc  iatica ;  the  ])ain  may  also  extend 
towards  the  umbilicus,  to  the  flanks, 
or  very  often  to  the  rectum,  especially 
when  the  neck  of  the  uterus,  thrown 
backward  by  a  slight  anteversion  of  the 
organ,  presses  on  the  intestine.  The 
two  parts;  one  eomprohending  sub-in-  floodings  now  succeed  each  other  ftt 


flammations,  engorgements,  and  scirrhns 


shorter   intervals ;   the   l)reasts  dwindle 


uteri ;  the  other  embracing  ttie  various  |  away,  and  a  sympathetic  gastro-entcritis 
ulcerations,  vegetations,  and  different  tu- 1  declares  itself ;  the  patient  is  affected  dur- 
mours  of  the  neck  and  body,  of  the  uterus.  |  ing  the  day  by  a  slight  fever,  recurring  at 
In  order  to  avoid  useless  repetitions,  we  i  intervals  more  or  lc;«sfre(ment,  or  Hv  norv- 


shall  commence  by  detailing  certain  gene 
ral  symptoms  and  therapeuUc  means, 
which  are  applicable  to  the  greater  part 
of  uterine  diseases 

It  is  well  known  in  the  prr\  tiro  of  me- 
dicine, that  diseases  do  not  always  pro- 
duce exteitul  symptoms  proi>orticnnite  to 
their  degree  of  sevei  ity  or  danger.  This 
ol)ser\'ation  is  jieculiarly  a])plicable  to  af- 
fection!* of  the  uterus.  We  frequently  fmd 
tUs  (wgaa  In  a  state  of  disease,  which  ad- 
mits no  hope  of  cure,  while  the  general 
beaitii  doL-if  <iut  seem  to  suffer  iu  the  least 
The  complexion  is  yet  fredi  and  btoom- 
ing,  while  the  patient  presents  nothing 
Iwt  a  few  insignificant  sympUuus  of  dis- 
order  in  the  geseratiTe  organs.  Many  of 
the  patients  now  in  the  ward  Saint- 
At^ftutin  afford  sad  examples  of  the  truth 
of  tiiis  mnark.  On  the  other  band,  we 
observe  women  who  are  affected  in  a 
very  slight  manner,  become  thin,  suffer 
exeesisivc  pain,  and  gradually  waste  away. 

Hence  the  necessity  of  a  most  careful 
examination  the  moiueut  \vc  suspect  the 
exlt^tence  of  any  disease  in  this  part  of  the 
hvAy.  In  general  we  remark  the  follow- 
ing precursory  symptoms ;— The  woman 
loses  a  small  quantity  of  blood  from  time 
to  time,  without  any  pain,  or  has  a  leu- 
corrhu^^  which  continues  during  the  in- 
terval of  menstruation.  The  breasts  be- 
come ."lightly  tumid,  and  she  thinks  this 
often  a  sign  of  good  health.  She  feels 
some  pain  in  the  loins  alter  walking  or 
ritling  iu  a  rough  carriage.  When  she 
stands  for  any  Icngtb  of  time,  a  sense  of 
fatigue  in  the  pclviii  aud  of  dragi^ing  in 


ous  attacks;  the  skin  is  dry;  ui^,.  stion 
becomes  deranged  |  the  woman  loses  flesh 
and  complerion,  and  the  whole  skin  as- 
sumes a  sickly  dull  colour. 

The  disease  seldoui  arrives  at  this  point 
without  a  physician  being  consulted,  and 

it  is  now  easily  discovered ;  but  at  other 
times,  as  has  been  remarked,  the  disorder, 
though  hidden,  increases,  while  the  general 
health  seems  perfect,  and  only  reveals  it- 
self on  a  sudden  w  ith  alanning  symptoms ; 
digestion  is  interrupted,  and  the  patient 
is  afflicted  with  ocoessive  pain;  neroor- 
rhagc  now  sets  in  and  recurs  frequently ; 
the  skin  becomes  dry  and  earthy  colour- 
ed ;  finally,  a  colliquative  dtarrhoea  makes 
hi  a]>pearance,  and  terminates  the  sceiio 
generally  iu  one  or  two  months  after  the 
appearance  of  the  first  symptoms.  Death 
may  take  place  even  within  twenty-four 
liours  from  pnforation  of  the  uterus  and 
peritonitis. 

I  ha\'e  occasion  to  see  every  year  at 
least  twenty  examples  of  uterine  aJUsetioiis 
which  march  in  this  insidious  manner. 
Not  long  ago  I  was  called  to  the  wile  of  a 
musical  ptofessor  in  tills  city,  who  was 
fresh  and  young,  and  might  pass  for  one 
of  the  haiulsomest  women  in  Paris.  M. 
MoKBAO ,  -who  had  already  seen  the  lady, 
wished  to  have  my  advice ;  1  touched  her, 
and  found  that  the  uterus  was  reduced  to 
a  putrid  mass,  in  which  the  finger  rea- 
dily rank.  There  was  no  resource  left ;  it 
became  norv<»-'.vy  to  acquaint  the  family 
witli  the  ciangcious  statu  iu  which  sho 
was,  but  they  ooukl  not  be  persuaded  that 
we  were  not  in  error:  in  a  law nUMltiia 
afterwards  the  ^ail^  was  dead* 
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LECTURE  X. 

ON  THE  OnGANS  OP  SUPPORT  OF  THE 
OASTGROPODOUS  AND  PTBROPOOOOS 

MOf.LlSCA. 

The  skeleton  of  the  gasteiopods  is  com- 
posed of  ttie  same  materials,  and  is  formed 
in  the  same  manner,  as  the  shells  of  the 
concbifera  we  were  examining  yester- 
day. They  are  generally  in  the  form  of 
univalve  and  unilocular,  calcareou-,  ^n(\ 
hollow  cones,  connected  with  the  nuis- 
calar  aystein,  and  covering  the  aurfittce 
of  the  body.  Thoy  are  composed  ol 
the  carbonate  of  lime,  mixed  with  con- 
densed animal  matter,  which  often  forms 
a  distinct  cpidennic  layer  on  their  outer 
surface,  as  we  saw  in  the  ))ivalvos.  These, 
exuded  from  the  surface  of  the  manUe, 
form  a  mass  of  coBSiderable  tongbness 
and  density,  inwhich  wo  "rn^vtSiy  per- 
ceive a  fibrous  or  crystaiime  arrangement 
of  the  particles,  and  a  laminated  texture. 
We  rnn  'generally  see  that  they  'are  com- 
posed ot  a  8Ucces:^ion  of  layers,  and  that 
tlMwe  layers  are  placed  the  one  within  the 
other,  the  new  layers  extending  beyond 
the  old.  Examining  tho  texture  with  care, 
even  with  the  microscope,  we  can  see  dis- 
tinctly that  the  yubstaneeof  these  shells  is 
not  permeated  by  vessels  of  any  kind, 
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either  hy  absorheuts,  arteries,  or  veins,  but 
that,  like  the  shelly  substances  we  were 

considering  yesterday,  they  are  of  a  homo- 
geneous and  quite  extravascular  nature. 
They  have  generally  the  form  of  a  oon^ 
shut  at  the  apex  and  open  at  tho  lower 
extremity— the  base,  lliat  cone  we  ob- 
serve dtiring  the  life  of  the  animal  to  ln« 
crease  in  magnitude ;  therefore,  here,  as  in 
the  former  case,  it  is  interesting  to  in- 
quire hy  what  means  it  continues  still  to 
retain  its  muscular  connexion  with,  and  to 
envelop  all  the  soft  parts  of,  the  nninial 
during  its  increase,  aiid  the  ijiadual  de- 
velopment of  all  Its  parts. 

Experiments  were  early  made  by  Rea  u- 
MVK  to  determine  the  true  nature  of  the 
calcareona  shells  thrown  wet  the  bodies 
of  the  gasternpocles.  Apertures  were  made 
in  the  sbcU,  and  they  were  carefully 
watched  to  observe  whether  fresh  cor- 
l)Ciiatc  of  lime  would  he  exuded  from  the 
mai'giu  of  the  apertures  which  were  made 
in  the  shell.  It  was  soon  found  that  the 
orifices  which  had  been  made  were  closed 
up,  atid  that  the  animal's  mantle,  spread 
over  the  surface  of  the  body,  had  deposited 
a  calcareous  covering  wherever  apertures 
had  been  made  in  the  shell.  Upon  put- 
ting a  piece  of  adhesive  substance  over  the 
openings  on  the  inside,  and  watching; 
what  would  he  the  result,  it  was  seen 
that  no  new  calcareous  matter  was  exuded 
from  the  hroken  edges  of  the  shell,  but 
new  layers  were  atldcd,  by  the  secreting 
surface  of  the  mantle,  to  the  inside  of  the 
adhering  membrane.  These  experiments, 
repeated  in  various  wa\  s,  and  the  ol)ser- 
vation  of  all  the  forms  of  these  shells,  show 
that  they  are  secreted  in  successive  de- 
posits from  the  exterior  surfiftce  of  the 
fle  by  mantle,  and  that  they  conseqticntly 
correspond  in  tin  ir  general  form,  and  in 
tho  changes  they  undergo^  with  thof:e  of 
the  mantle  on  which  they  arc  moulded, 
rhey  possess  no  internal  organization  to 
enable  them  to  grow  like  bones,  or  to  re-- 
pair  the  injiunes  or  losses  they  may  sustain, 
rhe  texture  of  these  shells  is  generally 
very  hai'd  and  compact  where  they  ar« 
thi:t,autl  more  sijft,  ],orons,  and  lauiiuate I 

in  theii'  structure  where  they  have  thicker 
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liBiietM.  The  inner  layers  in  the  tnrbi- 1 

nated  shells  are  often  very  hard,  traiis- 

i parent,  and  glassy,  while  the  exterior 
ayers  have  a  looae^  fibrous,  or  minutely 
laminated  textura.  As  tbcy  are  extravas- 

rnlar  siibstf^nco-j,  excreted  from  the  svirface 
of  the  skin,  the  various  changes  which  they 
undergo  after  being  once  deposited,  depend 
on  the  contact  of  the  living  parts.  Al- 
though we  often  observe  them  materially 
altered  in  their  ibrm  after  their  deposition, 

thcv  arc  not  in  the  roTvlitinn  of  living 
bones.  These  organised  skeletons  we 
meet  with  in  the  vertelvated  daaees,  whidh 
are  truly  organised  skeletons,  ca])ahle 
themselves  of  growth,  of  being  absorbed, 
and  of  being  again  increasM  in  bulk, 
jt'laced  within  the  body,  and  suri'ounded 
externally  hy  the  living  parts,  the  skele- 
tons of  the  vertebratcd  animals  must  have 
possessed  such  an  internal  organization  ; 
and  the  plan  is  very  different  in  them  from 
that  of  the  external  unorganised  skele- 
tons of  tlie  invertebrata.  Enclosed  en- 
tirely within  the  soft  ])arts  of  the  bnrly,  the 
osseous  skeleton  could  not  be  periodically 
thrown  oiT  from  tibe  body,  therefore  it  had 
only  two  means  of  growtli, — either  by  the 
superaddition  of  layer  aftei*  layer  npon  the 
surface,  and  retaining  the  old  witnin  the 
new,  or  by  removing  the  old  altogether,  and 
gradually  depositing  the  new  matter  some- 
what ill  the  original  form.  The  latter  is 
the  plan  of  inflation  we  ob8er^'e  in  the 
oiT'nni'^ed  bones  which  compose  the  in- 
ternal articulated  and  permanent  skele- 
tons of  the  vertehrated  animals. 

The  sl't.lls  of  tlic  j::nstoropods  arc,  thus, 
unorganised  exudations  from  the  surface 
of  the  skin,  and,  as  in  the  oonohifera,  they 
often  have  an  C])iderinic  covering,  formed 
by  the  common  dense  albuminoiu  matter 
i^hich  pervades  the  whole  t«tture  of  the 
calcareous  shell.  This  epidermis  some- 
times forms  a  continuous  coat  over  the 
surface  of  the  shell  i  sometimes  the  edges 
(rf*  its  successive  layers,  continuous  with 
those  of  the  shell,  extend  out  loosely  from 
the  surface,  producing  a  laminated,  or 
fihrons,  or  TiUoosy  ooveringto  the 'shell. 
Sometimes  it  is  not  ])rcsent  as  a  layer, 
distinct  from  the  common  albuminous  in- 
gredient of  the  solid  shell.  Bnt  in  all 
i-asca  it  is  very  distinct  from  the  tntc  epi- 
dermis covering  the  skin  of  the  aniuial  it- 
•elf,  as  in  the  soft  skins  of  other  classes.  The 
colouring  matter  of  these  shells  accompa- 
nies the  cnlcarconB  matter,  beijig  sometimes 
confined  to  the  outer  smface,  beneath  the 
epidermic  layer,  and  sometimes  ]>ervad- 
ing  the  whole  texture  of  the  shell.  It  is 
entkely  removed  by  heat  The  shells  ol 
tl>e  gasteropoious  and  other  mollnsca 
have,  thn-«,  eralnr^ir  s  both  witb  the epider- 
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and  with  the  articulated  tabular  extemsj 

shells  of  the  articulated  classes.  Many  of 
the  gasteropods  have  no  trace  of  external 
or  internal  skeleton,  as  the  teylltea,  the 
trUonia,  the  doris,  and  many  other  naked 
and  blind  hermaphrodite  genera.  Some 
have  only  a  small  and  thin  pellucid  lannna 
contained  within  the  skin  of  the  back,  as 
the  aphjxla  and  the  slug.  The  cxternnl  shell 
is  often  so  small  as  to  cover  only  a  por- 
tion of  the  animal's  surface,  as  in  the  /et< 
taccUa,  the  drypfnsf'min,  and  the  earinaria. 
The  enveloping  shell  is  generally  in  form 
of  a  cone,  wide  and  open  at  the  base,  and 
closed  at  the  apex.  It  is  composed  of 
eight  transverse  parallel  imbricated  la- 
mina;, in  the  ckUons.  It  is  perforated  in 
the  hatiotis,  the  Jismrella,  the  cmarginula. 
The  enveloping  solid  cone  of  the  gastero- 
poda is  considered  aa  analogous  to  the  two 
valves  of  the  conchifsra,  united  together  to 
form  a  solid  univalve,  and  indications  of 
the  original  separation  of  the  pieces  are 
seen  in  the  fissures  of  the  tmarginvia,  the 
rimtila,  the  JfsmreNa.    The  shell  is  a  sirn- 

ele  straight  cone  in  the  patellot  slightly 
ent  in  the  deniaUttmy  a  little  twisted  in 
ti  e  crrpl-bih'i,  the  hnrmth,  the  copvlus.  It 
revolves  around  its  apex  in  the  pianorlnw, 
and  some  of  the  heUees,  forming  a  circular 
disk  with  therevolutions  nearly  on  the  same 
plane,  like  an  ammonite.  In  most  of  the 
univalves,  however,  the  ^lane  of  revolu- 
tion is  constantly  changmg  during  deve- 
lopment, and  the  shell  assumes  a  spiral 
form  more  and  more  acute,  according  to 
the  quickness  with  which  it  changes  its 
plane  of  revolution.  You  will  observe, 
that  the  shells  which  have  thus  assumed 
a  spiral  or  turbinated  form,  have  idmost 
always  revolved  around  an  axis  in  such  a 
manner  as  to  leave  the  auex  and  the 
whole  spire  of  the  shdl  on  the  right  side 
of  the  animal,  when  it  extends  its  head 
from  tbr  ay)crture.  From  observations 
which  1  nitulc  several  years  since  on  the 
development  of  the  embryo  of  theoommon 
buccinum  undatuin,  nnd  which  w*>re  pub- 
lished in  Sir  DaviU  iircwster'ti  journal,  I 
am  inclined  to  ascribe  this  spiral  twist  of 
the  shells  of  gasteropoda  tci  the  action  of 
the  heart,  and  to  the  respiratory  organs, 
which  are  situate  on  the  left  ode,  and 
to  the  descent  which  the  foot  of  the  ani- 
mal makes  over  the  colinnella,  in  order 
to  reach  a'solid  surface  to  creep  upon.  The 
diastole  of  the  heru  t  bends  the  anterior 
free  part  of  the  hmiy  to  the  right  side,  and 
won  If  I  cause  the  shell  to  revolve  on  the 
same  plane,  were  that  c»use  to  operate 
alone,  but  the  constant  descent  of  the 
foot  over  the  surface  of  the  pillar,  causes 
the  plane  of  revolution  to  ehange  at  every 
instant,  and  by  these  two  causes,  rmn- 
biii«d  with  the  constant  o&tending  of  Ui<i 
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respiratory  fold,  the  spiral  form  of  the 
shells  appears  to  be  produced.  In  ft  few 

shells  the  si)iie  is  found  directed  to  the 
left  side  of  the  enclosed  animal,  and  in 
those  cases  the  heart  arid  resyiiatory  or- 
gaas  are  found  on  the  right  aide,  thus  cor- 
responding with  the  transpQgtflim  of  the 
spire  or  apex  of  the  shell. 

These  skeletons  chiefly  owe  their  ex- 
istence, their  growth,  and  their  form,  to 
that  part  which  is  called  the  mantle.  It 
Is  a  glandular  and  fleshy  fold,  from  he- 
ncath  which  the  head  extcnrls,  which  en- 
velops the  organs  of  rcflpiratiou  and  the 
great  centre  of  the  drcnlating  system, 
and  extends  hack  to  the  commencement 
of  the  ahdoniinal  viscera.  It  extends,  as 
you  sec  in  the  biiecinum  undatum^  to  the 
eoramcncement,  in  the  male,  of  the  testi- 
cle and  thelivt  r;  in  tlie  female  it  extends 
back  to  the  counncuceuient  of  the  ovary 
knd  the  liver.  It  is  shut  at  this  posterior 
part,  so  that  it  fomis  a  sac  {Z,  o),  open 
only  at  its  anterior  extremity,  like  that  of 
a  cepluilapod.  The  marghL  of  the  mantle 


or  sac  is  of  a  thicker  texture ;  it  is  of  a 
glandular  nature  ;  it  is  covered  with  small 
shut  sacs  or  pores,  which  are  glandular, ' 
Imd  secrete  the  calcareous  matter  with 
animal  matter, — that  condensed  albumi- 
nous substance  which,  with  the  carbonate 
of  limcb  compose  the  solid  skeleton.  I 
When  we,  therefore,  examine  the  form  of 
the  cone  iZ  ki  A*)  which  is  thus  thrown 
out  Upon  the  surface  ofthehody — and  en- 
velops, completely,  by  being  closed  at  its 
npex  (/V*,  b),  the  whole  posterior  part  of 
the  body, — we  find  that  its  form  is  gene- 
rally tnrbmated,  that  it  is  twisted  mora  or 
less  u])on  itself,  and  forms  that  appearance 
whicl)  is  denuHiiuatcd  turbinated,  univalve, 
and  unilocular,  in  shells.  The  aperture 
of  the  cone  is  the  base  of  tlie 
cone  {A*,  a) ;  and  we  hnd  tliat 
one  nuu^gin  of  the  apertura 
lies  over  the  neck  of  the  ani- 
mal, when  it  extends  its  head 
from  the  aperture.  In  the  spe- 
c  imens  before  youof  thc^Mcci- 
num  {Z,  A*)y  you  will  observe 
the  animal's  head  (Z,  d),  with 
it9  two  tentwula,  with  their 


eyes  at  the  bate  {Z,  d)  fhe  mouth  between 
and  below  the  tentacuh,  from  whidi  a 

proboscis  {Z,  e)  extends, — all  these  parts 
projecting  from  below  one  of  the  mar- 
gins of  the  aperture  of  the  shell  [Z  k). 
The  margin  lying  across  the  neck  is  calle<l 
the  upper  lip  of  the  shell.  Wlicn  the  ani- 
mal comes  from  the  shell,  then  it  descends 
over  the  lower  margin  of  the  aperture,  or 
the  low^er  lip,  and  arrives  with  its  foot 
upon  a  solid  surface,  on  which  it  creeps. 
T^e  foot  (Z,  /)  thus  covering  ^e  lower 
part  of  the  body,  has  given  rise  to  thd 
name  gtuteropoda.  They  creep  upon  this 
mnscnin*  duk  covering  the  abdomteal 
surface  of  their  body,  as  you  see  in  the 
dorii,  or  in  the  common  snail. 

As  the  thickened  glandular  margin  of 
the  mantle  chiefly  forms  or  secretes  theie 
calcareous  substances,  they  must  neces-* 
sarily  assume  a  form  very  much  depend* 
ent  u]M)n  that  of  the  margin  of  the  man- 
tle, whicli  is  the  most  variable  as  well  as 
influential  part  of  their  form.  Holding, 
therdbre,  this  shell  of  the  kuednum  {A*) 
as  it  is  placed  on  the  hod)^  of  tlio  animal, 
you  will  observe  that  the  apex  of  the  cone 
extends  to  the  right  side  of  the  animal, 
and  that  there  is  a  canal  [A*,  a)  xepun  the 
left  'side — the  canal  which  transmits  the 
muscular  grooved  syphon  (Zt),  whicli  ia 
continued  from  ^e  margin  of  the  mantle^ 
and  conveys  water  to  the  respiratory  or- 
gans (Z  y)  placed  on  the  left  side  in  the 
open  cavity  of  the  mantle.  The  forms  of 
the  skeleton  which  are  most  common  in 
this  class,  are  those  of  the  pectim-brau« 
chiate  gasteropoda,  so  named  from  the 
pectinated  form  of  their  gills  {Zg) ;  I 
therefore  select  one  of  tlic  most  common 
forms  of  this  order,  to  explain  the  uamea 
given  to  the  different  parts  of  these  tur- 
Itinated  univalves,  and  by  selecting  the 
common  whelk,  or  Luccinum,  for  this  pur- 
pose, you  have  every  ftcili^  of  atudying 
the  structure  and  forms  of  all  the  peril  t 
have  occasion  to  describe. 

We  have  aeen  that  the  Ibrmed  by 
the  convolution  of  the  cone  is  placed  upon 
the  right  side  of  the  body,  and  that  the 
canal  of  the  shell  is  placed  upon  the  left. 
The  respiralory  canal  transmits  a  fleshy 
grooved  organ  {Z,  i),  which  is  cajiahle  of 
being  converted  into  a  tube  by  the  meet- 
ing of  its  two  margins.  This  siphon  serves 
to  draw  in  the  water,  even  when  the  rest 
of  the  animal  is  much  withdrawn  into  the 
shel].  By  extending  itself  out  throi^ 
the  candof  the  shell  {A*,  a)  placed  uiion 
the  left  side,  and  forming  itself  into  a 
tube,  it  conveys  the  water  to  the  two 
laminated  respiratory  organs  extending 
along  that  side.  The  sti-eams  of  water 
passing  over  the  respiratory  organs  meet 
with  au  impediment,  from  the  shat-end  of 
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the  maikfley  Co  thdr  fiirklier  progress  bade- 1 

wards.  The  streams  are  directed  by  the 
shut  ^sterior  part  of  the  mantle,  over  to 
the  rigbt  side  of  the  body,  'wbore  are 
I>Iaced  the  orifices  [Z,  c)  of  the  int.nstinal 
canal,  and  of  the  genital  organs.  You  ob- 
serve the  termination  of  the  oviduct  close 
to  the  anua  in  the  female ;  and  yon  ob- 
BCn'e  in  the  male,  the  male  organ  [Zf) 
originating  c  osc  beside  the  anal  orifice. 
The  streams  of  water  by  these  means  first 
aerate  the  !»ranchirp  upon  the  left  side; 
they  then  pass  over  to  the  rigbt  side,  and 
ia  "passing  out  from  the  mantle  they  assist 
in  the  expulsion  of  the  feces,  and  of  all 
the  other  matters  that  are  conveyed  into 
cavity  of  the  manlle. 

The  foot  of  rill?  ga^teropod,  in  pass- 
ing out  over  the  lower  lip,  produces  the 
smooth  appearance,  and  the  rounded 
form,  which  you  observe  the  lower  lip  for, 
the  most  part  to  present.  The  lower  lip 
thus  exhibits  the  appearance  of  a  rouud 
pillar,  fi-om  the  motion  of  the  foot  of  the 
animal  over  it  and  downwards,  in  order  to 
reach  the  solid  surface  to  creep  upon. 
That  pillar  (JD*  1,  h)  is  observed  to  extend 
through  the  central  part  of  the  whole  of 
the  spii'e,  and  is  the  axis  of  all  its  revolu- 
tions. Itformstbepart  called  the  eokmella. 
In  the  section  of  the  5>hcll,yon  perceive  the 
direction  taken  hy  the  columella,  from  the 
lower  lip  to  the  apex  (!>•,  1,  a)  of  the  shell 
That  columella  or  pillar  is  generally  solid, 
sometimes,  however,  the  revolutions  of  the 
spire  are  at  such  a  distance  from  each 
other,  as  to  leave  a  vacancy  in  the  middle 
of  the  columella.  That  vacancy  or  cavity  is 
called  the  umbilicus.  From  the  mode  of . 
its  formation,  being  a  mere  vacuity  or  in- 
terstice left  by  the  revolutions  of  the  cone  j 
at  a  greater  distance  from  each  other  than  i 
In  the  others,  where  the  columella  is 
solid,  yon  will  at  oi"!"c  perceive  that  this  ^ 
umbilicus  can  have  no  communication,  in 
any  purt  of  its  coarse,  through  the  coin 
mclln,  with  the  ca\'ity  of  the  OOnO  itself, 
which  lodges  the  animal. 

T%e  turbinated  shells  of  the  gastero- 
poda  all  begin  by  being  short  straight 
cone^  and  there  is  a  great  similarity  at 
the  earlier  periods  of  their  formation 
among  foi*ms  of  this  gasteropodous  class, 
though  aftcn%'ards  the  most  diversified. 
Changes  which  alicct  the  general  form 
take  place  frequently  during  the  earliest 
period  of  the  animal's  life;  at  other  tinio 
they  take  place  on  its  ariival  at  the  adult 
ttate.  When  the  animal  arrives  at  ma- 
turity, the  free  margin  of  the  mantle  fre- 
quently assumes  an  extraordinary  develop- 
ment. We  observe  that  the  upper  lip  of 
the  shell — the  upper  margin  of  the  aper- 
ture—undergoes at  that  pcrio  l  nl-'?  a  re- 
markable corresponding  change  ^  :>u  gi  cat 


a  change,  that  if  yon  were  to  compare  the 

young  animal  with  the  adult,  you  would 
at  Hrvt  scai'ccly  credit  that  the  two  shells 
belonged  to  the  same  individual,  as  I 
exemplify  by  this  species,  the  pterocera 
scorjno  (J5*  3,  4).  In  the  young  con- 
dition of  the  shell  you  will  observe,  that 
the  upper  Up  (B*  3»  e)  is  quite  plain, 
without  projections  or  ornament,  and  the 
apex  {B*f  3,  a)  U  very  prominent  j  at  a 
more  advanced  period  it  begins  to  present 
inequalities,  elevations  on  certain  parts 
of  its  course  j  these  several  elevations  in- 
crease as  the  shell  advances  to  matmity. 
They  now  exhibit  a  definite  Krran^en-nnt. 
They  are  observed  to  extend  outwards  as 
the  mantle  has  its  folds  devclo])C(l  in 
that  direction.  Tliey  follow  the  extension 
of  the  mantle  at  maturity,  imtil  they 
form  the  lengthened  curved  prolongations 
which  are  in  this  specimen  beginning  to 
have  their  margins  converge  closely  to 
each  other,  .so  a^  to  form  seven  tubes 
(B*4,  c).  These  tubes,  by  the  slow  re- 
treating and  shrinking  of  the  mantle,  are 
gradually  filled  up  by  successive  layers  of 
the  same  calcareous  matter  in  their  inte- 
rior, until  what  originally  was  a  scries  of 
tubes  around  the  margin  of  the  shell,  the 
u])per  margin  of  the  aperture  of  this/i/e- 
rocera,  are  converted  into  solid  processes. 
The  animal  has  arrived  at  maturity  when 
these  seven  tubes  have  reached  their  great- 
est distance  from  the  margin.  The  process 
of  filling  up  these  t\ibular  projections  takes 
place  at  a  period  of  life  past  maturity. 
Upon  observing  the  process  of  the  filling 
up  of  these  tul)es  hy  snecessive  layers,  you 
will  distinctly  hqo  that  the  mantle  had  its 
marginal  folds  gradually  diminishing  in 
their  extent,  until  it  assumed  and  passed 
through,  in  a  reversed  direction,  the  same 
series  of  devdopments  which  it  had  gone 
through  to  arrive  at  its  maximT^m,  ?n  that 
at  its  old  age  it  has  arrived  at  thsu  sim- 
plicity in  the  margins  <^  the  mantle  and 
the  upper  lip  of  the  shell,  with  \\hich  it 
commenced  its  career.  When  they  are 
thus  solid,  there  is  of  course  no  passage 
for  any  prolongation  of  fold  of  the  mavgina 
of  the  mantle,  and  none  now  exist. 

Having  thus  fornied  a  distinct  idea  of 
the  manner  in  which  these  projections  of 
thi;  jjferocpret  are  formed  and  developed,  it 
is  easy  to  conceive  what  all  the  spines  and 
processes  that  are  so  nmnerous  and  so  <fi- 
versified  in  their  forms  originally  were, 
and  how  they  grew  on  the  exterior  of  the 
shells  of  the  gasteropods.  They  originate 
chiefly  from  changes  of  the  nppcr  lip. 
You  see  this  again  illustrated  by  the  com- 
mon Hrombut  giyas,  which  in  the  earlier 
part  of  its  life  has  a  plain  upper  lip  with 
an  even  and  thin  Tu-irglii,  and  which  is  in 
the  same  directiuu  with  the  imi  of  this 
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Alt 


coavolutodand  turbiuated  cx)nc;  but  wheni  thi'owti  off  periodically  from  the  soft  parU 
it  anives  at  maturity,  the  upper  lip  is  |  of  all  portioDS  of  the  body,  it  was  ima<* 
enormously  enlarged  by  the  expansion  of  glncd  that  the  cypraea  was  cnaldcd  to 
the  margin  of  the  mantle,  aiul  produces '  f?row,  by  throwing  off  the  old  shell,  and 
this  lai'ge  lecurvetl  or  cfl'use  upper  margin  forming  for  itself,  upon  the  gurfaco  of  Its! 
of  tliedbett which  to  much  (  h  u .^^es  its  ap- '  body,  from  time  to  time,  anew  abcll,  of  the 
pcannce  on  nu  ivint^  :\t  the  adult  state,  tsamc  form,  but  of  larger  dimeusion>^.  Tins, 
Hiemostremarkabicchaugcwhich  is  pro- 1  however,  bad  never  been  seen  la  the  cy- 
ducedinthc  shellsofthegasteropodsbythe  prsea;  it  was  contrary  to  all  analogy  j  no 
development  of  the  upper  lip  at  maturit)-, '  phenomenon  of  the  kind  is  known  in 
is  tbat  which  wc  see  ia  the  animals  of  the  molluscou.s  division  of  the  animal  kit, ^M!om. 


genus  cijj>r(ta  {B*  1,  2).  It  produces  so 
remarkable  a  nictamor])ho.'?i8  in  the  ap- 
pearance of  the  shell  at  the  adult  period, 
that  former  naturalists  were  ejctremely  per- 
plexed to  explain  the  nature  and  the  mode 
of  tlic  growth  of  this  shell.  Some  ima- 
gined that  the  form  of  the  shell  was 
always  the  same;  indeed  they  did  not 
dreatii  that  tliefonn  of  the  shell  was  totally 
dilterent  iu  the  young  {li  *,  2)  and  in  the 
^ult  animal 


Observin;i»  the  important  change  t  ilV(  t- 

ed  in  the  form  and  appparnncc  of  shells  at 
maturity,  by  the  metamorphosis  of  the 
itpper  litv'  it  was  natural  to  suspect  that 
this  was  not  the  form  of  the  young  shell — 
the  fonn  which  you  see  in  the  adult* 
Upon  removing  the  upper  lip  of  the  cy» 
pra;a  artificially,  we  arrive  at  a  conical 
turbinated  shell,  with  a  distinct  apex  and 
spii'c,  directed  to  the  right  side ;  w  c  airive 
at  a  shell  with  thin  parietes,  but  dense  in 
its  texture,  and  having  the  ordinary  ttir- 
binated  form— a  form  which  you  see  is 
quite  lost  hythe  extension  of  the  upper 
lip  over  it  in  the  adult  cj/prcra  (B*  I).  It 
was  therefore  found,  that  the  difficulties 
which  had  perplexed  former  naturalists 
arose  in  the  cypraca,  solely  from  a  remark* 
able  development  of  this  upper  lip  at  ma- 
turity— a  change  in  the  upper  lip,  wliich 
..    ,  causes  it  not  only  to  be  remarkably  en- 

Assuming  that  the  fonn  was  always  1  largcd  and  thickened,  but  to  extend  to  tlie 
as  you  And  it  iu  the  adult,  assuming  |  right  so  far  as  to  conceal  from  the  siglit 
tbat  it  most  be  similar  in  the  young 'every  trace  of  the  spire  (H*,  2  a).  lathe 
state,  they  rndcavoui'ed  to  account  for '  adult  state  of  the  cypi'sja,  j  ou  see  no  trace 
its  growth  in  the  ordinary  maimer,  by  |  of  epidermii  covering  the  exterior  of  the 
the  addition  of  lay^  after  layer  to  the  an-  shell.  In  the  specimens  before  you,  yehkh 
terior.  It  was  easy  to  perceive,  however, '  appear  so  polished  and  beautifully  colour- 
that  from  the  narrowness  of  the  aperture  ed  and  shining  on  the  surface,  no  artifice 
of  the  shell  in  the  adult,  it  was  impossible  |  whatever  has  been  used  to  produce  that 
Ibrit  to  grow  in  that  manner,  if  this  was  appearance;  they  are  precisely  as  they 
its  form  through  life.  IVo  explanations [  were  taken  from  tin"  bottom  of  the  sea 
were  had  recouisc  to,  as  it  was  obvious  i  with  the  living  animal , 
that  the  addition  of  fresh  layers  to  the!  In  observing  the  development  of  tho 
narrow  margins  of  the  she  ll  would  soon  upper  lip  of  the  shell  in  the  jf/rom^f«*  ^i^iwr. 


close  up  the  aperture  that  was  abandoned. 
It  was  therefore  supposed  that  It  was  an 
organised  shell,  and  that,  being  permeated 


you  will  perceive  that  it  presents  a  beau* 
tiful  rose-coloured,  smooth,  shining  sur-> 

face,  which  has  a  tendency  to  turn  ?i:u  Ic- 


by  vessels,  it  grew  iu  all  parts  like  the  wai'ds  over  the  rest  of  the  shell.  Were 
bones  of  Tertebrated  animals,  and  en*  I  this  expansion  and  reversion  of  the  upper}. 

larged  as  the  animal  culaii'cd  which  it  lip  to  go  on,  and  to  a  great  extent  (to  n 
endosed.  Upon  examiuiug  the  texture  of.  much  greater  extent  than  ever  it  does  iu 
the  shell,  however,  it  was  seen,  to  be  as,  the  strombus  gigas),  it  would  conceal  the 
dense,  uay,  even  more  dense  in  its  tex- ;  apex  of  the  spire,  it  would  conceal  every 
tare,  more  compact  and  homogeneous,  than  jjart  of  the  surface  that  was  originally 
most  of  the  other  slielU  of  gasteropoda,  covered  by  the  cpiiici  .nis,  and  would  ac- 
This  theorjr  was  therefore  disproved  by  tually  turn  backwards  to  meet  the  lower 
observation,  and  it  was  contrary  to  all  lip.  What  therefore  was  in  tho  young 
analogy  tliat  it  sliuuld  be  an  organised  sub-,  shell  the  exterior  surface,  would  be  en- 
itanoe.  Another  hypothesis  was  had  re* ,  tirely  concealed,  and  what  was  the  inte- 
OOursc  to,  to  explain  the  mode  of  growth  rior  rose-coloured  smface  of  the  shell, 
of  the  Cjfprm.  As  the  skeletons  of  the  would  thus  be  continued  over  the  whole 
articulated  daaiea  of  animala  are  exuvia-  exterior.  That  is  what  has  taken  phico 
b!e,  as  they  can  be  tliiown  off,  and  are  iu  the  cyprteaj  the  mantle,  both  at  tte 
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Vpper  and  its  lower  margin,  is  to  much 
deirelopcd,  that  it  is  reflected  over  both 
lips,  and  over  the  entire  suiiace  of  the 
shell,  and,  consequently,  excretes  calca- 
leotts  matter  and  colouring  matter  over 
the  whole  exterior  of  the  old  shell.  The 
edges  of  the  mantle  proceed  so  far  back- 
wards, indeed,  over  the  exterior  surface  of 
the  shell,  that  they  actually  meet  at  the 
upper  or  back  part,  the  lower  margin 
Of  the  mantle  reaching  as  Ihr  as  the 
upper,  and  Aey  produce  at  their  line 
of  contact  that  coloured  and  sometimes 
grooved  Une  vhidk  yon  always  pcrorivo 
on  the  upper  smooth  surface  of  the  adult 
cvprsea,  but  never  on  the  young  shell. 
Ton,  therefore,  would  not  look,  consist- 
catijr  with  this  statement,  for  epidermis 
upon  the  surface  of  the  cypi*sca  in  the 
adult  state,  but  only  for  that  beautiful 
OOlonred  and  glistening  surface  which  you 
see  confined  to  the  interior  siurfroe  of  arast 
other  shells. 

f^milar  changes,  howerer,  are  flome- 
tiincs  effected  at  various  succc!^si\  c  pe- 
riods of  life,  by  changes  in  the  state  of 
Ae  margin  of  the  mantle.  This  is  hean- 
tifiilly  illustrated  by  this  large  specimen  of 
the  murex  {V*)*  It  is  supposed  that  as 
this  animal  arrives  at  ma- 
turity, and  its  genital  or- 
gans come  to  be  capable 
of  performing  their  func- 
^-^^  tion,  they  influence  xamA 
thcfonn  and  development 
EifV^  of  the  mantle,  and  even 
tV^  the  form  of  the  shell. 
When  the  genital  organs 
are  developing  for  the 
purpose  of  continuing  Ae  race,  flie  vital 
powers  seem,  as  it  were,  concentrated 
upon  that  function.  The  margin  of  the 
mantle  has,  thus,  less  of  the  blood  sent  to- 
unrds  it.  It  hecomefl  atrophiated  in  its 
development,  it  assumes  a  plainer  outline, 
and  as  the  margin  of  the  shell  keeps  pace 
with  the  margin  of  the  mantle,  it  assumes 
Ihc  same  plain  form.  We  observe  that 
fhe  margin  of  the  shell  here  assumes  a 
plain  onwne  at  regular  iucoeaiive  periods. 
But  Nvhen  the  fiuietinn  of  generation  has 
been  fulfilled,  and  the  whole  vital  powers 
are  concentrated  on  the  development  of 
the  individual,  one  of  the  principal  parts 
to  which  the  blood  is  directed!,  is  the 
thickened  secreting  margin  of  the  mantle, 
that  important  glandultu*  organ  which  is 
to  excrete  the  calcareous  covering  for  the 
protection  of  the  whole  body,  and  for  the 
attachmcsit  of  the  retractor  muscles.  The 
Vitality  appears  to  be  concentrated  in  that 
point.  It  shows  this  by  the  high  develop- 
ment which  it  aaamnes.  It  expands  in  a 
beautiful  fimbriated  manner;  the  margin  of 
the  shell  exteiuUi  aijid  keeps  pace  with  its 


development,  prodndi^  dl  the  befuttlM 
expansions  (C*,  d)  whidtyou  ohicrve  to 
snrround  the  upper  lip. 

The  function  of  generation  ratuming  at 
the  stated  season  of  the  year,  the  vital 
powers  are  withdrawn  again  from  the 
margin  of  the  mantle,  which  assumes  the 
simple  form  it  had  before,  and  thus  we 
find,  alternately  produced,  the  series  of 
transverse  elevated  folds  (C*,  6,  c,  which 
we  oheerve  at  determinate  intervals  on  the 
exterior  of  all  the  revolutions  of  this  ele- 
gant rose-lipped  murex.  It  is  thus  also 
tint  we  accoimt  for  the  regnhtrity  of  tlieir 
transvci-j^e  direction.  Each  of  these  suc- 
cessive series  of  transverse  elevations 
must  have  formed,  at  one  period  of  the 
animal's  life,  the  vpper  lip  of  the  aperture 
of  the  shell. 

Many  of  these  shells  present  transverse 
ridges  on  the  exterior  of  thdrreviriutioni^ 
so  closely  arranged  that  we  cannot  refer 
them  to  any  annual  revolution  in  the  eco- 
nomy of  the  animal,  without  assigning  it 
too  great  a  longevity,  and  too  slow  a 
growth,  as  you  observe  on  tiie  surface  of 
niese  hmjw.  The  parte  of  the  toxhinaldl 
shells  which  are  in  contact  with  the  living 
animal,  are  for  the  most  part  liable  to  con- 
stant change  of  foi-m,  sometimes  fixMn  tho 
addition  of  new  deposits,  and  sometioMa 
from  the  removal  of  the  old.  In  many,  as 
you  will  observe  by  the  sections  of  the 
kearpOf  the  doJiwN,  an<l  the  cyjiraa^  the 
inner  surface  of  the  shell  has  suffered  no- 
thing by  being  in  contact  with  the  living 
I>arts;  the  striae.  Hie  prominences,  and 
even  the  colouring  matter,  which  were 
originally  ou  the  outer  surface,  have  pre- 
aerred  nieir  appearanoe  thwHughoul  the 
wholiB  of  the  iviterior  of  the  revolutions. 
These  ihdls  have  grown,  in  fact,  solely  by 
Ae  rvrolntimi  of  ^  wide  upper  lip  aronnd 
an  axis,  and  such  shells  as  thus  exhibit  no 
change  on  the  lower  or  columellar  side 
of  the  cone  during  their  whole  develop- 
ment, have  generally  thin  parietes,  sad 
hence,  probably,  the  necessity  for  trans* 
verse  or  longitudinal  thickened  bands,  or 
enlargementaof  ttie  upper  lip  to  strengtliea 
them.  Some,  as  the  stronibvn,  add  .ow 
matter  to  the  lower  or  columellar  suriace 
of  the  hollow  oon^  aa  wdl  as  to  the  upper, 
during  their  whole  growth,  thus  covering 
over  the  superficial  colouring  matter  by 
tile  new  layers,  and  generally  presenting 
thick  parietes  through  the  whole  of  the 
revolutions,  and  a  very  thick  and  solid 
cokraaellB.  In  many  of  these  shells,  how- 
ever, where  the  wide  expansion  of  the 
upper  lip  sufficiently  covers  and  protf^cts 
the  smaller  revolutions,  the  total  weight 
of  the  shell  is  greatly  diminished,  without 
weakening  its  strength  by  carrying  for- 
ward the  calcareous  mattejr  o{thf  inner  or 
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naA  iipiriting  it  Tvietiflfor  form  presented  Kjr  iliens  of  tliia 

OB  the  exterior  sur^e  ol  tbe  last  turn  class  arc  endless,  and  present  an  interest* 

(Z)*  3,  b)t  which  idone  is  exposed  to  ing  and  important  subject  of  study  for  th« 

danger  from  external  pressure.   This  you  zoologist  and  tho  cultivators  of  geology. 


We  oWoffe  liMt  tho  nacreous  lustre  of 
many  of  these  specimens  of  hnHotix,  turOo, 
and  other  gasteropodoua  genera,  is  not 
ioferior  to  that  of  My  of  the  eoiK^iiftm 

wo  were  examining  yesterday.  The  sheila 
of  the  fresh  water  and  of  the  land  gas* 
teropods,  are  almost  dways  very  tbin-n 
|)t'lluci(l.  and  delicate,  when  we  contnujfe 
them  with  tho  massive  shells  of  marino 
'  anfmalai  wUcih  bare  more  eakaieout  mat* 
ter  at  their  disposal,  and  the  shells  of 
which  have  to  encounter  the  moving  gra^ 
(/)•  2,  3),  and  o&'»«»,  where  the  calcareous  vel  and  stones  and  rocks  of  the  ever- 
matter  of  the  shell  it  almoet  entirely  car-  |  a^^itatod  ocean.  Many  of  the  floating  gaa^ 
ried  forward  from  the  inner  revohitions  teroi)ods,  and  those  which  adhere  to  tloat- 
(/^•3,c),  and  serves  to  thicken  only  the  last- 1  ing  plants  in  tho  open  sea,  have  no  shells 
fomed exterior  tnm  ofthoooBe  (D*  3,  b).\  whatever,  and  the  tame  is  the  case  with- 
Theinner  turns  of  these  shcHs,  indeed,  have  many  which  creep  secTuely  by  a  large  ab- 
not  only  been  reduced  to  their  thiu,  tran- 1  douiiual  foot  on  the  under  surface  of  rocks 


aparen^  vltoeoas,  interior  hunina,  but 
even  that  in  maHkj  parts  has  become  per- 
forated and  ahraded.  No  such  abrasion  or 
absorption  has  taken  place  at  the  apex  of  | 


and  plante  on  Ae  ihallow  ehorea  of 

sea.  The  foot  by  whit  h  the  gasteropoda 
with  turbinated  shells  creep  on  the  solid 
rocks,  you  perceive  in  the  Hteekmm  {Zj  I), 


the  spire  (D*  2  a,  3  a)  in  the  «m«s,  where  j  ^xf^'^f is  backwards  under  the  neck  where 


the  shell  retains  great  thickness  to  protect 
the  animal  on  tlmt  side,  and  we  can  there 
best  perceive  the  changes  which  have  been 
effected  by  the  contact  of  the  living  parts 
with  the  tmorganised  calcareous  deposits. 
We  obferve  at  that  part  that  the  original 
•Bperficial  colouring  matter  has  not  been 
injvured  by  the  successive  laminated  crys- 
lino  layers,  whicih  have  troen  nieces 


it  is  continuous  with  the  retractor  muscle 
{Zy  b),  and  is  fixed  to  the  columella,  the 
most  solid]inn»  the  pillar  of  the  shell.  Thia 
retractor  muscle  is  constantly  shifting  its 
point  of  attachment  and  advancing  idong 
the  colmndla,  like  the  creeping  of  the  ad- 
ductor muscles  of  conch ifera  along  tho 
valves.  The  foot  has  also  attached  to  it  an- 
other important  solid  parti  called  the  opem 


sively  deposited  upon  it  by  the  revolutions  culum  jn},  which  covers  exactly  the 
of  the  upper  lip  round  the  apex.  The 
thick  exterior  wall  of  these  ecne»  presents 
m  ftbroiu  appearance  in  the  fractured  s|>e- 
cimcns,  \vhich  is  produced  by  the  edges  of 
the  very  minute,  thin,  rhomboidal  lamina; 
mrhlch  compose  its  texture.  These  thin 
crystalline  lamintc  which  the  lime  has  as- 
smued  in  the  consolidating  animal  matter 
of  the  tlieD,  are  directed  from  the  outer  to 
the  inner  surface  of  the  parietes,  the  direc- 
tion best  calculated  to  give  strength,  and 
the  sucoesiive  layen  whidi  compoee  these 
thick  parietes  have  their  lamina;  a  little 
inclined  from  the  straight  linc»  so  as  to 
present  zig-xag  lines  in  the  fibrous  tex* 
tore.  In  some  of  the  turbinated  shells  of 
gasteropods,  the  turns  of  the  cone  mount 
over  the  top  of  the  projections  they  en- 
counter on  the  surface  of  the  former  tum^ 
without  in  the  least  altering  the  project- 
ing laminse  by  tho  contact  of  the  living 
pitte,  ftt^ov  peroeive  in  this  «catorra,  where 
^0  tnooessive  turns  of  the  spire  scarcely 
tondi  each  other.  In  the  vermetu*  the 
tocna  of  tiM  eotto  are  at  a  disfeanoe  from 
other,  like  the  turns  of  a  serjwia 

ig  Uifi  ]ce4-biooM  weniVi  iiut  the 


aperture  of  the  shell  {A*)^  when  the  ani- 
mal haa  withdrawn  itself  faito  tfie  inlethw. 

This  operculum  is  sometimes  strong  and 
calcareous,  sometimes  homy  and  elastic, 
and  often,  partievbol^  in  the  land  and 
fresh-water  species,  it  is  entirely  wanting. 
It  presents  spiral  lines  on  its  surface, 
which  maik  the  limits  of  the  succe^istve 
layers,  by  which  it  is  formed  like  the  shell 
itself.  The  hybernatiug  species,  like  the 
snails,  which  w  ant  au  operculum,  close  up 
the  aperture  of  their  shell,  when  they  re- 
tire to  their  w  inter  slumber,  with  a  thick 
deposit  of  calcareous  matter,  called  an 
epiphragmttt  which  k  not  eomiected  ivith 
the  muscular  foot,  like  the  true  operculum, 
but  only  with  .the  smerture  of  the  shell; 
so  Aat  the  operenlmn  ii  like  the  lia*^ 
valve  of  an  oyster,  or  of  a  r/iyphaa,  and  it 
attached  and  used  in  the  same  manner. 
The  operculum  is  a  permanent  part  of  the 
animal's  alnatan^  hot  the  tpipkrmgma  ia 
only  temporarjy  heing  broken  up  and 
formed  anew  each  Mason.  lu  auuy  tea* 
taceous  gasteropoda,  where  the  muscuiar 
foot  extends  o\er  tho  whole  altdomiual 
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haliotiSf  the  chiton,  and  serves  to  fix  the 
animal  to  the  surface  on  which  it  creeps, 
H  ii  obvious  that  an  opercolnm  it  unne- 
cessary, and  could  not  exist ;  the  rock  to 
which  they  adhere  is  their  operculum. 
.  Now  an  acquaintance  ^th  tbe  laws 
which  regulate  the  forma  of  all  the 
solid  parts  of  the  gasteropoda  is  of  great 
importance  in  the  study  of  conchology, 
which  is  so  intimately  connected  with 
all  the  spccidations  of  the  fTcoloi?ist  re- 
Mpccting  the  past  condition  and  the 
revolutions  of  our  globe.  Notwithstand- 
ing the  infinite  variety  of  the  forms  of 
univalve  unilocular  sliells,  we  observe 
tiie  same  plan  of  formation,  from  the  iMn 
homy  lamina  conconlod  in  the  skin  of 
the  back,  or  the  simple  hollow  cone  of  a  | 
paitlla,  to  the  most  complicated  and  ele- 1 
gant  forms  of  the  turbinated  and  ramified  < 
muricet  (C  *)  j  so  that  wc  can  more  easily 
^etemrine  the  nature,  or  trace  the  analo- 
gies of  parts;  we  can  discover  scientific  and 
uniform  characters  for  the  zoological  dis- 
tinctions of  species,  and  we  can  employ  a 
definite  and  precise  langtiagc  in  the  de- 
scription of  these  animals.  By  studying  j 
tiie  relations  of  these  solid  portions  to  the 
soft  parts  of  the  animals,  we  are  enabled ! 
to  dcei])her  the  structure  and  rend  the 
history  of  innumerable  past  generations  of 
gasteropods,  which  have  left  no  other 
traces  of  their  existenec  in  the  solid  strata' 
of  the  earth.  By  observing  the  changes  I 
which  the  same  shell  rnideiToes  at  dif- 
ferent periods  of  life,  and  the  laws  which  j 
regulate  them,  we  discover  new  physiolo- 
^onl  relations  of  these  unorganised  skele* 
ton^  we  obtain  numerous  data  for  com- 
pleting the  history  of  knowTt  species,  and 
important  cautious  in  the  establishment 
of  new.  These  skeletons  of  the  gastero- 
pods form  the  link  of  transition  from  the 
bivalved  shells  of  the  couchifera  to  the 
polTfliabunous  univalves  of  the  oephiJo- 
pods,  where  this  external  nnorgiinised 
form  of  the  skeleton  is  gradually  changed 
for  an  internal  means  of  support,  com- 
posed of  organised  bones. 

The  animals  of  the  small  but  interesting 
class  of/yfm^imlowtmollnsca  areoi-ganised 
to  owini,  by  the  action  of  muscular  expan- 
sions, through  the  tranquil  seas  of  all  lati- 
tudes, and,  like  the  floating  gas^teropodi 
and  HHcroscopic  cmstBcea  which  swarm 
around  them,  they  are  never  encumbered 
with  a  massive  or  heavy  skeleton.  Some- 
times, as  in  the  cUn»  of  the  arctic  and 
antarctic  seas,  there  is  no  trace  of  external 
or  internal  skeleton,  and  theii*  lengthened, 
tapering,  and  naked  bodies,  with  nume-' 
rous  long  cephalic  tentacula,  assiniilatc 
these  animals  to  the  swimming  fisb-Jike 
tan  of  the  naked  cephalopoda.  Theyl 
an  laiill  voA  delicate  miinialA  genemlly 


found  swimming  in  myriads  near  the  calm 
smrface  of  tropical  seas,  and  their  skele- 
tons, when  present,  are  always  Ught,  thin, 

pellucid,  and  of  a  homy  or  vitreous  tex- 
ture. So  that  their  deUcate  structure  is 
ill  adapted  to  encounter  an  agitated  sea, 
or  the  dangers  of  a  rocky  or  shallow 
shore,  and  it-is  only  in  the  vast  and  deep 
ocean  that  their  elegant  forms  and  colours 
and  their  graceful  motions  delight  the 
mariner's  eye,  when  the  glassy  surface  of 
the  still  sea  reflects  the  I'ays  of  the  setting 
sun.  They  swim  by  the  rapid  movement 
of  two  fm-like  expansions  extending  from 
the  sides  of  the  anterior  part  of  the  body. 
They  aro  all  aquatic  and  marine,  and  their 
branchia  are  sometimes  disposed  on  these 
wing-like  arms,  as  you  see  in  these  s]>cci- 
mens  of  the  cA'e  bvrtaH»t  an  animal  which 
often  swarms  in  such  numbers  in  the 
arctic  seas,  as  to  colour  the  siuiace  to  a 
great  extent  hy  tbdr  pcvaenoe^  and  Hiey 
form  a  principal  articie  of  food  for  the 
gigantic  cetacea,  which  abound  in  these 
latitudes.  In  the  testaceous  or  Meeotoina- 
tons  ptcro])od8,  the  shell  is  external,  uni- 
locular, univalve,  not  twisted  or  spiral 
(excepting  in  liujacina),  of  various  forms, 
and  freiierally  capable  of  containing  the 
wb((le  animal.  There  is  of  cour>e  no 
operculum  in  this  class,  where  the  tihcU 
itself  is  sometimes  a  thin,  dastie,  homy, 
or  even  menibr;iiu>us  caj)8ule,  anil  in  this 
respect  they  agree  with  many  similar 
shells  of  the  gasteropods,  and  with  the 
thin,  light,  calcareous  .'•hells  of  the  swun- 
ming  cephalopods.  Covering  the  soft, 
transparent,  gelatinous  body  of  the  cym-. 
to/te  of  PsmON,  you  observe  a  thin,  pellu- 
cid, concave,  and  cnrinatcd  shell  {E*,  b), 
covcied  with  minute  tubercles.   From  the 


wide  aperture  of  this  scaphoid  shell,  the 
animal  extends  its  broad,  membranous, 
highly  vascular,  re-piratory  fins 
by  the  motions  of  which  it  is  earrivd 
through  the  sea.  l>etw«.cn  the  basest  of 
the  onns  the  head  is  seen,  with  its  tm- 
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iMnUw  Mbet  (JB»,  c),  ita  proboacis,  and 
two  small  points  like  eyes.  The  mantle 
here,  and  in  all  the  pteropods,  is  closed 
above,  so  that  the  respiratory  organs  have 
an  external  position.  The  organs  con- 
tained vithin  t}>e  cavity  of  the  mantle 
have  a  st  ructure  very  closely  allied  to  that 
of  the  naked  hermaphrodite  gasteropodt. 
Thn  ?hell  of  the  globular  %flr^eo  terminates 
in  a  narrow  point  below,  and  has  two  long 
haUow  conical  processes  extending  down- 
wards from  its  sides.  In  the  ^lyalra  fris- 
jmw^atihG  inodlau  terminal  process  is  very 
long  and  tapering,  and  the  two  lateral  are 
remarkably  shortened.  In  the  shell  of 
the  Cuvhria  eolummlla  of  Rang,  there  is 
a  partially-formed  chamber  at  the  lower 
closed  extremity,  and  the  shell  of  erutk 
virffuia  has  the  straight  conical  form  of 
a  belcrauite,  baculite,  oi  thoceratite,  and 
many  other  shells  of  extinct  ccphalopods. 

To-morrow  I  shall  proceed  to  the  skele- 
tons of  the  highest  class  of  invertebratod 
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Employment  of  Ciijtping-Glasscs,  BliHicrSy 
&i'C. — The  observations  which  have  been 
made  ut>on  local  bleeding  apply  equally  to 
these  means  of  care  ;  'vHmtn  emi)loyed  m  the 
acute  stage,  tliey  arc  more  likely  to  favour 
congestion  tliun  tu  bring  relief:  all  similar 
remedies  arc  subject  to  the  same  objection 
and  should  ne\  cf  he  applied  except  in  the 
chronic  stage,  either  to  dissipate  a  simple 
congestion,  unaccompanied  with  pain,  or 
to  excite  the  vital  proj)ertics  of  the  indu- 
rated tissue.  For  this  latter  purpose  a 
■eton  may  be  drawn  throngh  the  afklomi- 
iial  [taiietes,  a  little  inside  the  anterior- 
su]>erior  spine  of  the  ileum,  or  a  inoxa  or 
cautciy  applied  to  the  lateral  and  inferior 
parts  of  the  spinal  column:  but  in  some 
nervous  women  the  general  imtation 
which  they  produce  counterbalances  tho 
advantages  otherwise  resulting  from  them. 

Compi'Msion —fe  aa  advaDtaMOiii  means, 
but  difficult  to  manage,  ana  requires  a 
perfect  appreciation  of  its  indications.  A 
liessarjTt  ea  Allfteyiicl,  into  whkdi  die  neck 

of  the  uterus  descend:-,  becomes  com- 
presseil,  has  been  rccuiiiuiauded  for  chro- 


nic engorgement  of  the  utOTUS.  But  we 
should  be  \\  ell  convinced  that  there  esista 
no  irritation  of  the  vagina,  bladder,  or 
uterus,  which  would  be  aggravated  by  the 
presence  of  Die  foreign  body.  We  may 
lay  it  down  as  a  general  rule,  that  when 
any^  pain  exists,  conjpressiou  should  be 
avoided;  or  if  the  pessary  when  applied 
exeites  fever  and  pain,  it  should  he  ie> 
moved  at  once. 

Medicated  Drinit,  ^e.— In  the  acute 
stage  of  uterine  affections,  we  prescribe 
emollient  drinks  in  ahundauce :  duringtho 
chronic  stage,  decoctions  of  f»oap-\vort, 
dock,  or  scal)iosa  vulgaris,  or  the  express- 
ed juices  of  these  plants  may  be  used  if 
the  digestive  organs  will  bear  them  We 
'  uiay  also  have  recourse  to  iodine  in  these 
cases  with  advantage,  to  dcuta  and  other 
similar  preparation  s ;  but  we  should  watch 
over  the  state  of  the  digestive  organs  with 
the  greatest  care,  for  freqaently  there 
exists,  with  the  disease  of  the  uterus,  a 
gftstro-eutcrite,  sometimes  lattnt,  or  somc» 
tiroes  so  pronounced  that  it  diverts  the 
attention  of  the  physician  from  the  prin- 
cipal malady.    In  these  cases  resolvents 
i  aic  dangerous  remedies.  How  often  have 
I  patients  labouring  under  incurable  dis- 
ease, but  who  might  havo  li\-e(l  for  a  loncj 
time  in  tranquillity,  fallen  victims  to  active 
praparations  administered  by  empirics!  1 
have  ?o  g^reat  a  dread  of  this  complication 
with  gustro-enteritc,  that  I  do  not  dare  to 
administer  la^tfttives  by  the  mouth.  There 
is  less  danger  in  einployinjj  discutieut  fric- 
tions with  the  hydriodatc  of  potash,  mer- 
curial ointment,  &c.;  but  we  should  al- 
ways wait  for  the  chronic  pwiod,  lc«t  the 
inflammation  may  be  increased.  Finally, 
a  word  on  cicuta.    It  is  employed  as  a 
nai'cotic  and  discutient,  and  the  extract 
generally  is  preferred.   But  there  is  no 
remedy  so  impure :  roost  apothecaries,  in 
preparing  theae  extracts,  CBrbonixe  ^e. 
material  and  render  it  useless ;  I  therefore 
prefci-  the  powder,  giviug  at  first  a  grain, 
then  two  after  fiileen  davs,  and  gradually 
augmenting  the  dose  to  four  or  five  ;^vluiis. 
Sometimes  it  occasions  a  little  \>ain  in  the 
throat  and  some  diarrhoea ;  on  the  appear^ 
ance  of  these  symptoms,  it  should  lie  sus- 
pended at  once,  and  nil  ofir  Cruo  (liiccted 
to  prcveut   gastro-cutuniu  irum  being 
developed. 

OP    SUB-IKPLAMMATION,    WITHOUT    SN- . 
LAttGlfiHBNT,  OP  THS  UTBBITS. 

We  are  fix'quently  colled  upon  to  attend 

females  who  experience  smart  pain  in  the 
uterus  J  standing  erect,  the  least  exercise 
on  foot,  or  in  a  carriage,  fatigues  them  cx- 

cessivcly ;  coition  is  always  cx-cc's:-ively 
painful}  they  fed  a  sensation  of  smart- 
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ingy  burning  pain  in  the  pelvi;^,  if  the 
womb  were  ou  fire  j  tbo  abUoraiiii  is  tu- 
mid, aad  there  i»  weight  abpiit  the  flanks 

au<I  iliac  regions.  The  cxcretioa  of  fec^s 
oftou  caiiset  ^aui,  on  aixouutof  thec&»rte 
it  ocoeriimt.  tlie  woman  leeb  at  if  she 

had  aome  foreign  body  which  wanted  to 
cscajte  ;  however,  there  is  no  {irocideatia, 
01-  dcviatioa  of  the  uterus;  menstruation 
is  regular,  and  there  is  no  other  discharge ; 
the  pain  is  sometimes  remittent,  but  most 
often  intemiittent ;  if  we  "touch"  the 
woman  in  this  state,  we  And  the  os  uteri  a 
]\*f]c  more  dilated  than  is  natuml,  but  the 
volume  and  consistence  of  the  uterus  are 
notdmnged.  The  specidttm  does  not  dia- 
cover  any  ulceration  of  the  neck,  but  its 
introduction,  or  even  that  of  the  finger, 
causes  pidn.  This  aflbetkm  Is  often  re- 
gartlod  as  depending  on  the  peculiar  con- 
stitution of  the  iemale,  and  is  purely  ner- 
vous; some  palltaitives  perhaiis  are  pre- 
scribed, and  the  disease  goes  on  increas- 
ing. But  supposing  it  to  be  a  simple  ner- 
vous afiectiou,  docs  it  the  Icsiis  re(|iurc 
treatment  ?  Do  we  not  often  see  a  san- 
griiiieons  congestion  determined  in  other 
organs  by  neuralgic  pains 1  am  inclined 
to  consider  this  state  as  a  suVfaiJlammatloa 
of  tho  uterus  without  engorgement,  and 
do  not  lose  an  instant  in  applying  the  an- 
tiphlogistic and  narcotic  remedies  of  wUeh 
1  have  already  qioken. 


HYPEaTnopHv  or  the  utkrus. 

Simple  hypertrophy  of  the  uterus  gives 
rise  'to  eertun  general  inptotns  which 
we  have  already  passed  in  review;  but  we 
require  other  data,  which  are  obiefly  lur- 
nimed  by  ^e  tondbef,  to  raoognise  It 
Thus,  on  touching  the  female,  \ve  feel  an 
unnatural  degree  of  heat  in  the  internal 
surface  of  the  vagina,  and  at  the  neck  of 
the  vtenis,  whicb  is  ^ways  very  sensitive, 
much  more  so  than  when  in  a  state  of 
scirrhus,  and  it  gives  to  the  iingcr  the 
same  sMisation  as  when  it  contains  an 
embryo  of  four  or  six  weeks.  In  fact, 
prsgaaacy,  attracting  towards  the  organ 
a  qnantl^  of  the  fluids,  gleei  fise  to  a 
physiological  hypertrophy,  which  ser\'^ 
as  a  guide  to  discover  the  morbid  one. 

If  we  would  give  by  comparison  the 
idea  <rf  the  sensation  which  the  finger  ac- 
quires under  these  circumstances,  we 
should  say  it  resembles  that  produced  by 
a  lipoma,  by  the  mamma  of  a  young  fe- 
male who  has  died  suddenly,  or,  finally, 
the  sensutiun  giveu  by  a  body  cx>uiprettsi- 
ble,  though  resisting  and  elastl<v  ^'ith 
somctbiiig  of  a  spongy  feci.  The  engorge- 
ment may  exist  in  tiie  neck  and  body  ol 
the  uterus  at  Uie  same  time,  or  in  one  of 
thete  parli  iep«ntely>  but  never  iiolated, 


'  so  as  to  present  knots  Hkc  scirrhus.  In 
I  all  cases  the  weight  of  the  organ  is  more 
or  less  angraenlea.  Heve  a  veiy  import- 
ant qncHtion  presents  itsolf  for  discussion; 
the  augmented  weight  of  the  uterus  drags 
and  fiutiguee  the  hread  hgaments  whi^ 
have  lost  their  elasticity,  and  are  disposed 
:  to  yield  to  the  weight  of  the  organ. 

Hence  it  follows,  UuU  evory  engorge- 
ment, whatever  he  it»  natiwm,  is  always 
accoTopanied  hy  a  more  or  less  niarked 
l^roiapstis  ol  the  uterus;  and  as  the  latter 
is  the  consequence  of  Uie  former,  our 
remedies  should  be  rVu  et  ted  against  the 
engorgement.  I  can  assure  you,  from  ex> 
fMTienes,  that  in  a  vast  m^|crlty  of  cases, 
by  so  doing,  you  will  restore  the  uterus  to 
its  natural  posttbn.  1  insist  Ute  more 
particularly  on  this  point,  Mid  d^vet  your 
atleution  to  it,  becau!^e  a  contrary  prac- 
tice is  almost  (miversally  followed,  and  the 
procidentia  alone  attended  to,  being  attri- 
buted to  a  weakness  or  relaxation  of  the 
broad  ligament.  I  do  not  mean  to  deny 
that  prolapsus  may  not  exist  without  en- 
gorgement, but  the  case  must  be  ex- 
tremely rare,  for  in  the  great  number  of 
diseased  affections  of  the  uterus  which 
have  fallen  under  my  eare,  I  have  not  yet 
met  with  a  single  example.  Besides,  the 
ut^io,  even  when  healthy,  is  easily  dis- 
placed during  any  eoQSide«nble  effort. 
Thus,  when  the  speculum  is  fixed  and  sup- 
ported by  the  finger,  if  we  desire  the 
woman  to  malte  an  effort,  the  instrument 
is  expelled  with  force,  and  the  neck  of  the 
uterus  descends  sometimes  within  nn  iiu  h 
of  the  extei'nal  orifice.  On  this  account 
we  should  lie  careftd,  in  cases  of  engorge- 
ment, to  recommend  the  woman  not  to 
make  any  effort  when  she  goes  to  stool, 
and  to  employ  lavements  constantly,  lest 
thr  procidentia  determined  at  tbe  tfame 
may  persist. 

We  are  not  to  confrand  simple  hyper- 
trophy  of  the  uterus  with  a  com  lifi  n 
which  is  far  dillerent.  Tliis  is  an  extreme 
softening  of  tile  tissne  of  the  organ, 
which  gives  way  under  the  pressure  of  the 
finger,  like  a  rotten  apple ;  it  is  no  longer 
firm,  elastic,  and  spongy,  but  feels  like  a 
pultaceons  substance,  or  almost  like  s 
fluid,  and  the  tissue  is  reduced  to  a  brown* 
red  decomposed  jcUy. 

This  state  of  the  nteras,  wUdi  hat  been 
called  occult  mucer,  is  sometimes  accom- 
panied by  a  superficial  ulceration,  and 
sometimes  excites  singly.  The  diagnosis 
is  here  nf  thr  c^rrnr*  *t  importance,  for 
simple  hypertrophy  does  not  require  an 
operation,  while  oecuH  cancer,  rapid  in 
its  march  and  mortal,  leaves  no  other 
choice  than  the  complete  removal  of  the 
diseased  parts.   To  the  di/Terences  aU 


Digitized  by  Google 


THE  LANCET. 


Vol.  L] 


XiONDON,  SATURDAY,  DECEMBER  26,  ibJJ. 


[1833-34. 


(rmrsRsiTV  of  lonhon. 


LECTURES 

COMPARATIVE  ANATOMY 
AND 

ANIMAL  PHYSIOLOOr, 

DILIVBRXB  BY 

ROBERT  £.  GRANT,  M.D.,  F.R.S.E., 

&C.3 

Fellow  6f  Ihfl  Hoy.'  Colt  of  Physicians  of  Edin. ; 

and  PrDfissnr »it'  CiuiipaialivL-  Anfitmny  and  Ani- 
mal Fbjrsiolofy  iu  tUe  Uutvcnity  of  Lua-lua> 


LECTURE  XI. 

ON    TUB    ORGANS   OF   SUPPORT  OF 
THE  OEPKALOPODOUS  MOLLUSC  A. 

The  skeletons  of  the  ccphalopods,  tlie 
liighcst  of  the  invertebratcd  classefs,  pre- 
sent much  greater  variety  of  form,  and 
characters  which  are  more  interesting, 
than  we  find  in  any  of  the  other  moHus- 
C0U8  classes,  chiefly  on  account  of  the 
circuiDBtance  that  we  here  trace  the  gra- 
dual disappearance  of  the  exterior  unor- 
ganised shells  of  inferior  animals,  and  the 
coniinciictng^  development  of  the  internal, 
organised,  osseous  skeleton  of  the  vertc- 
brated  classes.  There  are  no  sudden 
transitions  in  the  development  of  import- 
ant parts  and  systems  of  organization, 
when  we  discover  the  various  stajres  of 
their  development,  and  the  order  foUowed 
by  nature  in  their  formation.  As  we  find, 
in  the  class  of  fishes,  remains  of  the  ex- 
ternal shells,  in  the  form  of  calcareous  t 
sodes,  or  plates,  or  solid  s|>incs,  so  we ' 
f  rid  ill  the  cej)halopods  the  first  soft  car- 
tilaginous  rudiments  of  the  vertebral  co- 
lumn, which  lead  ns  gradually  to  the  still- 
imperfect  condition  of  that  central  part  of 
the  osseous  system  which  is  met  with  in 
the  myjrtme,  the  lmnprej/9,  and  othen  of 

No.  d39. 


the  lowest  cartilaginous  fishes.  But  it  is 

very  obvious  that  the.  organs  of  support 
serve  the  same  puipose,  whether  they  he 
deposited  in  the  interior  of  the  soft  parts, 
or  thrown  out  upon  their  surface,  and  the 
distinct  nature  of  the  organised  and  unor- 
ganised skeletons  is  shown  here  by  the 
simultaneous  existence  of  hoth  in.  the  ce* 
pbalopods. 

Tn  the  fesfaceoujt,  or  lowest  forms  of 
this  class,  the  shells  appear  in  the  form  of 
cones— sometimes  straight,  aft  in  belem- 
nifes  (I*  4),  baeuliten  [I*  2),  orthocerO' 
titen  (G*),  or  C!irved,  ns  in  hamites  and 
»caphife»,  or  convoluted  and  orbicular,  as 
in  these  recent  shells  of  thenauHhit  {F*  2) 
and  xpirula  {H*  1),  or  turbinated,  like  the 
shell  of  a  gasterojMod,  as  in  these  fossil  tur- 
rilUea  t/*3),andni manyof theminutefora- 
minilV  1 1  iir>-  camera,  or  with  the  chambers 
compressed  into  a  straight  calcareous  dor- 
sal lamina,  as  in  the  tepia  (F*  1).  In  many 
of  the  recent  foi-aminiferous  cephalopods, 
the  shell  is  internal,  polythalamous,  thin, 
and  homy,  and  in  others  the  imperfect 
division  of  the  chambers  approaches  to 
the  delicate,  horny,  internal  shells  of 
the  pterupodn  we  were  examining  yester- 
day. Sometimes  the  chambers  commu- 
nicate by  a  prolonged  calcareous  sijjhon, 
sometimes  by  one  or  more  simple  fora- 
mina in  the  partitions.  The  shells  of  this 
ela.ss  are  sometimes  placed  on  the  outer 
surface  of  the  mantle  as  in  the  nautilus, 
but  most  frequently  they  are  covered  hf 
that  i>art  as  in  the  foraminifcrous  genera, 
and  in  the  larger  naked  decapods,  loliyo, 
loUyopsis,  sepiola  {K*  1).  The  shells  of  these 
swimming  moUnsca  are  always  thin  and 
llf^ht  v.hen  compared  with  those  of  the 
creeping  gastcropods.  They  are  some- 
times hard  and  calcareous,  as  in  the  nauti- 
lus and  sepia,  and  often  thin,  diaphonous, 
elastic  Inmime}  but  they  never  contain  a 
trace  of  phosphate  of  Hme,  only  carbonate. 
These  hollow  cones  are  generally  more  or 
less  convoluted,  as  you  observe  in  these 
recent  specimens  of  the  argonetute^  the 
stpinda,  the  nautilus  pompilius.  a  very 
different  appearance  is  presented  in  the 
cone  <^thefiffti/tlift  (^2)  from  anything 
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yon  meet  with  in  the  conei  of  tbo  gastero- 1 
|K)ds.  It  forms  interually  a  series  of  distinct  j 
chambers  (F*  2,  c),  thus  composing  what ; 
is  called  a  multilocular  or  polythalamous 
shell.  The  body  of  the  animal  is  contained 
in  the  last  formed  of  these  chambers  (F*  2,a), 
which  is,  therefore,  much  larger  than  any 
of  those  that  precede  it.  These  chambers 
are  formed,  apparently,  by  a  raising  of  the 
whole  body  of  the  animal  from  the  floor 
of  the  hM  chamber,  and  remaining  for  a 
timo  St  B  certain  distance  from  it,  thus 
forming  a  new  concave  partition,  the 
muscles  of  attachment  creeping  along  tlie 
surface  of  the  shell,  as  the  muscles  of  at- 
tachment of  gasteropoda  and  conchifera. 
The  chambers  are  formed  in  succession 
in  this  way,  as  you  see  in  the  polished 
sections  of  this  multilocidar  shell.  The 
term  "  polythalamous "  means  the  same 
in  Greek  as  does  '^mnltllocular  "In  Latin 
^rasnjr-chatnbered. 

F* 


These,  then,  are  thrown  out  by  the  sur- 
fiiee  of  the  mantle,  and,  a^  you  observe, 
beneath  a  tUn  deposit  of  epidermis.  On 
removing  tliis  ei)idernii8  and  the  colnm  ed 
opaque  outer  layer,  you  come  to  the  bcau- 
shining  nacreous  layer,  winch  may 
tie  observed  in  the  specimens  before  us. 
Tlicse  shells  have  the  same  texture  and 
composition  as  those  of  gadteropoda.  They 
consist  of  carbonate  of  fime,  with  animal 
matter,  formed  by  successive  deposits. 
The  chambers  commimicate  with  eacli 
other  by  a  canal  or  siphon  (F*  2,  b), 
which  passes  through  the  whole  scries  of 
partitions.  In  some  the  calcareous  matter 
of  the  shdl  actually  dips  down  tlirongh  the 
whole  of  the  chamber,  reaches  the  com- 
mencement of  the  next  funnel,  and  ex- 
tends into  it.  Such  is  the  case,  you  pei-- 
ceive,  in  this  ^irtila  {H*  3  ^  u),  <me  of 
fhe  «xittiiiff  oephalopods. 


I  This  shell,  then,  of  the  mantilus,  is  of 
j  the  same  compact  and  solid  texture,  and 

;  consists  of  the  same  calcareous  elements, 
as  we  have  seen  entering  into  the  com« 
position  of  the  exterior  shells  of  the  gss- 
teropods,  and  all  the  other  molluscous 
classes  of  animals.  It  is,  therefore,  that 
part-  of  the  skeleton  ct  this  cepludopod 
which  is  analogous  to  the  shells  of  the 
gasteropods,  and  not  to  the  iutcmal  arti- 
cidated  skeletons  which  we  find  cha- 
racteristic of  the  vcrtebrated  classes  of 
animals.  Thus,  we  obsejrve,  that  its  ex- 
ternal opaque  surface  has  the  usual  layer 
of  colouring  matter  of  the  gasteropods,  and 
a  thin  superficial  layer  of  very  thin  epi- 
dermis, like  a  varnish}  that  its  interior 
is  a  blueish-white,  nacteous  texture,  and 
not  the  loose,  fibi-ous,  organised  texture 
which  we  should  expect  to  find  were  it  at 
all  related  to,  or  the  tine  analogue  of,  the 
internal  articulated  skeleton  of  the  higher 
classes  of  animals.  We  observe  that  it 
still  envelops  the  body,  which,  in  foot, 
is  entirely  contained  within  the  last- 
formed  chamber  of  the  shell ;  this  large 
cavity,  which  is  perforated  in  the  middle 
of  the  base  by  a  siphon— a  small  liiOBcl- 
shaped  opening  that  extends  downwards 
into  the  next  chamber;  and  so  again  each 
partition  is  made  to  penetrate  tbe  next 
chamber  by  a  calcareous  funnel  or  a  small 
prolonged  opening,  until  the  whole  divi- 
sions Of  the  shell  are  gone  throngh.  This 
we  found  to  be  the  ordinary  structure  of 
the  polythalamous  shells  which  are  so 
closdy  connected  with  the  pecuHar  or- 
ganization of  the  cephalopoda.  On  look- 
ing at  these  sections  of  the  shells  of  the 
nautilus,  you  will  he  able  to  see  the  sue* 
ccssive  stages  of  the  development  of  tbe 
shell,  from  the  earliest  periods  of  life. 
You  will  distinctly  observe,  that  it  is  con- 
stituted of  smaller  and  smaller  chambers  as 
you  trace  it  backwards  {F*  2,  c);  that  at  the 
earliest  period  there  was  only  a  small  mo- 
nothalamous  or  nnilocniar  cone  which  en- 
veloped the  posterior  part  ot  the  body, 
like  the  shell  of  a  gasteropod,  to  which, 
however,  by  the  animal's  rising  a  fittle 
forward,  and  advancing  its  muscular  at- 
tachments, larger  and  larger  cones  or 
chambers  were  formed  as  the  animal  grew 
larger.  So  that  it  is  like  the  ordinary 
sliell  of  a  gasteropod  with  tlie  usual  layers 
placed  at  a  distance,  and  the  interstices 
communicating.  It  sends  down  a  blood'* 
vessel,  and  a  membranous  tube  through 
those  perforations  {F*  2,  b),  but  the  use  of 
which  is  still  amatterof  inquiry.  Although 
many  conjectures  have  been  made  as  to  its 
purposes,  no  one  has  had  an  opportunity 
of  satisfying  himself  concerning  the  use  olf 
this  penbration,  which  extends  through 

th^  itteceNtTe  partUiooi  and  tho  chamber^ 


Digitized  by  Gopgle 


m 


of  the  whole  aheU.  It  had  been  oonceive(}» 
Abd  perhlips  W9  know  of  nothing  to  con- 
titdicttlie  toppoaition  at  present,  that  the 
membranous  tube,  which  you  see  passes 
through  this  siphou  of  the  shell,  is  part  ot 
an  air  bag ;  and  that  the  animal  might  come 
to  the  surface  to  convey  fresh  air  into  the 
intei'ior  of  this  bag,  by  which  means  it 
teiglit  be  enabled  to  swim  or  float  easQy 
at  the  surface,  and  there  to  remain  until 

Slarmed,  when  by  expelling  a  quantity  of 
lie  air  it  would  sink  and  escape  from 
danger.  The  vascular  parietes  of  this 
membranous  siphon  and  lining  of  the  pos- 
terior chambers  migbt  even  aeor^e  aome 
0ueou8  fluid,  as  is  most  frequently  done 
by  marine  floating  animals,  and  allow  a 
portion  of  it  to  escape  wlien  necessary,  as 
VfHiediieiutpneumaticug  of  fishes.  Per- 
haps many  points  of  tliis  kind  may  be 
settled  by  a  more  careful  study  of  the 
mfnttte  testaoeooa  oepbalopoda  wbich 
abound  on  all  the  shores  of  Europe,  or  by 
observing  the  living  habits  of  the  recent 
species  of  nautilus  which  frequent  the 
coasts  of  Britain,  an'l  wliich  have  been 
ibund  alive  on  various  parts  around  this 
and  the  adjacent  islands.  As  this  mem- 
kranous  canal  of  the  siphon  communi- 
cates with  the  cavity  of  the  mantle  and 
^he  exterior  grooved  funucl  of  the  nautilus, 
there  is  a  free  communication  between 
these  solid  coinpartnicnts  of  this  convo- 
luted shell,  and  the  surrounding  element 
In  which  the  animal  swim^  or  wiA  the 
atmosphere  when  it  Tuouats  to  the  sur- 
face of  tfie  aea  to  float. 

The  ocMiTolutiotts  of  this  shell  are  all  in 
the  same  vertical  plane  wbich  would  di- 
vide the  animal  into  two  symmetrical 
kalves,  and  they  are  so  expanded  laterally, 
that  the  last-formed  turn  of  the  cone  con- 
ceals all  the  preceding.  In  some  of  the 
nautili,  however,  the  turns  are  exposed, 
attdtiien  they  approach  to  the  form  of  the 
ammonites  (/*,  1),  the  spirula  (//*),  and 
similar  orbiculai-  cephalopods,  where  all  the 
turns  are  distinct.  The  position  of  the 
siphon,  which  is  here  in  the  middle  of  each 
septum,  varies  in  these  convoluted  sheila, 
bang  sometimes  on  the  outer  or  convex 
part  of  the  shell  as  in  the  ammonite,  and 
sometimes  on  the  inner  or  concave  side  as 
in  the  spirula  (_H*  3,  c,  a).  Sometimes  there 
are  numerous  round  opeiiinga  in  the  septa, 
givint?  passage  to  so  many  membranous 
siphons.  From  this  structure  of  the  nau- 
tlni^  It  is  obvious  that  if  its  omvolutions 
were  uncoiled,  it  would  form  a  straight, 
lengthened,  tapering,  polythalamous  cone, 
trtth  a  Inrge  diaiAber  at  tiie  broad  open 
base,  in  wliich  the  animal  is  always  placed 
and  hxud  by  its  two  lateral  muscles  of  at- 
tafihmeot.  Now  this  straii^t^irm  of  the 
90M  if  Tery  coomuw  amon^  the  UnsU 


polythalaamis  shells  as  in  these  btknmiitt 
(/»  4),  taealTfer  (/•  2),  and  orfAee«t«lf^ 

G*  (G*),  and  it  is  easy  to  conceive 
f  the  last  wide,  large,  upper  cham* 
ber  of  these  straight  shells,  oc- 
cupied by  a  cephalopod  of  this 
kind,  which  carried  them  to  and 
fro  in  the  sea,  or  floated  with 
them  on  the  surfiuse.  "We  seer 
^^Z^  indeed  this  straight  conical  form 
ot  tlie  shell  common  among  the  existing 
light,  floating,  add  swimming  pteiopodt) 
as  the  a-eseit  and  cuvieria.  In  the  ex- 
istence of  these  thin,  hard,  calcareous 
shells  on  the  larger  testaceous  oqpkar^ 
lopods,  and  mere  homy,  pellucid,  delicate 
coverings  on  the  minuter  recent  species 
of  foraminiferous  cephalopods  which  swarm 
on  the  shores  of  all  latitudes,  we  see  an 
analogy  with  the  coverings  allotted  to  the 
quick-moving  and  swimming  crustaceat 
The  entomostracoos  and  otiier  minute 
Crustacea,  which  every  where  swarm 
through  the  fresh  waters  and  the  oceanj 
like  insects  through  the  atmosphere^  hava 
only  a  thin,  transparent,  elastic,  homy 
shell,  while  the  larger  forms  which  seek 
their  prey  at  fbe  bottom,  are  provided 
with  a  very  hard,  though  thin,  cidcareouS 
shell.  And  the  same  remark,  we  have 
seen,  applies  to  the  gasteropoda  and  ptero* 
pods,  and  all  quick-moving  invertebrated 
animals.  To  a  certain  extent,  there  is  an 
analogous  difl'erence  of  character  in  the 
livmg  organised  ikeletOBa  of  the  vertex 
brated  classes. 

Among  the  cephalopods  there  are  many 
convoluted  sheln  where  the  turns  of  the 
cone  are  not  in  contact  with  each  other,  as 
wc  saw  in  the  vermetusanA  scalaria  among 
the  gastcropods.  This  little  spiruia  {H*  1) 
is  a  shell  of  that  kind  belout^ing  to  an  ex« 
isting  cephalopod — a  ce])halopod,  however, 
concerning  which  wc  know  still  less  tbau 
concerning  the  nautilus.  The  spirula  is  a 
polythalamous  shell,  the  convolutions  of 
which  turn  on  the  same  plane,  and  are 
not  in  contact  with  each  other;  thechm* 
bers  all  commimicate  with  each  other  by 
means  of  funnel-shaped  continuations  from 
eadi  lentmn,  which  dip  downintothe  ftm^ 
nd  of  the  nekt  septum  (jH*^e;  8  e^a).  In 


the  nantilul  they  e.xtend  but  a  short  way 
(i^a^»),biitia  the  sfffaMlk  iBcy  eartena 
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from  the  one  septtun  down,  passing  tho  |  outer  surface,  covering  entirdy,  and  pass^ 
boundary  of  ttie  neott  teptam,  and  dipping  •  ing  beyond,  tb«  dond  aspect  of  iStm  skdL 
into  funnel-shaped  prolongation  of  that  Were  vre  to  remove  from  this  dnrsnl  la- 
septnm ;  so  that  upon  makini^  a  section  of'  mina  of  the  sepia,  or  the  bone  of  the  cut- 
the  Hpirula,  you  see  a  continuous  tube  of  a  tie,  as  it  is  commonly  called,  all  the  aoUd 


•dlidaaithy  matter,  with  onlf  a  slight  in 
temiption,  v  hich  occurs  at  the  part  where 
they  are  inserted  into  each  other  (/f*3,  a). 
This  shell  is  supposed  to  project  from  the 
middle  of  the  back  of  the  sj  ii  iila  I  have 
examined  the  small  mutilated  portion  of 
^e  mantle  of  the  spirala  presenred  in  the 
British  Museum  in  spirits,  nnrj  T  find  that 
the  surface  of  the  sheli  in  that  specimen 
1ms  the  siune reticulate  markings  {N*  l,fj) 
which  we  observe  on  the  small  fragment 
of  the  mantle  which  is  preserved  along 
with  it  in  the  vial.  That  appearance  would 
lender  it  probable  that,  like  the  riidle  of 
pteropods  and  foraminiferous  cephnlopods, 
it  actually  was  embedded  in  the  mantle 
wMdi  haa  given  it  the  leticolttte  mark- 
ing on  the  ytirfacc.  Were  we  to  stretch 
out  this  spirnla  into  a  straight  line,  we 
•bonld  liave  am  appearance  of  the  emooth, 
arched,  and  parallel  septa  {H*  2 ;  3  ^) , 
pr^^  much  resemblins;  the  shell  of  the 
nairtflne  atretdied  ont  m  the  tame  way. 
It  differs  in  this,  that  in  the  nautilus 
the  siphon  occupies  nearly  the  middle 
of  each  septum,  whereas,  in  the  spirula,  it 
occupies  the  interior  margin.  There  is 
another  shell  like  this,  orhicular  and  con- 
voluted on  the  same  plane,  the  amnio- 
nite,  which  has  the  siphon  in  the  op- 
posite part  to  that  of  the  spirula,  on  the 
exterior  margin  of  the  convolutions. 

Punning  the  varioiu  forme  of  the  ihdl, 
we  come  to  those  of  the  cephalopods,  in 
which  it  is  entirely  concealed  within  the 
eahstanoe  ol  the  mantle.  Yon  observe  it  is 
tiu  ill  tlie  iepia  officinaHi  TF*  1).  Itoccupies 
acavity  in  the  middlepf  thcback(J?*  If')— 
a  wide  cavity  in  the  fleehy  anhstance  of  the 
mantle.  The  muscles  which  compose  the 
mantle  are  not  inserted  into  this  length- 
ened, broad,  laminated,  fiiable,  calcareous 
mass.  It  u  a  mass  of  the  carbonate  of 
lime,  which  is  depn'^!ted,  with  condensed 
animal  matter,  in  layers,— the  first  layers 
being  those  at  the  outer  an<l  lower  part  of 
the  shell.  The  last-formed  layers  are 
those  on  the  inner  and  upper  part  of  the 
■hell. 

Inadditiontothe  carbonate  of  lime,  which 
composes  the  greater  part  of  this  shell  of 
the  sepia,  there  is  a  consldenible  quantity 
of  animal  matter,  which  is  seen  by  dis- 
aolving  the  carbonate  of  lime  in  diluted 
acids,  which  leave  the  animal  matter  un- 
touched in  the  solution,  consietiog  of  an 
agi^egnte  cf  tliiii  membranous  folds. 
There  is  a  coniiiderable  portion  of  a  dense 
elastic  stdMtHioe,like  coaguhitedaUnunen, 
which  fonm  a  itnmg  ela»tic  layer  op  the 


calcareous  matter,  you  would  only  have 
this  exterior  clastic  strong  layer,  resem- 
bling the  epidennis  of  external  enveloping 
shells ;  and  there  are  some  of  the  naked 
cephalopr  h  which  have,  in  lact,  nothini^ 
hut  this  horny  elastic  layer  left,  fonuing 
the  laat  renment  of  the  external,  nn* 
organised  skeletons  of  the  gasteropoda 
an^  other  invertcbrata.  The  form  of  this 
thin  cartilaginons  dorsal  faimina  varies  in 
each  species  of  the  naked  cephalopo<h.  It 
is  shaped  like  a  feather  in  loHgro  vuiffari$, 
more  expanded  above  in  Migopnt  ffutfatt^ 
atiliform  and  short  in  sepiola  vulgaritj  and 
wanting  or  divided  into  two  lateral  por- 
tions iu  octopui  ventrieosus. 

But  the  shape  and  the  structure  of  this 
dorsal  calcareous  rmiiiant  of  the  shell  of 
the  gasteropods,  found  in  the  mantle  of  the 
sepia,  are  interesting  in  an  anatomical  pomt 
of  view.  "N'nii  rn.n  =rr  in  the  dass  of  gas- 
teropods,  that  there  is  a  tendency  to  a 
deposition  <tf  the  solid  parte  in  the  middle 
of  the  back.  We  see  that  in  the  snidls,  in 
the  aplysia,  the  haliotis,  the  nudeo-bran- 
chia,  and  many  other  of  the  gasteropoda, 
soujc  of  which  a]»pear  to  be  naked,  but 
have  a  solid  calcareous  or  horny  substance 
within  the  skin  itself,  not  upon  the  outer 
surface.  It  is  not  at  aU  remarkable,  then* 
to  find  this  calcareous  shell  confined  in 
the  skin  of  the  back  of  the  sepia.  It  is  just 
the  part  where  we  would  expect  to  find  the 
last  remains  of  the  external  uuorganise<l 
skeletons,  from  examining  the  position  of 
the  eheUs  in  inferior  molluscous  dasaee.  It 
consists  oflfiyers  which  arc  dtpo- 

sited  as  iu  the  gasteropoda,  the  one  above 
the  other,  and  the  newest  on  the  internal 
surface.  These  layers  actually  begin  in 
the  sopia  by  forming  a  small  hollow  shell, 
which  receives  into  its  interior  another 
hollow  shell,  and  which  forms  the  second 
kver.  T!»i-s  receives  within  it  a  third 
and  a  fourth  hollow  shell;  and  ou  they 
go  on  in  the  first  stages  of  its  growth. 
There  is  a  considemblc  qur.ntity  of  animal 
matter  in  these  first- formed  hollow  shells, 
which  project  from  the  bottom  of  the  dor- 
sn!  lamina.  After  the  shells  have  re- 
mained some  time  detached  from  the  body 
of  the  animal,  rollmg  at  the  bottom  of  the 
sea,  this  projecting  cunve.i  part  is  found 
to  be  abraded,  and  you  lose  perhaps  the 
most  interesting  part  of  the  dicA.  Yott 
see  by  this,  that  in  the  embryo  state  it 
formed  a  hollow  cone  in  beginning  its 
shell,  like  the  cone  of  the  gajstcropLwU; 
but  as  the  animal  grew  up,  the  confined 
oonditionof  thoee  ooaet  in  the  dorsal  aac 
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of  the  mantle,  caused  them  to  assume  a 
flattened  form,  which  becomes  more  and 
more  manifest  m  yon  stcond  from  the 
small  projecting  convex  apex  to  the  adult 
state  of  the  shelL  The  successive  new 
layers  do  not  extend  down  to  the  lowMt 
tennination  of  the  ]irererliris:  InTntnx,  but 
always  extend  upwaiUs  beyond  the  stipe- 
liornuurgiii  of  the  la«l4bfiDed  layer;  so 
tliat  there  must  soon  come  a  period  whcu 
tke  middle  part  of  this  shell  ha«  the  grcat- 
■est  diameter,  and  when  it  is  thinner  at 
thf  upper  and  the  lower  parts.  If  you 
make  a  tnmsverse  section  ot  the  shell,  you 
will  deserve,  on  looking  at  the  cut  surface, 
that  there  are,  in  the  middle,  some  thirty 
or  forty  of  these  layers;  that  these  white 
calcareous  layers  are  at  a  visible  distance 
from  each  other ;  that  they  have  between 
them  some  small  white  fibres  placed 
closely,  and  everywhere  passing  directly 
from  the  one  layer  to  tfie  other;  so  that 
these  innumerable  crossing  fibres  hotwei  n 
all  tlie  separate  layers  of  the  shell,  pro- 
dnoe  that  spongy  and  porous  appearEnoe 
which  you  know  to  exiat  in  this  ihdl  of 
^e  sepia. 

You  have  already  seen,  that  iu  the  ex- 
ternal polTthalamoiu  ehells  the  layers, 
which  wove  at  a  greater  distance  from 
each  other,  and  which  had  the  means  of 
expanding  and  continuing  to  form  cones 
through  life,  being  altogether  on  the  exte- 
rior of  the  body, — these  layers  or  sncces- 
•fve  conee  were  pvebed  fwther  and  fur* 
thrr  from  thr  hridyof  the  animal,  as  in  the 
nautihis.  You  have  here  in  the  nautilus 
and  spiruta  communicating  from  the  one 
chamber  to  the  other,  only  one  tube  or 
siphon,  but  in  place  of  that  one  tube  in 
this  other  specimen, —  the  shell  ot  the 
sepia,— we  find  that  these  amall  white 
fibre",  >vhich  cross  from  the  one  septum 
or  layer  of  this  flat  shell  to  the  other,  are 
«o  many  mfaiute  calejreoita  tobet.  tliere 
are  thonsnnds  of  th«'?f^  ininute  tubes  or 
siphons  pasbing  through  all  the  partitions 
of  the  eheU  of  the  sepia,  and  there  are 
nf'trn  rtmny  communicating  perforations 
in  the  septa  of  foraminiferous  species. 

It  U  mtereettng  to  consider  the  atnic^ 
turc  of  this  shell  with  relation  to  the  ex- 
isting and  the  instinct  fortnsof  the  cepha- 
lopods.  You  will  observe  that  it  occupies 
the  middle  of  the  back,  and  in  such  a  man- 
ner, that  if,  like  the  little  s])inila,  it  had 

gushed  its  successive  cones  from  a  cavity 
I  the  hack,  the  Artt-formed,  the  central 
rny.r  nt  the  (l!«k,— v.onlr]  have  been  that 
projecting  at  the  outer  and  lower  part  of 
the  ahell  of  the  eepia.  The  coamx  hol- 

]nycrs,  like  coiios,  continiiinff  thus  to 
extendi  outwards,  and  with  an  oblique  di> 
feetfoui  taming  tm  the  eamo  vortloal  planoi 
wDiiiil  hif  e  mnad  a  eonvolutad  mhoibl- 


cnlar  shell,  like  that  of  the  amTftotlite  or 
the  nautilus.  Where,  then,  in  this  sm)  cdrt-* 
voluted  iheU  of  Mie  lepia,  would  havd 
been  the  convex  outrr  border  of  the 
shell,  or  the  upper  lip,  with  relation  to 
the  rest  of  the  hody  of  the  sepia? 

The  se])ia  would  have  looked  forwards 
over  the  spiro  from  the  last- formed  cham- 
ber, which  we  may  suppose  to  have  en- 
veloped the  whole  trunk  of  the  animal.  It 
would  have  looked  from  the  chamber  for- 
wards, over  the  columcUar  Hp,  keeping 
the  exterior  convex  partof  the  chamber  or 
the  upper  lip  extending  across  its  back,  as 
in  all  other  known  orbicular  shells  of  pte* 
ropodous  and  ga!<teropodous  mollusca* 
The  shell  of  the  sepia  has  its  layers  dis-* 
posed  as  you  observe  here, — the  smalls 
and  first-femed  at  iSie  cmter  and  IdWei^ 
part,  and  the  sncrrs<jive  layers  deposited 
within,  extending  upwards;  so  that  if  yon 
eoald  nncon  thoee  revolntlons  .of  the 
shell  of  the  nautilus,  and  then  press  the 
apex  towards  the  base,  you  would  bring  all 
these  septa  nearly  into  contact  with  eacAi 
other,  and  you  would  produce  a  flattened 
polythalamons  shell  like  that  contained  in 
the  dorsal  sac  of  the  sepia,  where  the  shell 
you  perceive  is  quite  traoonncctcd  with 
the  muscular  parts  around  it.  So  that 
there  appears  to  be  a  very  close  analogy 
in  the  nature,  and  probably  also  in  the  po^ 
sition,  of  these  two  shells,  vhich  are  the 
most  remote  each  other  in  their 

outward  form. 

The  exact  poMtlm  (  f  tin  animal  in  the 
recent  nautili,  spiriilic,  an<l  other  poly- 
thidamons  spiral  shells,  although  import* 
ant  in  the  interpretation  of  the  fossil  forms, 
has  not  yet  been  satisfHCtorily  observed  by 
naturalists.  In  our  present  uncertainty, 
therefore,  regarding  the  position  of  the 
lirhiir  cephalopoda  in  these  convoluted 
shells,  we  can  only  be  guided  by  analogy; 
and  tiiese  are  the  analogies  of  stntcture 
w  hich  T  have  I  n  i  l  before  you.  You  can  also 
derive  analogies  from  what  we  have  al- 
ready observed  in  gasteropods  and  ptero- 
pods.  You  have  a  specimen  before  you  in 
the  class  of  gasteropoda,  of  a  shell  which 
revolves  upon  the  same  plane,  in  the  com- 
mon planorbis,  which  abounds  in  e\'ery 
stagnant  pool  around  London.  When  this 
animal  extends  itself  from  the  shell,  you 
will  ohserve,  that  the  free  margin  of  the 
aperture,  or  the  upper  lip,  rests  over  the 
neck  of  the  animal.  In  extending  out- 
wards its  foot  to  creep  on  the  solid  snr« 
face,  it  extends  itself  in  Kurh  a  manner 
that  the  head  with  its  teutacula  ex- 
tends from  nnder  the  outer  or  superior 
convex  margin  of  the  shell,  and  that  its 
abdominal  surface  is  towards  the  inferior 
or  cohtmellar  margin.  Ftom  an  eocami'- 
iiatioii  of  liiis  oii€iimifeuiee^  which  toaiin* 
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roon  to  all  other  tcstacpous  gasteropods. '  Mbckkl,  and  others.  They  are  light  thin 
and  from  seeing  that  the  liinaicina  and  sheila,  which  could  enable  the  animal  to 
Other  pteropods  have  the  tMne  rdation  to  |  come  to  the  raHtoe  of  the  tea,  like  thoso 
their  shells,  we  have  the  stnicturnl  evi-  of  the  cxistinof  testaceous  cephalopoda,  and 
denoe  confirmed  by  all  known  aualogiea ;  they  required  such  dense  light  shells,  that 
of  ilmilar  fiDmif,  and  we  can  thus  f<npni »{ th^  might  rim  in  the  water  to  expatiid 
conception  of  the  manner  in  which  the  their  tentacular  memhranes  at  the  surface 
Umg_  aniracds  were_ disposed  in  aU  these  of  the  ocean,  for  the  purpose  of  getting 


rtroaikable  fanna  of  ^ahettaof  tibece- 
phalopods  widi  whidi  ve  an  fnaOine  in 

a  fossil  state. 

The  ammonite  (/*  1)  is  a  well-known 
orbicidar  |K>lythalamous  shell,  like  that 
of  the  nautilus,  the  spiiiila,  and  many 
other  cephalopodous  shells  I  have  shown 
you,  1li«refbre  we  can  trace  this  poly- 
thalamous  character  from  the  flat  internal 
dorsal  shell  of  the  sepia  down  to  those 
IM1»  tikin,  oonvolnlecl  shdh  of  tiie  am  - 
monites.   In  the  ammonite,  however,  you 
will  observe,  that  in  place  of  the  parti- 
tkms  passing  in  a  regular  arched  manner 
so  Hs  to  bound  the  chambers  (I*  \,b)  by  a 
smooth  concave  surface,  the  margins  of  the 
partitions  pass  in  the  most  irregular  zigzag 
manner  (/*  1,  a).   That  is  marked  by  the 
heatuiful  zigzag  Vines  which  you  observe 
upon  the  exterior  surface  of  all  tliesc  casts 
off  aiBiiionilet»  which  are  ao  abundent  in 
the  older  rocks,   where  the  calcareous 
layers  of  the  thin  original  shell  have  en- 
tirely disappeared,  and  where  yov  have 
only  the  exact  cast,  as  ia  usually  seen  in 
these  fossil  cepbalopods,  of  its  internal  ca- 
vitfleft  in  aaMidrocic.  Were  all  the  COB*  I 
necting  calcareous  matter  removed  from 
the  septa  of  this  ammonite,  as  the  exter- 
nal aheU  it  afanoet  entirely  gone,  these 
chambers  would  be  quite  detached  from 
each  other,  and  only  held  in  contact 
Ipoieljr  hy  these  terrated  and  dove-tailed 
kindt  of  margins  of  the  chambers;  and 
some  upon  looking  at  them  in  tbi»  loose 
&ud  detached  condition,   have  thought 
fhem  the  vertebral  cohunnt  of  terpente 
coiled  up,  and  all  these  separate  casts  of 
the  chambers  as  so  many  detached  verte- 
bras, which  thejr  temewhat  reaemhie.  Iliete 
isolated  ammonite  chambers  {1*1,  b)  have 
all  a  small  portion  of  the  general  curva- 
tnre,  their  inner  margin  it  ihorter  than 
the  outer,  a^d  t!icy  have  all  that  zii^/at^ 
opitline  which  we  see  in  the  chambers  of 
the  aromonite^  hut  not  in  Tertebne.  The 
siphon  passes  along  the  outer  side  of  the 
margin,  which  is  another  means  by  which 
you  can  obviously  recognise  these  de- 
tached chambei-s  of  Ae  ammonite.    It  is 
probable  from  nnalotry,  and  from  the  mag- 
nitude of  the  last  chamber,  that  these 
eponnous  ammonites  and  the  other-  ex- 
tinct polythalamous  shells  which  resem>)le 
them  were  external,  like  the  nautilus,  and 
not  interaalthaiktaayonwiU  iodHatad 
iff  nmat  nelwialiahii    Bar****  CimuL. 


their  hnd,  or  air  far  floating,  or  far  hetler 


These  ammonites,  which  are  entirely 
extinct  animaU,  are  found  in  our  own  lati- 
tudes of  a  magnitude  equal  to  a  cait 
wheel.  They  far  exceed  in  magnitude^ 
though  occurring  in  our  own  cold  lati- 
tudes, any  Uiing  known  of  the  tcttaceout 
ceiAalopods  on  the  face  of  the  earth  at 
present  in  the  hottest  regions  of  the  ocean. 
You  are  not  to  conceive,  that  in  those 
enetmoos  renmina  of  this  animal,  which 
3  0U  observe  in  museums,  that  you  are 
iookiug  actually  upon  the  taataceous  co« 
irering  of  the  cephalopod  that  inhabited 
them.  The  original  testaceous  thin  co- 
vering from  such  a  specimen  as  thii  l^rgQ 
ammenite  before  yon  hat  been  entire )y 
removed,  and  you  have,  as  usual  in  these 
delicate  shells,  a  cast  of  its  int^oj:  only 
preserved  (/*  1),  which  is  here  A  toUdmasf 
of  siliceous  limestone. 

AVerc  you  to  judge  from  zoological  ar- 
guments touching  the  tempei*ature  and 
the  other  circumstances  connected  with« 
or  favourable  to,  the  high  development  of 
animal  life  upon  this  planet ;  taking  only 
the  c^khalopoda  into  oontidemtion,  you 
would  say,  that  as  the  known  testa* 
ccous  Gephalopods  ao%»ure  a  great  deveM 
topment  only  m  tropieal  aeai^  and  that  aa 
w  c  know  of  none  of  the  innumerable  ex- 
isting species  spread  over  all  coasts,  which 
have  a  greater  size  than  the  little  spirula, 
inhabiting  latitudes  at  all  approaching  to 
those  of  Europe,  these  enormous  remaina 
of  testaceous  cepbalopods  are  indicative  of 
the  conditions  now  met  wifli  only  in  tropi- 
cal seas  ;  that  from  the  vast  proportion  of 
the  development  of  testaceous  cephalopoda 
in  the  andent  ttrata  of  eurown  iatttndea^ 
they  would  indicate  that  the  then-existing 
seas  had  been  of  a  troikical  character*  and 
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ncrc  thrown  Aovm  the  seas  of  Rtiropean 
latitudes,  had  a  Unnperature  even  exceed- 
hifg  iImI  of  IIm  liottMt  regfoni  of  liw  pre- 
«ent  ocean.  Now  although  these  animo- 
nites  are  the  most  abundant  and  the  best 
known  of  fossil  animals,  although  more 
than  four  hundred  species  are  described 
by  ]iatanili''t^,  nnd  more  than  a  hundred 
of  Hiese  are  met  with  in  our  own  strata, 
although  they  oeear  in  soeb  alicindance 
in  a  fossil  «tntc  thnt  strata  of  rock 

are  composed  of  their  shells,  not  one  is 
now  Icnown  lo  cxlift  on  the  Ikoe  of  the 
0wrth.  They  retain  their  nacreous  huftre 
In  fhe  oldest  limestone  rocks,  and  the 
bentiftd  Idilife  of  tiM  Caiyntfiten  mttacVlB 
is  produced  hy  the  nacre  of  these  shells. 
They  present  a  structiire  which  can  be 
traced  through  a  great  variety  of  other 
ftnrnfi  of  cephalopodous  ebdli.  You  ob- 
serve tho  scaphitf  has  its  two  extremities 
bent  up  like  the  ends  of  a  Ciiuoe,  with  the 
iMt  enlarged  turtk  detailed  fnm  the  rest, 
while  the  hmmfv  has  its  extremities  sud- 
denly curved  like  a  shepherd's  stalf  or  a 
iMiok,  hat  baa  the  sanne  lobed  cbambera  and 

exteniEl  minTinr.l  siphon  wliich  vou  sec  ir; 
the  ammonite.  1iitbaeukttiJ*i)  presents 
tbeMmeintenial  atmotm^  bnt  its  form  !• 
long,  straight,  an<l  conical,  and  with  a  larcfc 
npp^  chamber  for  containing  the  b«K]y 
or  the  cephalopod.  In  this  fonll  nautilus, 
or  nautilite,  as  the  fossil  species  are  call- 
ed, which  I  took  from  a  chalk  cliff  at 
Honen,  in  France,  you  perceive  the  same 
smooth  concave  partitions  with  the  siphon 
in  their  middle,  and  still  preservmg  their 
nacreous  lustre,  as  in  the  recent  species. 
ThestraetoreoftbeorthooerMite  (&*)  is 
like  thn^^  of  the  nantilite,  hut  has  its  cham- 
bers disposed  generally  in  a  straight  line, 
kwlead  of  ibvroiug  a  ftpire.  Hers  are  nti- 
merons  straight,  length (.■ued,  cc-i ileal  Bht-lls, 
■Ufhtfy  oonmressed,  and  tigering  sud- 
d^lf  at  tiicnr  closed  exiieaittf*  which 
have  very  little  of  the  external  appear- 
ance of  the  polythalamous  shells  of  ecphalo- 
pods.  They  have  more  external  resemblance 
to  spines  of  the  echini.  Theseare  btltnnittt 
(/*4),  where  the  first-toT  med  cone  is  at 
the  narrow  pointed  part  oi  the  shell.  The 
.  oones  bsve  been  placed  lAitiUn  each  other, 
so  that  the  last  wide,  cleft,  upper  chamber, 
contained  the  o^pbalopody  which  in  swim* 
ndaf  ooeldiMnbaUydnwsqi  kadottpeie 
shell  to  the  surface  of  the  water,  as  we  see 
in  the  oxistiug  testacepua  eephalopods. 
HtM  it  enofter  InHiimilBg  ten  el  tteae 
external  skeletons,  which  1  picked  out 
from  the  chalk  clifls  erf  Rouen  clilb  which 
abound  with  a  great  variety  of  the  most  in- 
teresting forms  of  testaceous  eephalopods. 
In  this  sperimen  of  the  tm-rifrte  il*  3\ 
yum  will  observe  that  the  couvoiutioiis  ot 


plane  ns  in  the  ammonite,  but  that  they 
have  constantly  changed  the  plane  of  re- 
volution at  every  instant  in  the  same  man- 
ner, and  probaldy  from  the  same  uns}^^- 
Metrical  development  nf  the  two  sides  of 
the  bo<ly  in  the  animal  it  contained,  as  you 
see  in  tlie  turbinated  shell  of  agasteropod. 

Now,  upon  the  first  view  of  the  exterior 
of  this  turrilite,  you  would  iiupposo  it  to 
be  ft  nailocalKr,  apiral,  turbinated  shell  cf 
a  gasteropod,  hut  it  is  a  polythalamous 
riidU,  and  has  an  interned  structure  most 
dosely  aHled  to  that  of  the  ammonfte,  tho 
circumstance  in  vhirh  it  differs  hfing 
tolely,  that  it  has  this  turreted  form  pro- 
duced by  the  tarns  conitantly  dianging 
the  plane  upon  which  they  revolved.  In 
seeking  transitions  from  one  form  of  ske- 
leton to  another,  and  the  anatomist  knows 
the  importance  ef  this  in  tracing  derelopr 
ments  in  anatomy,  whether  human  or 
comparative,  such  intermediate  shells  as 
ttiis  turrilite  are  very  interesting.  This 
animal  has  the  sh'^H  -with  the  outer  form  of 
that  of  a  gastero)K)il,  but  it  has  the  inter- 
nal ttmctore  pecnKerto  the  fhells  of  tbe  oe<* 
l^halopods.  The  internal  c  hamhrrs  f/*  3,  t) 
here  you  see  are  separated  by  uumerouf 
lobed  pertitlona)  baling  at  tbelr  roarglnt 
precisclj'  the  same  irregular  outline  as  you 
observe  in  the  chambers  of  an  ammonite. 
These  extinct  testaceous  skeletons  of  the 
eephalopods  however  areinfinitely  more  in- 
teresting in  a  geological  point  of  view  than 
as  relates  to  the  existing  foi  nis.  There  are, 
in  IbcV  n  bmidred  forms  IbasHised  to  oner 
which  we  have  in  existence.  In  ancient 
conditions  lof  this  plant,  these  larger  testa- 
ceous c<^hii1opoda,  wliioh  are  now  idnoit 
extinct  tro  .\  the  face  of  the  enrth,  hare 
abounded  so  much,  that  their  remaina 
ftmn  whole  ttiata  of  niotnilahi*foebe  ^  m9 

these  liinestories,  compose<l  aliiuiyt  en- 
tirely of  the  shells  of  the  ammonites,  are 
moat  raraarkable  and  beantiful.  The  shells 
that  compose  them  retain,  you  observe, 
their  nacreous  Instre,  which,  with  the 
transparency  of  tho  couaolid&ting  mate** 
lial  by  which  they  are  kept  together,  pro« 
(luce  the  most  brilii?int  dif^plays  of  lustre, 
when  polished  sections  are  made  of  them^ 
They  are  found  putloularly  to  afioimd  in 
Syria,  in  Palestine,  nnd  \n  all  thn<-  part  of 
lUia.  Homo  of  these  polythalamous  sbeUs, 
with  moolb  oonowoiNM'ntlom,  Isun  romid 
their  apex  without  covering  the  spiro,  nn 
you  see  in  the  oouveluted  orbioiUar  rota- 
littt  flat,  like  m  pianorbis ;  some  are  en- 
vex  and  round,  like  a  lentil,  as  the  leniiev' 
ate,  and  others  are  round  and  flattened  like 
a  piece  of  money,  as  the  ntmmuHit  (f*  5), 
which  has  its  small  narrow  convolutions 
(divided  ititernally  into  innumerablft  very 
uuaute  chambeis.    This  discord  iorm  oi 
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tbe  amaller  fossil  testaceous  cepbalopods, 
and  it  so  abundant  as  to  constitute  a  great 
part  of  the  so-named  nummulite-limestone, 
of  which  the  pyramids  of  Egypt  are  built, 
and  on  which  these  ancient  monuments  of 
human  skill  rest  their  foundations.  From 
iK^elnf?  thosp  rocl^s  romposed  of  thosr  ginall 
round  bodies,  it  wa^  once  supposed  that 
they  were  actually  lentils ;  that  tii^were 
the  food  of  the  workmen  who  had  con- 
structed the  pyramids,  and  which  were 
licMisUised  «ad  left  adhering  to  the  rockt. 
\\'^e  l;iLt»\v  now  that  they  are  the  nummu- 
Utea»  with  myriads  of  other  minute  shells 
trif  animals  belonging  to  the  class  we  are 
faow  considering. 

*rhe  exa?njilc8  which  I  have  presented 
to  }'ou  will  give  some  idea  of  the  in- 
ternal structure,  and  of  the  various  forms 
of  the  polythalnmnns  shells  of  the  cepha- 
lopoUs.  But  this  18  the  class  of  iuver- 
tebrated  animals  tiiat  comes  next  to  the 
dass  of  fishes,  and,  consequently,  that 
class  in  which  we  should  look  for  some 
trace  of  the  lint  development  of  those 
intenial  soft  cartilaginous  parts  which  we 
find  composing  the  internal  skeleton  of 
the  lowest  species  of  the  class  of  fishes. 
A»  the  internal  osseous  organised  skeleton 
is  not  suddenly  brought  to  i»<^rfpction  at 
its  tirst  appearance  in  the  uunnal  king- 
dom, but  begins  by  tbo  development  of  its 
most  rudimentary  rtkT  esseiitinl  pnrt?,  so 
ve  find  that  the  external  unorganised  form 
of  the  organs  of  support  is  lost,  not  at  mice, 
hnt  hy  successive  degradations.  We  have 
seen  that  the  external  enveloping  shell  of 
the  infEnrior  testaoeoas  cephalopods  is  gra- 
dual! y  diminished,  and  is  withdrawn  into 
the  back  part  of  the  body,  and  concealed 
loosely  in  a  dovsal  sac.  Its  calcareous  con- 
solidating part  is  next  withdrawn,  and 
only  its  horny  elastic  portion  is  left  in  the 
naked  oi  most  elevated  lumis  of  cepha- 
lopods. 

We  find  extending  do^nn  the  middle  of 
the  back  of  many  of  the  naked  cepha- 
kHPods,  es  I  mentioned  to  yon  in  tiie 

toUgo,  the  a^piofn  A'*  1,  n;  2;  M  ' ,  and 
the  loUffQ§mgf  a  thin  cartilaginous  lamina, 
Hexible  and  pellncid,  whi«h  Is  lodged 
in  a  distinct  sac.  You  have  already  seen 
the  analogue  of  that  substance  in  the 
extwior  homy  covering  of  animal  matter,' 
which  is  here  as  a  layer  on  the  outside 
of  the  shell  of  tlio  sepia.  This  is  to  be 
looked  upon  as  a  remaining  trace  of  the 
ahrils  of  the  cephahi|iods  whidi  we  have 
seen  leaving;  since  we  left  the  nautilus,  and 
not  as  a  rudiment  of  the  internal  vertex 
brattd  shdetoa  as  8pix  supposed.  There 
are  some  of  the  naked  rophjdopods  fortu- 
nately still  left  to  tts  in  existence,  in  wiiich 
you  awoitnMMmnthif  WnftiMBMBt 
oftheiolid  ifcdtt«ni€fil»iii¥«itBMid 


classes}  that  is  the  case  with  this  ocieput. 
Now  by  watching  the  earliest  development 
of  the  internal  articulated  skeleton  i  1 1  fi  cs, 
and  in  the  pni>tryo  of  the  human  body, 
you  art  aware  iliat  the  lirit-formeii  parts 
are  those  which  are  to  enclose  and  protect 
the  spinal  marrow.  You  know  very  welUhat 
when  that  primitive  streak  is  produced  in 
the  germiittl  memhraa^  which  we  after* 
wnr'.h  find  to  be  the  rudiments  of  t>ie 
uetvous  system,  there  appear  along  its 
tides  little  opaque  points,  whidi  are  ^e 
first  elementary  parts  of  those  vcrtrln-ae 

]  which  are  afterwards  to  compose  a  tube 
aroimd  the  great  centre  of  the  nervous 
system.  Tliere  are  four  principal  parts 
which  we  observe  in  each  of  the  separate 

I  vertebra;  composing  that  tube ;  there  are 

I  9^  body,  two  lamina,  and  a  ^Maoiis  pneem, 

1  and  in  the  middle  between  these  we  have 
a/oranm  or  canal.  You  will  observe, 
that  in  the  lowest  fliAies  where  this  in^ 
temal  dceleton  is  fr)r  t!)c  most  part  soft 
and  cartilaginous,  the  iamime  are  more 
oonsoiUdated,  more  developed  than  even 

'the  bodies  themselves  of  the  vcrtehrse. 
Look  at  this  skeleton  of  the  sturgeon.  The 
bodies  of  the  vertebrie  form  a  soft,  cartila- 
ginous, transparent^  flexible  mass,  whetn 
you  can  scarcely  ^ee  a  trace  of  subdivision; 
but  look  tu  the  ianiiiia>  that  arc  on  the 
outer  svrlhce  to  shield  the  spinal  marrow 
u])on  that  surface  and  on  the  sides.  You  see 
how  they  are  consolidated.  Con^are  that 
also  with  what  yon  hnow  to  take  place  in 

'  the  earliest  development  of  the  human 
vertebrae.  Would  you  not  infer  from  these 
circmnstances,  not  only  that  the  vertebra 
are  the  first-formed  paits  of  the  skeleton, 
but  that  the  laminae  are  their  most  im- 
portant elements,  being  those  first  formed, 
and  that  therefore  they  constitute  that 
portion  of  the  skeleton  -whTch  you  would 
naturally  look  lor,  bcgiumug  to  manifeet 
itself  fii-st  in  thoee  highest  off  the  Inverta* 
brated  animal>'.  , 
On  the  back  part  of  the  neck  of  tlie 
Mifo  and  other  naked  ecphaloiKids,  yon 
olisc  rve  two  cartilat,'inous  lamina,  to  which 
the  muscles  are  attached,  into  winch  tb^ 
are  inserted.  These  approach  close  to  the 
cephalic  cartilaginous  plate  which  en- 
velops the  great  bupra  and  infra-oeto- 
phageal  ganglia  and  through  which  the 
oesophagus  passes.  These  are  the  extern^ 
vertebj-n!  lamina?  which  nrc  developed  in 
the  lowest  cartilaginous  fishes  to  a  greater 
degree^  hut  ase  not  yet  sub<livided.  They 
are  very  different  from  the  dorsal,  loose, 
cartilaginous  lamina:^^  which  have  been  long 
known  fai^  e^halopod%  as  that  of  the 
hifirro  rtt/Qfrris  (K*  V,  that  of  the  fo/h/opmt 

Sfmtittta  (A*  2),  and  tbat  of  the  »gnoio  iW- 


Digitized  by  Google 


OF  THE  CEPHALOPODOUS  SlOLLUSCA. 


513 


gml  nqura  and  infra-cesophageal  ganglia 
wUch  have  been  compared  to  the  brain, 
it  tlie  analogue  of  the  oocifiital  *bone  or 

first  cranial  vertebra.  It  has  a  curved 
aad  exi»anded  form,  and  is  the  portion  of 
the  cranial  Tertebne  ivhich  !■  not  to 
the  lamiiKc  of  what  you  might  say  were 
cervical  or  dorsal  vertebne.  These  parts 
are  all  of  a  soft  and  flexible  nature,  trana- 
luceat,  and  cf  the  consistence  of  cartilage. 
In  no  ccphalopods  do  they  ever  acquire 
tlie  solidity  of  bone,  or  even  the  solidity 
which  they  possess  in  the  higher  cartilagi- 
nous fishes.  In  addition  to  these  ordinary 
parts,  however,  we  can  observe  in  many  of 
the  cephalopods  cartila^oos  portions, 
develo])itif^  in  different  parts  cf  the  liody. 
-  You  have  here  magnified  figures  of  the 
tepMa  (K*  1),  an  aidmal  cuMely  allied 
to  the  sepia,  having  eight  sessile  arms 
(JT*  1,  d)  around  the  head,  with  two  limg 
tantacula  (JT*  1,  ^,  e),  with  a  ronnded 
Mlldal  termination,  and  expansioni  on 
ttM  tides  of  the  body  like  fins  for  niovintr 
tt  to  and  fro  in  the  sea.  Tiiesc  lateral 
fliis  (K*  1,  e)  are  8uppoi*ted  by  curved 
rnrtilaginous  lamiino  i  X'*  1,  A,  i  ',  loosely 
attached  to  the  i)ack,  and  connected  only 
hy  layeri  of  nnuoilar  fibcet  wliich  eeive 
to  move  these  mdhnentazy  extremities. 


.  We  observe  that  in  almost  all  the  oe- 

phaloiiods  that  arc  naked,  the  iK)rtion 
called  the  mantle,  that  loose  rouacuJar  fold 
which  envelops  the  great  viscera  of  the 
abdomen,  is  connected  with  the  animal  by 
two  firm  cartilaginous  strong  substances, 
two  rudimentary  clavicles  which  unite  to  the 
elements  of  a  ttetnum.  From  tlie  exterior 
of  the  mantle  are  seen  the  two  cartilagi- 
nous,, thin,  flexible,  transparent  lamina^, 
which  from  shooting  down  from  the  region 
of  the  vericbral  column  may  be  looked 
upon  as  the  rudimcntai  y  bones  of  a  pair 
m  eKtrsmMet  {  aad  in  my  description  of 
tlMMMtomy  of  the  animal  represented  in 
tUs  diagram,  the  ttfAola  vuigarw  {K*  1  6), 
I  lieve  ventured  to  compare  these  oarti- 
liginoas  portions  to  scapulc ;  these  carti- 
laginous curved  plates  moveable  on  the 
outer  surface  of  the  back  of  the  sepiola 
¥uig«lfc  That  tinwM  jtu  eeo  vrm  to 


'  a  greater  extent  developed,  although  less 
I  moveable,  along  the  sides  of  the  mantle 
in  the  common  aqpls.  In  this  animal,  the 
common  sej)ia  officinalis  (F*  1),  there  is  • 
muscular  fold  extending  alone  the  whole 
side  of  the  body  (F*  1,  b),  by  the  motkme 
of  which  the  animal  is  enabled  to  swim 
in  every  direction  backwards  or  forwards. 
I  That  muscular  fold  is  supported  inter* 
nally  by  a  cartilaginous  lamina,  which  is 
perfectly  the  analogue  of  that  wliich  is 
here  represented  ou  the  little  sepiola  vul- 
garis, the  smallest  of  the  naked  o^haki^ 
pods  inhabiting  the  present  seas. 

From  the  position  of  these  cartilagi- 
nous portions  of  various  parts  of  the  liody 
that  1  have  mentioned  in  the  naked  ce- 
phalopods, we  may  regard  them  as  the 
first  mdiments  of  the  cranial  vertelme,  of 
the  rest  of  the  vertebral  column,  altliough 
not  yet  divided  into  distinct  vertebra;,  and 
the  rudiments  also  of  the  extremities.  It 
might  at  first  appear  to  be  extending  ana- 
logies beyond  what  there  is  just  and  strong 
argmnent  to  support,  to  compare  tho>>G 
extremities  or  fins  of  the  cepba1o|K>d8 
with  the  anterior  or  posterior  ]>airs  of 
higher  animals,  but  to  consider  this 
matter  more  curiously  we  might  even 
trace  some  kind  of  analogy.  Which 
parts  of  the  body  iu  the  highest  animals 
are  first  and  most  developed  ?  The  upper 
part*  nearest  the  greatest  rush  of  the  arte- 
rialised  blood  from  tho  ulacenta;  whereas 
the  lowest  parts  of  the  body  are  small  and 
rudimentary,  compared  with  these  upper 
portions,  which  receive  the  greatest  afilux 
of  arterialiscd  blood  passing  through  the 
foramen  ovale  to  the  left  side  of  the 
lieart,  from  that  through  the  arch  of 
the  aorta,  and  through  the  ascending 
branches  that  come  from  that  arch) 
whereas  the  impure  venous  blood  re« 
turned  by  the  superior  vaui  cava,  and 
sent  through  the  right  ventricle  and  duo* 
fus  arteriosus,  enters  below  the  arch  of  tlie 
aorta,  and  is  conveyc<l  to  the  lower  parts, 
of  the  body  and  to  the  placenta,  niese 
lower  parts  of  the  trunk,  therefore,  and 
the  posterior  extremities,  being  less  nou- 
rished, arc  proportionally  small.  You 
see  Dxfijt  dispro|>ortion  in  the  posterior, 
parts  even  of  the  kangaroo  at  an  early 
period,  although  they  afterwards  acquiie 
so  great  a  siM«  'VS'hich  of  the  pairs  of 
extremities  arc  most  developed  and  most 
constant  in  fishes  ?  The  pectoral  fins  or 
arms.  Which  extremitiee  are  alone  pre* 
sent  in  the  sirens  and  most  developed  in 
the  proieui/  The  arms.  Which  are 
largest  in  the  inrttft  and  aquatic  ekekmUif 
The  arms  for  swimming.  Which  in  the 
birds  ?  The  wings  for  progressive  motion 
through  the  air.  W^hich  are  alone  deve« 
loped  in  the  dolpUn,  the  grampus^  the 
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wTiaTcs,  jind  other  gic^antir  cptacea  ?  The 
anus.  The  slow-wonn  {anyitu  fragilis) 
amon^  the  serpents  has  no  arms  without, 
but  what  rudiments  of  them  do  you  find 
M'ithiu  ?  The  sc^qlar  arch  for  the  sup- 
yo^  of  wm  to  1m  developed  among  the 
iavria.  So  that  analogy  appears  to  con- 
firm what  the  structure  only  suggests^ 
that  these  niemhers  derdopea  from '  the 
sides  of  the  trunk  in  the  ccpholopods,  for 
progressive  motion  through  the  sea,  are 
the  first  nidimcnts  of  the  anterior  rather 
thsn  of  the  posterior  extremities  of  higher 
animal?,  and  that  they  shift  their  jjosition 
forwards  and  backwards  on  the  trunk  of 
oephelopods,  like  the  legs  of  fishes,  which 
are  not  yet  fixed  to  the  vertebral  column. 

The  jaws  {K*  5,  a,  b)  are  very  ver- 
fcct  in  Ae  cephalopods,  and  hmve  the 

form  of  homy  mandibles  (K*  h)  so  com- 
mon in  the  lower  vertcbrata,  as  in  the 
chelonfan  reptHes  and  Mrde.  Thejr  are 
cun^ed,  short,  strong,  of  a  dense  texture, 
with  sharp  cutting  edges  in  the  naked 
ipedes,  and  are  destructive  instruments 
among  the  young  cmstaceous  and  tes- 
taceous animals  on  which  the  cephalo- 

Sods  chiefly  feed  at  the  bottom  of  the 
eep.  In  the  nautilus  their  edges  are 
more  broad,  tubcrculated,  and  consolidat- 
ed with  calcareous  matter.  In  the  vcsti- 
hale  of  the  ear,  these  animalaha're  a  coni- 
cal calcareous  body  of  a  soft  chalky  con- 
sistence, as  we  commonly  find  in  the 
lowest  eiaeeet  of  vertehrata.  And  the 
surface  of  their  tongue  is  covered  with 
regularly-disposed,  recurved,  sharp,  horny 
•pines,  which  are  oommon  on  that  part, 
both  in  the  invertehnta  and  in  the  verte- 
brated  daascs.  The  drrhi,  or  arms  (/f  •  1 ,  d) 
developed  from  the  oral  disk,  which  forms 
the  circular  Hp  of  the  cydoitonie  fishes, 
are  provided  with  circular  ctjps  or  suckei*s, 
(A'*  4),  as  we  see  on  the  tcntaculaof  some 
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LIOATUBB  or  TBB  BXT^BVAL  ILIAC 
ABTBBT. 

The  ligature  of  the  external  iliac  artery 
apparently  presents  greater  difficulties 
than  that  of  the  subclavian.  It  is  not,  in 
fact,  without  some  feeling  of  fear,' that  we 
reflect  how  the  vessel  must  bo  sought,  as 
it  were,  in  the  abdomen,  to  be  tied ;  how- 
ever, in  practice*  this  <qi«ration  it  gene- 
rally lessdifficidt,  and  not  more  dangerous, 
than  the  other.  The  paiietes  of  the  ab- 
domen are  divided  in  tihe  high  operatkni 
for  stone;  they  are  divided,  in  almoet 
every  operation,  for  hernia;  why  not 
then  open  them  witlMmt  fear,  in  order  to 
core  a  disease,  certainly  aa  dangerous  as 
any  of  the  preceding  ones  ?  The  place 
where  the  incision  should  be  made,  and  the 
disposition  of  the  peritoneum,  enable  us  to 
expose  the  artery,  and  avoid  injuring  the 
scrops  investment  of  the  bowels. 

Several  methods  may  be  employed ;  the 
first  consists  in  opening  the  parietes  of 
the  abdomen  x>&t^ilcl  to  the  directipn  of 
the  artery,  commencing  at  tlie  point 
where  it  passes  un<lcr  the  crural  arch, 
and  ascending  afong  the  external  fdge  of 
the  rectos,  toward  the  umbiUctn.  in  the 


annelides.    These  suckers  (A'»4,  «,  *,  c)  second  method,  which  is  tliat  of  Aber- 


of  the  cephalopods  have  their  circumfe 
rence  supported  by  a  cartilaginous  ring, 
wMch  presents  nnmerooa  minute  very 
sliar])  teeth  (K*  i,  a,  c\  moveable,  and  di- 
rected towards  the  centre  of  the  sucker 
•o  as  to  aid  that  organ  in  attadrfng  Itself 
to  the  surface  of  soft  animals.  Some- 


NETHY,  the  abdominal  parietes  are  divided 
paralld  to  the  crural  arch,  and  about  half 
aa  iadi  almve  it.  The  procesi  of  iUr  A. 

Cooper  consists  in  making  a  curved  in- 
cision above  the  aiub,  comiucnciug  from 
the  anterior  snperiW  Uj^Mkb  of  the  ileum, 

and  terminatiug  near  the  external  ring. 


times,  as  in  onychia,  these  cartilaginous  I  Bovan  has  proposed  to  make  au  incisiou 
disks  are  drawn  ont  to  the  conical  form  of  of  two  inches,  just  above  the  arch,  one 


curA'ed  claws,  as  we 


see  also  en  the  oral 

are 


extremity  of  which  shall  be  at  the  same 


disk  of  lampreys.  These  are  principal  distance  from  the  f jiine  of  the  ileum  as 
forms  of  the  skeleton  and  of  the  hard  parts '  Other  is  from  ^e  Spine  of  tfie  pobeai 
which  present  themselves  in  the  class  of  ' tendon  of  the  great  oblique  muscle 


cephalopods,  the  last  and  highest  of  the 
invertebrated  division  of  the  anfanal  king- 
dom. 

Oil  Monday  I  skaU  pMOMd  to  tha  ske- 
leton of  fishei. 


being  opened  paiallel  to  Poupart's  liga- 
ment, the  operator  pushes  aside  the  chord, 
and  soon  comes  down  on  the  iliac  artery  § 
but  this  incision,  made  exactly  over  the 
direction  of  the  ai*tery,  doQ^  not  permit  ua 
to  tie  the  vessd  more  than  an  ladh  above 

«h«Mili»  hgrHinMiBg  tte  lo«fr  mill  «C 
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L£CTUJR£  XII. 

ON  THE  DEVELOPMENT  OP  THE  .SKELE- 
TON OF  THE  YERTKDRATED  CLASSES, 
AND  ON  TUB  OSTKOIiGY  OP  PISHES. 

Vrom  the  oonitency  and  re  gularity  of  the 
laws  of  development  which  you  have  wit- 
nessed in  the  lowest  tribes  of  animals,  and 
fi-om  the  gradual  manner  in  which  you 
have  seen  the  changes  effected  in  all  the 
important  parts,  yon  might  necessarily 
ex{>ect  that  we  should  find  traces  of  the 
shell  itself  of  the  invertebrated  classes 
still  lingering  in  tli  rl  i=^  of  fishes;  that 
notwithstanding  the  degraded  forms  of  it 
"whieh  tre  endeavoured  to  trace  in  the  ce< 
phalopods,  it  Tuiijht  still  have  left  traces  of 
its  existence  even  in  the  vertebrated  classes, 
and  especially  in  that  class  which  Is  at  the 
bottom  of  all  the  vertebrated  series.  You 
might,  more  especially,  look  for  the  rem- 
naut  of  the  external  shell  of  invertebrated 
animals  in  those  vertcbmta  which  have 
the  least  development  of  the  internal  ar- 
ticulated skeleton,  that  is  to  say,  in  the 
cartilaginous  fishes.  From  the  cartilagl- 
noud  ar,r!  the  osTf^fiii-^  fishes  upwards 
through  th«  amphibia,  the  reptiles,  the 
Urdt,  and  the  quadrupeds,  the  internal 
articdated  •Itdeton  takes  all  the  nurtthy 
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matter  for  its  consolidation.  The  energies 
of  nature  to  perfect  and  strengthen^  the 

osseous  skeleton,  the  internal  articulated 
skeleton,  have  so  couipletely  abstracted  all 
tendency  to  calcareous  deposithms  on  the 
surface,  all  tendeney  to  the  development 
of  superficial  shells,  that  you  can  trace 
only  remnants  of  them,  frittered  down 
into  the  form  of  detached  scales,  spread 
over  the  surface  of  the  skin ;  but  in  many 
of  the  cartilaginous  and  even  of  the  os- 
seous fishes  these  remnants  of  the  extenud 
shell  are  still  verj'  obviouf?. 

The  sturgeon  is  one  of  those  cartilagi- 
nouB  fishes,  and  you  ohserve  that  although 
the  internal  skeleton  is  snfr,  cartilaf^inons, 
and  flexible,  almost  destitute  of  the  solid 
earthy  matter,  tiie  exterior  of  its  body 
is  covered  with  dense  white  phites,  that 
eon  tain  in  them  infinitely  more  hard  ma- 
terials, more  phosphate  of  lime,  than  twenty 
times  this  soft  internal  articulated  ske- 
leton; yet  in  all  those  solid  parts  that 
cover  and  shield  the  exterior  of  the  whole 
bod}^  thore  is  nothing  in  the  least  ana- 
logous to  any  part  of  the  internal  articu- 
lated skeleton  of  vetcbrata ;  it  is  entirely  a 
remnant  of  the  superfidal  shells  of  invert 
tebrated  animals.  You  observe  them  in 
these  animals,  covering  not  only  the  head 
and  the  branchial  openings,  but  extend- 
ing over  the  whole  body,  in  the  form  of  a 
scries  of  flat,  carinated,  articulated  shells. 
Five  rows,  connected  with  each  other,  ex* 
tend  over  the  trunk  of  the  anhnal.  In 
minuter  forms  they  extend  even  over  the 
tail  and  over  the  fins,  and  over  all  the 
suifsce  of  the  hody,  hut  subdivided  into 
smaller  parts.  In  many  of  the  other  ani- 
mals of  this  class  we  still  find  remnants 
of  them  ^ipon  the  surface  of  the  skfn,  in 
various  forms  of  dense  calcareous  scales. 
Nothing  is  more  f;uniliar  to  yon  than  the 
appearance  of  these  detached,  solid,  sjiiiiy 
bodies  in  the  skin  of  the  common  skates. 
In  most  of  the  cartilfigiucua  fishes  these 
remnants  of  the  external  hard  parts,  or 
unorganised  invertebrated  skeleton,  cover 
the  whole  exterior  of  the  body. 

Tbo  scales  of  fishes  aie  shells  which 
grow  by  the  addition  of  layer  after  layer  of 
phoiphate  of  Uine  to  their  inner  torftce. 
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They  are  not  deciduous  parts,  but  there  is 

a  thin  superficial  layer  of  the  oni  1  rn  is 
which  periodically  is  thrown  off,  and  that 
gives  rise  to  very  beautifbl  changes  in  the 
lustre  and  in  the  play  of  colours  of  the  scales. 

These  remnants  of  the  external  skele- 
ton of  the  invertetjratcd  classes,  present 
infinite  variety  in  their  forms  and  extent 
of  development  in  this  class.  In  most  of 
the  osseous  fishes,  thev  furni  an  inibri- 
cated  coat  of  mail  ovw  the  whole  surface 
of  the  body.  In  tlie  pJpctogmihi,  they 
generally  construct  aregulai*  Mosaic  work. 
In  the  lophobraneMk  they  are  large»  and 
give  au  angular  form  to  the  surface  of  the 
body,  as  iu  thci  M^qaimj^,  ptgasm^  and 
HyngnaihuM.  And  in  the  rays  and  sharks 
they  ai'C  small,  close,  and  sbai'p  as  needle 
points,  so  that  these  skins  ai^e  employed 
in  polishing  haid  substances.  In  many 
fishes  the  skin  is  nearly  as  naked  as  iu  the 
ccphalopods,  as  you  observe  ia  this  sea 
lamprey. 

You  nave  already  traced  in  the  cepbalo- 

I)od3  the  fii  st  dev  elopment  of  the  occipital 
bone,  or  the  fiist  cranial  vertebra,  pro- 
ceeding firmn  behind,  forwards  through 
the  skull.  You  have  also  .'^et  n  the  elements 
of  the  vertebitil  column  behind  the  skull) 
dc\  elupud  in  the  cephalopods.  And  with- 
out taking  arbitrai  ily  any  particular  part 
of  their  osseous  skeleton,  yon  have  seen 
that  there  were  baid  internal  organised 
parts,  consolidated,  like  the  bones  of  ver- 
tebrata,  by  phosphate  of  lime,  to  the  ccpha- 
lopods,  to  which  the  muscular  system  was 
attached.  Here  I  do  not  allude  to  the 
shell  of  the  sepia,  or  to  the  still  more  im- 
portant shell,  of  a  cartilaginous  consist- 
ency, of  the  loligineSy  but  to  those  cartila- 
^noiia  parts  extending  from  the  occipital 
bone  along  the  l»aek  of  the  neck  of  the 
c*ephalo)M>ds.  In  the  lowest  eoudiiion  of 
fishes,  as  in  the  myxene  and  the  lampreys, 
there  is  little  else  developed  bnt  the  ver- 
tebi:al  column.  That  vertebral  column 
consistB  of  a  soft  and  almost  gelatbious 
texture,  not  yet  consolidated  by  the  depo- 
sition of  earthy  matter.  The  eai  thy  mat- 
ter is  found  in  those,  however,  by  the  ana> 
lysis  of  Chbvreui.,  diffused  through  the 
cai^laginous  substance.  In  the  softest 
skeletons  of  the  choudropterygious  fishes, 
there  is  a  little  difference  iu  the  earthy 
matters  from  those  which  you  find  conso- 
lidating the  more  dense  form  of  the  skele- 
ton of  the  ossemu  fishes,  and  the  higher 
forms  of  the  vcrtcbrata.  Chevrec  l  found 
that  the  animal  matter  of  the  bonei  ot 
fishes  did  not  yield,  by  l)oiling^  that  gi  la- 
tine  which  is  so  copiously  afforded  by  boil- 
ing the  l)ones  of  hot-blooded  vertcbrata. 
lie  observed  that  the  bones  of  the  cartila- 
ginous fishes  yielded  a  much  greater  pro- 
^octiiOft  «f¥9^er»  and  of  the  soluble  saUa 


of  soda,  the  chloruret,  the  snbcarboiiate, 

and  the  sulphate,  tlinn  the  more  dense 
bones  of  the  osseous  lisbes  which  abound 
chiefly  in  the  more  insoluble  phosphates. 
The  soft  bones  of  t\\Q  squalus  maximnx 
were  found  to  contain  sulphate  of  soda, 
chlorinret  cf  sodium,  snbcurbonate  of  soda, 
and  a  very  small  quantity  of  the  phosphate 
of  lime,  magnesia^  oxide  of  iron,  alumina, 
and  silica. 

Now  it  is  interesting  to  ohserve  this 
condition  of  the  skeleton  in  the  lowest  of 
the  vertebrated  animals — this  soft  homo^ 
geneons,  cartilaginous,  fl^tible  condition 
of  the  bones,  because  you  well  know  that 
the  skeleton  in  yoiur  own  body,  at  its  first 
development,  before  it  begins  to  be  con- 
solidated by  the  deposition  of  earthy  mat- 
ter at  various  points  of  it,  was  in  the 
condition  of  the  bones  of  these  cartilagi- 
nous fishes.  We  observe  this,  not  simply 
in  the  constitution  and  softness  of  the 
texture,  but  also  in  the  total  want  of  those 
subdivisions  that  afterwards  constitute 
the  separate  bones;  for  you  well  know 
that,  in  the  human  skull,  for  example,  it 
is  the  ossification  which  gives  rise  to  the 
existence  of  the  separate  bones ;  that  at 
first  it  was  without  suture,  and  entirely 
undivided,  as  you  see  it  in  these  cartila- 
ginous fishes,  where  you  observe  that  the 
whole  skull  is  compn^p-]  of  a  single  piec<? 
of  soft  transparent  bone.  There  are  no 
sutwaa  toavereing  the  cartilaginooa  tex- 
ture covering  the  brain  in  the  shark,  the 
raiSf  and  many  other  cartilaginous  fishes ; 
but  when  the  ossification  advances  to  a 
higher  degree,  and  shoots  out  its  earthy 
matter  in  radti  of  crystalline  form,  then 
yon  have  the  commencement  of  distinct 
bones,  and  the  sutures  which,  bound 
them. 

When  you  observe  the  condition  of 
these  bones,  even  in  the  osseous  fishes^ 

you  see  a  trauspareucy,  a  trausluccncy,  a 
softness  in  the  wbde  texture,  in  the 
densest  bones  of  those  fishes.  When  you 
look  at  the  condition  of  the  earthy  nuittcr 
(that  here  In  the  perch  (0*j  consolidates 
the  occipital  bone,  the  parietal  bone^ 
the  frontal  bones,  the  sphenoid  bona 
itself),  you  ohserve  that  the  white  opaque 
earthy  matier  shoots  out  through  tlie 
transparent  ntass,  in  the  form  of  straight 
or  radiated  fibres.  You  may  look  at  this 
condition  of  the  bones  of  osseous  fislies* 
then,  as  the  ossification  of  the  human 
skeleton  a  little  further  advane«l. 

1 1  is  still  ^ther  advanced  in  the  reptiles  % 
further  in  quadrupeds,  and  the  densest  osse- 
ous textures  of  all  the  vertehrata  are  met 
with  in  the  class  of  birds  ;  for  if  you  look  at 
the  os^ificatiou  iu  the  human  boue»,  m  in 
the  ponetal  bone,  or  the  frontal  bona»  al 
a      «adj  periods  ypa  ise  alnaH  pittf 
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citely  the  translucent,  fibrous,  radiated, 
prinutive  coodilion,  which  characterises 
the  bones  of  osseous  fishes ;  Init  tlip  osse- 
ous iishes  proceed  no  further  than  inis,  lu 
the  conaolidatioa  of  the  bones  of  their 
skeleton;  you  must  go  thiouufh  higher 
classes  of  vertebrated  animals,  in  order  to 
watch  the  tacoessive  ttaget  of  tiie  deve- 
lopment of  the  human  hones. 

Now  the  pai  t  uf  the  skeleton  which  you 
Me  first  dievclopiug  in  the  cephalopods,  as 
well  as  in  the  highest  of  the  vertebrated 
classes,  is  the  vertebral  column.  The  part 
yuu  find  also  moat  developed  iu  the  cla^A 
of  tishos  i.s  this  vertebral  oolamn,  which 
sheathes  rmd  protects  the  great  centres  of 
the  nervous  system.  For  ail  the  living 
motions  of  tboe  animid^  likewise,  this  is 
the  part  of  the  skeleton  that  h  most  iin- 
poitant.  To  us,  trp^ing  the  development 
of  higher  forms  of  skeletons  from  their 
simple  conditions,  this  forms  also  a  very 
important  part.  The  vertebral  a)lumn, 
which  sometimes  constitutes  nearly  the 
whfde  dceleton  of  fishes,  is  composed  of  nu- 
fuerpus  vcrtebnu,  but  this*  column  i»  at 
first  composed  altogether  of  a  single  piece, 
without  joints  or  articulations.  Tills  is 
only  another  e.xample,  iUustrating  what 
we  iiave  often  already  seen,  that  where 
the  skeletons  are  already  composed  of  a 
substance  whicli  is  .soft  and  flexible,  they 
require  no  articulations,  and  have  none. 
You  have  seen,  in  looking  at  the  deve- 
lopment of  the  skeletons  in  the  articu- 
lated classes  of  aniinals,  from  the  simple 
(u>nditioa  of  worms,  where  often  there  is 
no  trace  of  articulations,  that  the  parte 
of  the  skeleton  first  become  condensed, 
and  then  the  articulations  become  obvious. 
The  seme  is  seen  in  comparing  the  soft 
iunicata  with  the  culcifud  covering  of  the 
conchifera.  Thus  you  observe  those  ana- 
logous changes  or  conditions  of  the  skele- 
loas  in  the  class  of  hshes. 

This  vertebral  column  consists,  in  the 
osseous  fishes,  where  the  whole  of  the 
hones  are  of  a  dense  texture,  of  numerous 
pieces  or  rings  or  vertebrae  pLiccd  in  a  lon- 
gitudinal series,  which  are  merely  repe- 
titikms  of  eadh  other,  and  compose  a  hol- 
low column.  Tliese  vertehnc,  when  you 
examine  theiu  carefully  in  their  most 
complex  forms,  are  not  composed  of  a  an- 
gle piece,  but  aotmUy  of  numerous  por- 
tions or  elements,  approximated  orant  hy- 
losed,  which  are  common  constituents  of 
these  hones  in  all  the  vertebrated  classes. 
You  ^jfrfcivr  that  in  the  class  of  fishes, 
the  bodies  of  the  vertebrsQ  are  the  parts 
4iiat  are  largest  and  m^et  developed. 
This  louK  vertehi  n!  (  olumn  of  the  shark, 
which  1  hold  in  my  band,  consists  of 
nothing  but  the  bodms  of  the  vertebne. 
All  tiie  other  tfemeikU  have  hecn  re- 


moved from  tliis  specimen  by  majceration, 
because  there  was  nothing  else  united  by 
ossification  to  the  vertebral  column,  no- 
thing else  anchylosed  to  these  bodies. 
These  vertebral  bodi< however,  yon 
observe,  in  the  entire  skeletons  of  sharkiu 
to  h^ve  other  parts  developed  arounQ 
them,  which  are  gradually  united  to  them 
by  ossification  in  his/her  forms  of  fislirs, 
in  osseous  fishes.  It  is  thus  that  we  get 
from  this  central  column  to  the  first  de* 
velopment  of  all  the  most  essential  parts 
of  the  skeleton  in  higher  forms  of  verte- 
brated animals.  We  find  that  the  ver- 
tebral column  is  here  the  most  devehqiei| 
portion  of  the  skeleton,  because  fishes  re- 
quire chiefly  that  part  in  all  theijt*  living 
movements  through  the  water.  But  w(| 
observe  that  the  vertebral  column  sup- 
ports at  its  upper  pai  t  the  spinal  marrow* 
and  at  its  pwrt  the  continuation  Of 
the  aorta.  It  forms  thus  f<)r  itself  two 
rings,  one  above  and  one  below  the  bodies 
of  the  vertebrx.  These  rings  are  similar!/ 
constructed,  both  tttm  <ad  b^w»  Xh^ 


are  corapowd*  when  in  their  most  com- 
plete forms,  of  several  pieces;  the  two 
first,  which  we  observe  ascending  from 
the  sides  of  the  bodies  {V*  a),  are  thetWO 
(L*  b,  h)  which  develop 
the  obhque  or  ai'ticular  processai.  We  ob- 
serve ascending  from  these  lateral  lamias, 
which  tend  to  form  the  walls  of  the  superior 
canal  of  the  vertebral  column,  the  M^Mrior 
spinous  processes  {L*  c),  These  are  three 
pieces  which  serve  to  complete,  with  the 
bodip'*  of  the  vHrt»l)rtr,  a  tube  throug|i 
wiiieii  the  spinai  marrow  passes.  On  the 
lower  part  of  the  bodies  we  observe  alao 
inferior  iamiruB  [L*,  h*)  developed.  These 
you  will  see  contiaued  through  all  the 
succeeding  chaaeB  of  vertebrated  animalf » 
— these  laniinx  developed  from  the  lower 
parts  of  the  body,  —  uid  these  coniplate 
their  cavity,  the  inferior  cetnal,  the  faiferior 
foramen,  by  the  de\'elopment  of  an  inferior 
spinous  process  (L*,  c*  j .  All  these  parts, 
taken  separately,  are  very  distinct  elements 

Inihe  most  oomptex  and  ^fexSosttSosm  9f 
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vertebrae.  lathe  skeleton  of  the  porpoise 
Ibefore  you,  which  ao  closely  approaches  to 
that  of  fishes,  you  Nvill  ob^-^crvo  the  canal 


from  the  circumference  to  the  centre,  in  a 
decreasing  series,  so  that  the  result  has 
been,  on  both  sides,  this  funnel-'-liJ^iKd 


formed  between  the  spinous  processes  and  j  depression  (3f  *  a).  Now  this  gradual  fil- 
Ihe  body  below;  the  same  above;  anfl  you  ling  up  by  the  deposition  of  ring  after 


see  the  s:iinc  in  ainphil)!.'!,  rcptilcg,  birds, 
and  mammalia.  la  order  to  got  at  the  na- 
ture of  all  the  elements  of  a  vertebra,  then, 
do  not  take  the  vertebra  in  the  simplest 
form,  but  seek  for  it  in  the  most  complex 
forni  of  all. 

In  addition  to  these  parts,  so  essential 
in  fishes,  we  observe  two  otlier  elements 
of  great  importance,  particularly  in  the 
higher  classes  of  land  animals,  fbr  the  at- 
tachment of  ribs,  nuii-dcs  and  ligaments, 


nng 


iiito  tlie  interior,  soiiietimcs  talccs 
place  to  so  small  an  extent,  that  there  is 
a  considerable  passage  through  the  whole 
vertebral  column,  and  most  tiylus  have 
more  or  le??s  of  this  iicrforated  c!iar:u  ter 
of  the  bodies  of  their  vertebra.'.  The  bodies 
of  the  vertebrje  thus  having  a  passage  in 
their  centre  (^f*  e^,  all  coniinuiiicate  Nvith 
each  other;  therefore  the  intervertebral 
snhstance  is  not  always  confined  solely  to 
the  intervcniiig  space  l)et\vixt  two  verte- 


^evcloped  iiom  the  sides  of  the  vertebral !  bra; ;  but  often  it  occupies,  like  a  continu* 
column ;  these  are  the  two  trantvtrw  pro-  ous  chain  of  heads,  the  central  part  of  the 

cfMes  {L*  d,  d).  Now  you  find  tlicse  bxlies !  whole  of  the  bodies  of  the  vcrtclira;  along 


of  the  vertcbrre  in  fishes  to  have  a  con- 
cave tcruiiaal  surface  both  before  and  be- 
hind (M*  a,  c),  so  that  whoa  they  are  ap- 
plied to  each  other  they  fonn  a  series  of 


the  column.  Thus  the  bodies  of  the  ver« 
tebra;  of  fishes  present  numerous  concen- 
tric rings  of  growtli,  like  the  section  of 
the  stem  of  a  tree,  and  the  first  exterinr 


caWtiea  filled  by  a  soft  substance,  some-  j  lioUow  layer,  when  alone  formed,  has  been 
times  in  a  flidd  state,  and  filling  a  capsule '  compared  to  the  exterior  hollow  rings 
(^^*d),Rr\^\  distrndlnt?  it  so  firmly,  that  encompassing  tiie  segments  of  articulalMi 
when  perforated  tlie  fluid  is  squirted  out  |  animals. 

to  a  great  distance;  in  lact,  forming,  as  it     Now  we  observe  that  these  lamina 

■were,  a  tense  ball,  of  a  fluid  substance,  inter- '  C/,*,  b,  b'^ ,  \xh'n:h  extend  upwards  from  the 
posed  betwixt  each  jiair  of  vertebra:.  Now 


observe  the  importance  and 

the  advantage  of  this  for  the 


sides  of  the  upper  part  of  the  bodies  of  the 
vertebra;,  become  early  consolidated.  They 
arc  the  parts  of  the  column  which  we 
exten8i\e  lateral  motions  of]  already  find  in  the  ccfi)!".]o>)od8,  and  the 
thecolunmoi  fishes;  ob»er\  e  parts  fust  consolidated,  when  you  ex- 
that  each  and  all  the  verte-  i  amine  them  in  the  cartilaginous  fishes, 
bra?  piny  upon  a  soft;,  smooth, '  The  nervous  system  is  and  should  be  pro- 
interposed  ball*  giving  a  flex-  itected  externally,  before  it  is  protected  by 
ibility  and  elasticity  which  a  solid  part  within.  Yon  cait  easily  pcr- 
arc  not  equalled  by  any  of  coive  this  con-^^nlirlation  of  the  lamina?  in 

this  shark,  and  in  several  other  speci- 
mens of  this  animal  that  are  before  you, 
and  still  better  in  the  sturgeon ;  indeed  in 
the  stm-peon,  you  have  a  beautiful  illns- 
tration  of  this  fact,  that  while  the  bodies 
of  the  vertebnc  remain  perfectly  united, 
transparent,  »oft,  and  onrtilaginoiis,  the 
laminie  and  the  spinous  processes^  and  the 
transverse  processes  themselves,  have  be- 
come white,  opTif]Tie,  and  ossified,  and  have 
received  a  larger  quantity  of  the  earthy 


the  higher  classes  of  ani- 
mals. This  character,  which 

is  80  remarkable  in  the  bo- 
dies of  the  vertebnc  of  fishes, 
you  still  find  in  all  the  tad- 
poles, and  some  of  the  adult  amphibious 
animals.  But  in  former  conditions  of  this 
planet  there  have  been  gigantic  tadpole 
forme  nf  reptiles  inhabiting  the  seas  and 
the  estuaries  of  great  rivers,  that  have 
presented  the  same  character  in  the  bo 


lishes.  For  instance,  the  ichthyosaurus, 
in  that  stupendous  reptile,  like  to  which 
there  is  nothing  now  left  in  the  sea  or  on 
the  face  of  1^  earth,  with  the  arms  of  a 
dolphin,  the  e>  o'^  of  a  bird,  the  bend  of  a 
crocodile,  and  tne  tail  of  a  tadpole  \  the 
hodies  of  the  Vertebne  were  like  those  of 
fishes,  with  a  cup-like  cavity  before,  and  a 
vup-Iike  cavity  behind. 

ThMe  bodies  of  the  vertebra  of  ^shes 
begin  to  consolidate  from  the  circnmfe- 
reuce,  and  rings  are  added  gradually  to 
the  interior,  bnt  you  perceive  tluit  these 


dies  of  theh*  vertebne,  as  we  now  find  in  matters  we  have  ennmented  than  the 


bodies  tbenisclvcs. 

Now  we  observe  that  there  arises  from 
between  the  distal  extremities  of  thcsie  la- 
minae atimMMis  process  (Z.*  c)  ;  that  tpi- 
noiis  process  is  a  part  which  is  of  great 
magnitude  and  importance  in  the  class  of 
fishes,  because,  as  1  mentioned  to  yon  lie* 
fore,  of  all  the  elements  of  the  v(  rfebral 
column,  these  are  of  the  greatest  use  in  ail 
their  living  movements.  They  aro  ani- 
mals i)oiset!  in  a  dense  mcdliun  of  the 
same  specific  gravity,  nearly  as  them- 
selves, whidi  move  themselves  through 


Iwre  proceeded  cooomtiiGBll/  iovardti^the  vaier  by  0ia  lateral  novcmento  of 
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tticir  vertebral  column.  They  nrc  not  like 
birds  that  move  themselves  through  an 
sttemuited  medlmn/  hy  the  development 

of  j)art3  at  a  distance  from  the  vertebral 
column  i  nor  are  they  like  quadrupeds, 
organiaed  to  support  their  body  from  fall* 

ing  to  the  surface  of  the  earth,  by  extre- 
mities or  pillars,  filso  developed  at  a  dis- 
tance from  the  vertebral  column. 

Now  these  spinous  elements,  therefore, 
of  the  vertebrae,  are  largely  devdopc<l  in 

fishes.  The  sjiinous  processes  themselves, 
however,  in  fishes,  give  origin  to  other 
pieoes.  The  spinous  processes  extending 
from  the  vertcbr;e  of  the  fish,  w  hen  they 
have  become  largely  developed  thcm- 
eelves,  give  origin  to  new .  bones,  and 
afFord  us  an  illustration  of  a  fact  \\liicli 
is  remarkable  for  its  uniformity  in  other 
parts  of  the  skitietou,  and  in  other  ani- 
mals. A  separate  centre  of  osmficatlon  is 
developed— a  new  source  rf  iitjtritinn  is 
conveyed  directly  to  ihec\:iv  -ity  oi  ihc 
part— a  new  bone  M  formed  iruin  the  end 
of  the.  spinous  process.  Tlic  first  bouf 
you  perceive  developed  from  the  spinous 
process,  is  that  which  snpports  the  ray« 
of  the  fiui;  it  is  placed  hctv,  oen  the  spi- 
nous processes  ^0%  6>  c)  and  the  ra\  s  75)  ; 
ft  is  called  the  mterttpinms  66nc  {L*,f7  l). 
These  Intenpinous  bones  and  rays  arc 
flovelopod  froin  the  inferior  well  as  the 
bU])ei  ior  spinous  processes  \  L*,/*). 

Fishes  move  themselves  not  merely  by 
their  arms  (0*,  AO)  and  by  their  legs  (81), 

which  are  but  slightly  developed,  but  they 
bend  their  vertebral  column  in  dificrent 
directions  towards  the  sides  of  their  1x»dy. 
They  shoot  out  these  interspinous  bones 
nnd  rays,  which,  pushing  the  integuments 
Ijefoic  them,  and  covered  with  skin,  form 
the  various  dorsal  (75)  and  anal  (79)  fins 
which  you  observe  on  the  median  plane 
in  fijihes.  These  bones  that  support  the 
membranes  of  the  fins,  are  called  the  rayg 
( J*, 9y  U*  "-'O •  The  rays  in  their  most  solid 
form,  as  you  «ee  in  the  anterior  doraal  fiu  of 
the  perch,  are  composed  of  bone — a  long 
Blender  fle\ii)U'bone,  generally  divitledlou- 
gitmlinally  into  two  pieces*  so  that  by  this 
division  it  gets  both  increased  fle.\il)ility 
and  strength.  There  arc  numerous  other 
forms  of  these  rays.  AVe  frequently  find 
them  juinted  and  rannticd,  as  in  all  the 
fins  of  the  perch  except  the  first  dorsal, 
constituting  the  soft  rays  of  fishes.  It 
is  from  this  dilt'oreuce  in  these  rays, 
which  yon  observe  nre  originally  deve- 
loped from  the  vertebral  column,  that  the 
great  division  of  fishes  into  acautbop- 
terygit  and  mafau^ptcrygii,  two  orders 
which  comprehend  moat  of  the  known 
9])ecies  of  this  extensive  class  of  ^  erte- 
hiQX&f  \im  h^u  foiuded  by  natuialists. 


Tbui<  then  ti'fi  have  got  organs  deve- 
loped along  the  median  line  in  fishes, 
which  do  not  manifest  themselves  in  the 

human  bodv— whicb  ftt*^  not  developed 
nor  required  in  the  highef  forms  of  ver- 
tebrated  animals,  particitlarly  in  tbosa 
that  live  upon  the  dry  land,  or  fly  through 
the  atmosphere.  This  is  the  origin  o»  the 
various  fins  that  are  placed  on  the  m^** 
line.  When  they  are  devclopetl  from  tUo 
spine,  between  the  head  and  the  tail  oit 
the  middle  of  the  back,  they  arc  called 
tfomr/  (0*  75)  flns  ;  at  the  extremity  of  tho 
tail,  caudal  (71)  fins;  between  the  tail  and 
the  anus,  anal  (79)  fins.  Such  arc  tho 
organs  of  motion,  thus  developed  from  the 
skeleton,  placed  upon  tiie  median  line. 

Kow  Nve  observe  the  same  pbenomcnoii 
takujg  place  in  the  development  of  the  trans- 
verse pixicesses.  The  tranmene  proeesfett 
{L*t  dt  d)  of  the  vcrtebne  of  cartilagiuott.1 
'fT-hes  are  p:encral:y  imperfectly  dew  lojjed* 
V.  hvn  those  parts,  however,  jeqiurt  a* 
I  greater  development,  we  find  that  they 
i()l)t;iiii  a  separate  centre  of  ossification — 
a  separate  uutritiuus  artery ;  for  the  cbioC 
mystery  in  dev^pment  lies  in  the  dis* 
tribu'i  n  of  lloedvessels — the  nutrition* 
arteries  of  the  bones.  When  the  tiaus- 
vcrse  process  extends  much  at  its  extre- 
mity, there  is  a  separate  nutritious  artery 
— a  new  centre  of  ossification,  whieb  deve- 
lops a  small  W6  (//*,  p,^),  as  yon  see  iu  these 
skeletons  of  sharks  ami  rays.  HowcyersmaU 
that  detached  portion  is  at  the  extremity 
of  the  transverse  processes,  it  is  called  a 
rib.  It  may  not  be  the  twentieth  part  of 
the  length  of  the  transverse  ])roeess  tu 
which  it  is  attached.  Thus  then  we  ob- 
tain a  new  p»t,  which  may  proceed  in 
its  development,  it"  required,  to  a  very 
great  extent,—  till  thosii  of  the  opposite 
sides  meet  in  fiout. 

What  I  h.ave  said  regarding  the  develop- 
ments from  the  spinous  processes  ahove^ 

may  be  said  with  regard  to  those  below. 
They  may  develop  an  interspinous  bunc, 
and 'that  ray  projecting  from  the  body, 
and  would  give  us  a  series  of  rays  belong- 
ing to  an  anal  fin.  In  tbe  bifrbcr  forms  of 
the  vertebnitcd  animals,  there  is  but  littlo 
use  for  the  development  of  the  spinous  prO" 
ccsaes  below;  but  still  you  o1)scr\-e  them, 
in  the  coccygeal  region,  tbrougliout  all  the 
vertebrated  classes,  although  developed  to 
a  less  extent.  The  spinous  procc=:scs,  tho 
two  lamina:,  the  transverse  processes,  and 
the  body,  all  develop  adrntiond  parts,  . 

for  the  two  lamin;e  develop  the  oblique 
processes.  There  are  two  other  ternnnal 
elements  of  the  body  of  the  vertebra,  which 
at  present  are  of  less  importance,  as  they 
beloni*  to  the  skeletons  of  bi:::her  vertc- 
brata.  \ou  pei-Qeive  \ii  ti»c3c  iskelefcoiw  oi  ♦ 
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cctarea,  that  thebody  f>f  the  vprtpbra  it<<plf  I  TnairiTnalia,  the  trunk  of  the  body,  or 
consists  of  three  ciemcut^ — the  central  the  ribs  that  envelop  it,  are  siispeuded 
fatrgeiwrlioii,  and  these  two  thin  terminal  I  verjr  ftr  forwards  upon  the  vertebral  eo* 
pieces  that  hound  the  body  above  and  be-  !  himn.  All  their  cervical  vertebrae,  con- 
low— the  terminal  elements  of  the  body  of  >  sisting  originally  of  seven,  have  become 
tBe  ▼cntotrrK.  Now  thus  we  have  the  ver- 1  thin  lamiiue,  and  are  often  anchyloaed 
tehral  column  formed  of  Tertebrse,  which  into  one  single  short  piece ;  and  even 
shoot  oat  elements  firom  lour  points  at  these  thin  laminae  tbemselveSj  which  were 
right  anglee  to  each  other ;  and  the  trans- 1  originally  seven,  diminish,  by  anchylosis 
"I'crse  processes  themselves,  like  the  s])in-  and  absorption,  in  after  life,  in  their  nun)- 
ous,  develop  archea  to  protect  the  verte- !  bcr ;  even  the  separate  foramina,  through 
bral  arteries.  j  which  the  nerves  originally  came  out 

It  is  chiefly  upon  the  position  occupied  |  from,  or  paated  into,  the  spinal^arnnr, 
hy  these  parts  developed  from  the  verte-  *  coalesce,  many  of  them  into  one,  so  that 
bral  column,  and  ujvou  the  extent  of  their  1  you  cannot  possibly  count  the  original 
development,  that  the  skeletons  of  the  i  number  in  the  adult  of  many  of  the  ceta- 
Tortel^ated  animals  diifer  so  much  from  ceous  animals.  You  will  observe,  that  in 
each  other.  You  see  how  obviounly  the  quadrupeds,  whose  carcass  is  suspended 
ribs  are  developed  from  the  transverse  horissontaUy  on  fonr  pillars,  the  part  of  the 
processes  in  the  lowest  classes  of  verte-  vertebial  column  from  which  the  trunk 


brata}  and  so  are  all  the  other  arches 
wbidi  hang  down  from  the  sides  of  the 
vertebral  column,  from  the  lower  jaw  to 

the  extremity  of  the  roccj'x.  In  the 
shark,  and  in  many  of  the  cartilaginous 
fishesi  yon  have  only  small  rudiments  of 
ribs  at  the  extreinities  of  the  tran^iverse 
processes.  lu  others,  again,  these  trans- 
verse processes  tbemsdves  are  large  and 
hifmcated,  a  character  wc  frequently 
see  in  the  ribs  of  higher  animals,  par- 
ticularly In  birds.  The  ribs  form  parts 
of  great  importance  in  the  vertebrated 
classes.  They  extend  outwards,  or  hang 
down  from  the  sides  of  the  vertebral 
column.  They  form  the  walls  of  a  cavity 
that  is  to  lodf^c  and  protect  some  of  the 
organs  most  important  to  the  continuance 
of  life.  When  the  ribs  begin  to  be  de- 
veloped from  the  first  vertebra  behind  the 
hea<l,  wc  commonly  say  there  are  no  cer- 
vical vertebne.  It  is  ao  in  fishes  {N*  'A) . 
We  see  the  same  thing  in  serpents,  lu 
them  the  ribs  begin  from  the  atlas,  and  so 

{iroceed  downwards;  therefore^  in  common 
anguage,  we  any  there  are  no  cervical 
vertebTO.  When  there  is  a  considerable 
interval  between  the  first  or  most  anterior 
ribs  and  the  skull,  we  say  then  there  are 
a  great  number  of  cervical  vertebra",  as  Ave 


or  osseous  case  for  the  viscera  is  sus- 
pended is  more  near  the  middle;  so 
that  there  are  several  distinct  moveable 
cervical  verte!)rgp,  and  several  caudal  ver- 
tebra;.. This  }  ou  oljserve  in  the  badger, 
and  in  this  skeleton  of  thehyrax  {N*,  1  a), 
the  coney  of  the  Scriptures,  which  I  now 
hold  in  my  band. 


■■  J  ft  /  a  ^'^^^ 


The  particular  part  of  the  vertebral  co- 
lumn then,  from  which  the  ribs  are  deve- 
loped, and  which  is  a  oomparatively  fixed 
portion,  produces  a  most  important  altera- 
tion in  the  general  form  and  character  of 
the  whole  Skeleton.  In  the  vertebrated 


c  lasses  then,  you  see  that  these  ribs,  which 
see  in  this  penguin  and  in  the  whole  claas  of  i  tend  to  limit  the  motions  of  the  vertebne, 
birds  {N*,  2  e).  Thus  in  the  swan  we  find  |  are  confined  to  the  anterior  parts  in  fishes, 

there  are  twenty-three  vertebra'  developed  ,  and  in  the  cetaceous  animals,  so  that  the 
before  wc  come  to  the  development  of  the  i  whole  posterior  part  of  the  column  in 


ribs ;  twenty>thrce  vertebne  iietween  the 

skull  and  the  first  pair  of  ribs;  that  is 
to  say,  the  ribs  of  the  trunk  arc  sus- 
pended in  birds  from  a  part  of  the  verte- 
bral column  much  further  back  than 
in  fishes,  so  that  the  long  neck  of  birds 
compensates  for  the  want  of  prehcosile 
arms.  The  animals  belonging  to  the  class 
mammalia,  which  come  nearest  to  fishes 
in  their  general  form,  are  the  cetaceous 
mammaliat  W«  flnd  that  In  ^  cettc^us 


them  is  free  for  action.  But  birds,  that 
arc  to  stand  erect  npon  their  posterior 
extremities  alone,  and  canuot  put  down 
their  hands  to  rest  on  the  ground,  they 
being  converted  into  wings  fw  flight, 
require  to  have  their  neck  much  Ion::: b- 
eued,  to  reach  the  ground,  in  order  to 
pick  up  objects,  and,  consequcnUy,  they 
have  the  ribs  developed  only  from  the 
posterior  part  of  the  vertebral  column, 
and  wore  than  twenty-two  ceivicai  vec* 
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oi'  the  swan. 

.  When  we  trace  in  the  osseous  fishes  the 
fbrma^on  of  that  inferior  canal  vhich 
lodges  the  continuation  of  the  aorta,  and 
the  great  vein  proceeding  to  the  kidneys, 
We  find  that  it  is  formed  In  fhoee  animals, 
not  by  the  meeting  of  laininiv,  as  in  land 
animals,  but  by  the  transverse  processes, 
which  extend  outwards  and  are  far  dis- 
tant ftom  eadi  otbw  iA  the  region  of  the 
abdomen,  where  they  protect  the  viscera, 
gradually  converging  as  they  approach  the 
anus,  and,  as  you  will  observe,  at  length 
meeting  behind  that  passage,  to  form  a  ])el- 
vic  cavity,  Here  the  transverse  processes 
have  met,  and  formed  a  large  drde.  That, 
joined  to  tlioso  which  succecl,  forms  a 
scries  of  circles,  and  so  lart;e,  that  in 
fishes  they  almost  serve  the  jmi  poses  of  a 
pelvis ;  for  we  find,  in  the  male,  the  testi- 
cles, and  the  Tcidncys,  and  the  air  bap,  as 
well  as  the  conliQuatiou  ot"  the  great 
bloodvessels,  and  In  the  female  the  o^'aries, 
with  the  other  common  parts,  extending 
into  the  circles  formed  by  the  trans- 
verse processes  of  the  coccygeal  vertebne, 
converging  and  meeting  below.  Thus, 
in  place  of  developing  ribs,  they  develop 
inforlor  spinons  processes,  interspmons 
bones,  and  the  rays  of  anal  fins.  And  wc 
see,  that  in  place  of  impeding  the  lateral 
motion  of  the  tail,  by  extending  out  from 
the  sides,  they  are  bent  down  to  assist  in 
forming  a  broad  surface  to  strike  the  wa- 
ter, and  to  ]notect  from  external  injury 
the  continuation  of  the  aorta,  and  the 
great  inferior  vein  returning  the  blood 
fmm  the  caudal  parts,  to  be  ramified 
through  the  kidneys,  as  the  vena  porta 

through  the  liver.  The  canal  above  the 
liodies  of  the  vertebra:  transmits  also,  he- 
sides  the  spinal  marrow,  a  large  venous 
trunk,  which,  likewise,  sends  numerous 
branches  to  the  kidneys.  Many  of  the 
posterior  caudal  (O*,  78)  A'ertebne  give  sup- 
port to  the  rays  of  the  caudal  fin,  as  well 
as  the  last  vertebra  (70),  which,  however, 
is  the  most  compressed  and  the  most 
lengthened.  This  last  vertebra,  Inde^  Is 
almost  n\\  sjiinous  p^oces^?,  i'^s  -nprrior  and 
inferior  spinous  processes  being  strongly 
expanded,  directed  haekwards,  and  almcMt 
meeting  behind  on  the  median  plane.  The 
holes  in  the  middle  of  the  bodies  of  the 
Tcrtchnc  ai"e  so  large  in  many  cartilagi- 
nous fishes,  that  the  intervertebral  s\ib- 
stancps  form  a  continuous  headed  chord 
throughout  the  whole  of  the  column,  as 
you  see  in  tholttmprey. 

We  thus  oiNwrve  that  the  vertebral 

column  beyond  the  ahdomcti  develops,  both 
above  RTu'l  below,  several  elements,  corre- 
^juuiiiiiK  b^LttcUy  on  thMfi  two  lidei*  Xiua 


\^rtebral  column  we  trace  in  fishes;  through 
the  door  of  the  cranium,  through  the  1^ 
silar  part  of  the  occipital  hone,  throogh  the 
sphenoid  bone,  and  through  the  ethmoid 
to  the  point  of  the  cartihigc  of  the  nose ;  and 
tXL  tiiese  run  here  in  the  same  straight 
line  with  the  rest  of  the  vertebral  column. 
So  constantly  do  we  find  the  characters 
of  the  posterior  vertebrae  to  continue  for- 
wudsthroi^h  the  cranium,  that  yea  will 
observe  the  body  of  tlie  first  cranial  ver- 
tebra, or,  in  the  language  of  human  ana- 
tomy, the  basilar  part  of  the  ocdpital  hone,- 
has  the  same  concave  surface  which  the 
\%rtebra  had  that  united  to  it.  This  first 
cranial  vertebra  is  nmoh  enlarged  in  fishes, 
for  in  them  it  requires  to  contain  not 
merely  the  nervons  system,  but  a  large  de- 
velopment of  the  arachnoid  coat  of  the 
hrain.  That  arachnoid  coat  is  developed 
into  a  loose  cellular  tissue,  filled  with  a 
colourless  glairy  liuid,  and  occupies  all  the 
upper  part  of 'the  cwrity  of  the  skull  ef 
fishes.  By  th\is  expanding  the  occipital 
bone,  it  gives  that  which  is  nccesswy 
and  impertant  in  fishes,  a  fange  snrfooe  <v 
attachment  for  the  powerful  muscles  that 
are  to  extend  along  the  vertebral  column, 
and  to  move  it.  The  elephant  for  ex- 
ample, in  the  mmmialie,  which  requires 
also  to  have  an  enorinously  expanded  oc- 
cipital bone  tor  tlie  attachment  of  muscleSt 
has  it  expanded  by  the  development  of  tte 
diploe,  and  not,  as  in  fishes,  by  an  enlarge- 
ment of  the  cranial  cavity  for  receiving 
thehtain. 

In  fishes  that  diploe  is  a  structure  but 
slightly  devehiped,  fov  tiieir  cranial  honet 

are  all  thin  diaphonous  laminae,  as  those 
of  the  human  fustus ;  but  the  cavity  of  the 
skull  itself  is  developed  in  fishes,  and  is 
filled  by  simply  developing  the  arachnoid 
coat,— that  dairy,  soft,  gelatinous  sub- 
stance which  you  seeouopeuing  the  skull 
of  fishes.  This  posterior  crani^  vertehnt 
consists  of  distinct  parts,  which  surround 
the  occipital  foramen,  and  which,  by  be- 
coming anchylosed  together  in  the  warm* 
blooded  vertebrata,  constitute  the  oc<  ipital 
bone.  The  basilar  part,  by  whteh  bIoob 
the  h^  h  yet  articulated  to  the  verte- 
bral column,  forms  the  body  of  this  ver- 
tebra, and  its  other  elements  form  an  arch 
above  and  an  arch  below,  a»  in  the  verte- 
bra!  of  the  trunk  I  have  already  descr3>ed« 
The  two  external  and  the  two  lateral  occipi- 
talsform  the  upper  arch,  and  the  twooper- 
cular  and  two  subopercular  bones  omsti- 
tute  the  lower  arch.  An  l  proceeding  for- 
wards  along  the  floor  of  the  cranium,thrQugh 
Ihe  anterior  portion  of  the  basih»>  bone,  the 
two  portions  of  the  body  of  the  sphenoid,, 
which  is  here  remarkably  long,  through 
^Lmi  body  iuid  iamiua  dL  t£e  ethmoid  bono 
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»nd  the  caHila^e  of  the  nose,  uhich  in 
fishes  is  situated  between  the  vomer  and 
the  intmnMdllaries, — we  pass  through  the 
bodies  of  seven  cranial  vertebne,  which 
have  each  their  superior  and  their  inferior 
aicht  including  all  the  bones  of  tiie  oper> 
culuni,  the  craiiiuiTi,  mid  the  face,  in  their 
oomposition.  This  nuiuber  of  vertebrse  is 
mane  as  tbat  of  the  segments  whkh 
St«.au8  thinks  he  can  detect  in  the  head 
'of  insects.  So  that  each  veitebra  of 
^e  cranium  of  the  most  complex  fishes  is 
considered  as  being  formed  of  a  body  with 
two  pairs  of  elements  above  and  two  pairs 
below,  which  enumeration  takes  in  every 
diftinet  eliisincnt  observed  to  be  developed 
?n  the  t  mninl  vertehnc  in  the  most  com- 
^^lex  forms  of  the  head.  Indeed  it  is  only 
f  n  ^e  most  complex  structures  that  this 
4t  to  be  luolced  for,  as  I  observed  to  you 
^ijetore  in  speaking  of  the  elements  of  the 
annular  segments  of  insects,  where  we 
have  also  to  slody  the  true  nature  of  these 
ciemcTits  in  the  most  complex  form  ^  of  the 
thoracic  segments.  But  althougii  <ill  the 
vlsaients  of  every  bone  are  not  requiied, 
<alid  not  developed  in  higher  animals,  the 
relations  of  those  that  ai'c  developed  are 
not  altered. 

The  cranial  Tertcbi-ac  here  c<>ntinue  for- 
^vards  in  the  same  line  with  those  of  the 

rest  of  the  cohmm,  and  their  elements  are 
iK»t  niiitcd  by  serrated  sntures.  Tliesc  cra- 
nial elements  form  lamina;,  which  aie  al- 
iiiost  without  diploe,  and  when  they  meet 
in  the  progres;?  of  ossification  they  o\  ei'lo|) 
each  other,  and  thua  formquamous  sutures 
throughout  the  crantatni.  &o  that  the  whole 
of  the  bones  of  the  head  of  fifrhcs  continue 
to  grow  equally  with  those  of  the  rest  of 
the  body  through  life,  and  there  is  no  dif- 
ference of  proportion  between  the  cranium 
and  face  in  the  young,  the  adult,  or  the 
t^ed  animal,  as  there  is  in  those  vertc- 
brata  where  the  cavitjr  of  the  skull  is  filled 
by  the  brain,  and  corresponds  in  form  and 
size  with  that  urgau.  iu  lisheii,  the  small 
hrun,  consisting  of  the  olfactory  tuber- 
cles, tbc  hemispheres,  the  optic  lobes,  and 
the  cerebellum,  li^  at  the  bottom  of  the 
cranial  cavity.manyltinies  larger  than  that 
organ,  and  therefore  tho  forni  and  size  of 
the  brain  which  var^  with  the  perio<l  of 
life,  as  in  other  animsls,  have  here  no 
relation  to  those  of  the  skull.  In  the 
warm-blooded  animals  the  great  dcve- 
lopnjcnt  of  the  cerebral  ceutres  not  only 
fills  the  entire  cavity  of  the  skiiU,  but 
so  dilates  and  transforms  the  appearance 
of  the  superior  ci*auial  elements,  that 
tbejr  lose  all  that  vertebral  form  which 
^ve  ^ee  so  manifest  in  the  fishes,  Tiie 
cup-like  cavity  of  the  back  i>art  of  the 
bMifatf  bone  la  aonetimes  found  abo  al 


its  anterior  termination,  where  it  joins 
the  body  of  the  sphenoid,  and  the  same 
hollow  cavity  is  repeated  on  the  body  of 
the  sphenoid  bone,  as  on  the  bodies  of 
the  vertebrae  of  the  back  part  of  the  co- 
lumn. The  great  rize  m  the  occipittd 
spine  (0*,  8),  so  important  here  for  thi^  .tt- 
tachment  of  the  muscles  of  the  spine,  is 
pro))ortlonod  to  that  of  the  spinous  pro- 
cesses throughout  the  rest  of  the  verte- 
bra2,  and  the  same  spinous  elevation  is 
often  continued  over  the  whole  cranium 
to  the  nose.  The  parietal  bones  are 
generally  kept  apart  from  each  other  in 
fishes,  as  in  cetaceous  mammalia,  by  tho 
extension  forwards  of  the  occipital  bone 
on  the  roof  of  the  cranium,  from  the 
lineal  direction,  of  the  head  on  the  co- 
lumn. The  temporal  bones  (12)  have 
all  their  elements  large  and  detached, 
and  in  the  osseous  fishes  the  petrous 
portion  does  not  contain  within  it  the  in- 
ternal ear,  as  it  does  in  the  cartilaginous 
s])ecies,  and  in  the  higher  vertebrata. 
The  froutul  bones  are  of  great  size, 
as  in  most  of  tho  cold-blooded  verte- 
brata, but  it  is  among  tbc  warm-blooded 
animals  that  they  acquire  their  arched 
form,  to  correspond  with  the  gr^it  deve- 
lo])iiieiit  of  the  hcmispherci  which  they 
cover.  The  jugal  bones,  which  in  the 
blowing  cetacea  form  a  very  slender 
arch,ed  boundary  to  the  lower  margin  of 
the  orbit,  are  here  in  tbc  same  situa- 
tion, and  corapost.d  of  u  series  of  small  de- 
tached elements,  corresponding  with  the 
detached  and  moveable  condition  of  all  the 
elements  of  the  bones  of  the  face  in  fishes. 
This  mobility  is  most  remarkable  in  the 
])alsiiinc,  the  superior  mr.xillary  (18),  and 
the  intermaxillary  bones  (17),  which  allows 
this  part  of  the  face  to  be  protruded,  like  a 
moveable  proboscis.  The  analogy  of  these 
cephalic  vertebra;  to  those  behind,  is  fur- 
ther seen  in  their  mode  of  connexion  with 
the  vertebral  colunm.  The  occipital  bone 
is  united  to  the  atlas,  not  by  its  two  lateral 
condyloid  parts,  but,  as  in  the  other  verte- 
bra;, by  the  body  or  basilar  part  There 
is  a  beantiful  transition  as  we  asciMid 
thi-ough  the  vertebrated  classes,  from  tins 
condition  of  the  T&rtehnl  column  in  fishes 
to  that  condition  which  we  see  in  man, 
where  the  head  has  been  shifted  from  the 
body  of  the  first  cranial  vertebra  to  the  latc> 
ral  condyloid  pieces;  so  Uiat  in  mammalia 
it  poises  upon  these  two  condyloid  es, 
and  has  \o&i  its  connexion  with  the  h  jAy 
of  the  bone,  or  its  basilar  part.  There  is 
a  det;rad.itiou  of  the  development  of  the 
vertebral  column  at  both  of  its  extremi- 
ties in  all  the  vertebrated  dasses.  In  the 
higher  classes  of  iiv.mals,  and  in  man  him- 
self, we  have  the  most  perfect  develop- 
ment ia  these  cranial  portions  of  the  vejc^ 
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tcbrd  column ;  but  as  we  pass  down 
through  the  sacrum,  we  gradually  lodc 
■ome  of  flie  demeDts;  m  we  pan  along 
tbe  eoQcyit  m9  low  icvecal  of  thflae  ale> 


ments,  and  get  the  fornmhia  of  the  rcrte* 
bise  thrown  open,  att  it  were,  till  at  length 
they  are  left  with  only  tbe  bodies  of  tbt 
vertebns  devdoped. 


0» 


T»  


The^fer Jew^bone  (18),  in  the  osseous 
fishe?,  as  you  see  in  the  skeleton  of  the 
perch  (0*j  runs  transversely  along  the 
«|iper  and  fore  part  of  tbe  mouth,  parallel 
with  and  behind  the  inter-inaxillary  hone. 
The  auperior  jaw-bone  in  most  fishen  is 
•xtensivelf  movealble  upon  tbe  real  of  tbe 
HkuU.  Tlic  iiiter-inaxillary  boncd  fl7)  form 
the  most  anterior  moveable  part  of  the 
upper  portion  of  tbe  mouth,  the  part 
which  in  this  lopblva  you  observe  covered 
with  teeth,  although  there  are  no  teeth 
here  in  the  superior  niaxillaries.  The  t^^'0  i 
inter-maxiUaiy  bones  arc  here  greatly  de- 
volo])od  transversely;  in  higher  animals 
we  shall  see  them  deveioping  longitudi* 
nally,  bat  not  in  tbe  next  class,  for,  in  the 
amphibious  class,  we  shall  see  ntnneroiis 
aifinities  to  fishes,  and  that  they  still  de- 
velop tbem  trantveraely.  These  teetb  hi 
llabes  cover  all  the  bunes  of  the  inoutli. 
'  Tb«y  are  placed  everywhere  around  the 
interior  of  the  month ;  we  find  that  some 
fishes  have  teeth  hi  tiM  inter-maxlllary 
bones,  in  tlie  superior  maxillary  bones, 
and  in  tlie  inl'erior  maxillaiy  boneii;  on 
the  o8  byoidea,  on  the  branchial  arches, 
in  the  pharyngeal  ])ones,  on  the  ])alatine 
iMjnes,  and  on  the  tongue  itself;  all  these 
parts  may  be  tbe  seat  of  teeth.  Tliese 
teeth  in  fishes  arc  not  fixed  in  deep  al- 
veoli by  a  root  or  iang.  The  fang  is 
almost  never  developed  m  fishes,  nor  in 
amphibia,  nor  in  serpents.  Hie  fang  is 
developed,  and  the  teeth  are  fixed,  in  deep 
alveoli,  where  tlie  jaw-bones  are  strong, 
where  these  bones  are  solidly  artionlated, 
and  where  tbe  teeth  rc(iuire  to  possess  the 
means  of  powerful  resistance ;  therefore  it 
ia,tlMit  in  llieserpents,  in  the  anphibioas 
animals,  and  in  tbe  osseous  fishes,  you 
aimoifc  nevw-  flod  langs  of  the  teeth,  or 


alveoli  fbr  thrfr  lodgment^  and  they  are 

merely  osseous  spines  without  enamel. 
This  feeble  attachment  then  of  tiic  teeth 
corresponds  with  the  imperfect  consolida- 
tion of  the  individual  bones,  and  of  this  part 
of  the  skeleton.  I  shall  come  to  that  again, 
when  1  speak  of  the  osteolof^  of  tbe  cro> 
codilrs,  tlio  f^avials.  and  the  alligatopR, 
which  have  the  whole  of  the  bones  of  the 
head  solidly  artionlated,  and  have  a  co- 
vering of  enamel  and  deep  alveoli  for  their 
teeth.  From  the  feeble  attachment  of  the 
teeth  in  fishes,  you  might  expect  that  they 
are  liable  to  he  lost  in  tbe  various  living 
movements  of  these  animals.  We  find, 
accordingly,  a  beautiful  provision  for  this 
rapid  Ion,  in  the  formation  of  nmnerons 
suc  cessive  scries  of  teeth.  Thus  you  ob- 
serve in  the  jaws  of  the  shark, — which 
are  woH  and  cartilaginous,  and  there- 
fore gjive  feeble  attachuieut  to  the  teeth, 
although  there  is  but  one  row  erect  at 
once,  and  ready  for  use,— there  arc,  im- 
mediately beneath  the  soft  membrane  of 
t1u>  gums,  numerous  other  rows  of  teeth 
really  to  rise  and  occupy  the  place  of  those 
which  are  lost.  Yon  will  generally  ob- 
serve that  fishes  have  not  a  siiit^le  row  of 
teeth  in  their  jaws  like  quadrupeds,  but 
numerous  rows,  crowded  together,  often  in 
the  most  irregxdar  manner.  And  we  often 
find  a  new  set  of  teeth  within  the  bases  of 
tbe  old. 

Now  from  these  parts  of  tbe  skeleton  of 
fishes,  extending  from  tbe  anterior  part  of 
tbe  face  to  the  last  of  tbe  coccygeal  vcrte- 
brs,  there  hang  down  numerous  arches, 
very  similar  in  their  ori^'iu  and  relations, 
suspended  from  tbe  column,  and  which 
tend  more  or  len  to  impede  the  motions  of 
those  jjarts  of  the  vertehral  column  to 
which  they  are  attaclied,  bat  you  ob* 
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genre  that  fishes,  like  eeteota,  liKVe  fiO 

fixed  vertebra  behind  the  occipital  bone — 
all  a3re  moveable  to  the  extremity  of  the 
tail.  Am  the  lege  of  fishes  and  the  pelvis 
of  oetacea  are  not  firmly  articulated  to 
any  part  of  the  vertebral  column,  there 
oould  be  no  vertebne  fixed  or  anchs  lo^ed, 
to  form  a  sacrum  in  these  animals,  and 
thoy  thus  jtossess  great  freedom  of  motion 
in  this  part,  for  striking  the  water  to  im- 
pel them  forwards.  The  cctacea  have 
lat  ere  transverse  processes  of  the  coccygeal 
vertcbrsD  for  the  muscles  which  raise  and 
depreM  die  tail,  their  asoending  and  de> 
•oendin^  motions  being  necessary,  from 
their  breathing  by  means  of  lungs.  But 
In  fiahei,  where  the  breathing  is  aquatic 
or  by  means  of  bran  chine,  there  i.o  ne- 
cessity for  the  ascending  and  descending 
niotionSf  but  only  for  motion  in  «  hori- 
zontal Tine  throngh  the  element  which 
they  breathe.  Hence  the  transverse  jiro- 
cessus  of  their  coccygeal  vcvtchnc  are 
venoved  from  the  sides  of  the  vertebne, 
where  they  would  only  impede  motion, 
and  are  turned  downwards  to  meet  each 
other,  and  form  an  inferior  canal  for  tiie 
^eat  vessels,  which  in  cctacea  are  pro- 
tected in  the  same  place  by  the  develop^ 
ment  of  inlhrior  laminte  and  epinoat  pit>« 
cesses.  Thus  natnre,  c\'cr  fertile  iu  re- 
•ources,  can  vary  the  form  or  size  of  com- 
mon etementa  of  structure,  to  suit  living 
habits  and  i»e«  the  most  diversified,  with- 
out ever  being  compellefl  to  ohanpe  en- 
tirely the  plan  whita  she  hut^  adoiiteJ  lor 
the  OOnatniction  of  vast  trihe^  of  animals. 

To-morrow  I  shall  proceed  to  the  other 
parts  of  the  skeleton  of  fishes. 
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TEARS. 

The  first  di&orders  experienced  by  the 
patient  Berger,*  after  the  Hgatnre  of  the 

artery,  were  evidently  nervous  ;  they  had, 
in  tact,  appeared  before,  during  ttie  dis- 
ease, and  continued  to  complicate  all  the 


ies  iMmn,  UM  M«tiP*S* 


o^er  aedieBts  wlkich  supervened  dtnlng 
its  course.  Berber  hnd  supported  the 
operation  without  a  complaint,  but  he  felt 
some  desire  to  vomit,  and  had  a  sli|^ 
fainting  fit  after  the  dressing.  He  was 
placed  in  bed  with  the  head  elevated  by 
pillows,  the  thighs  and  legs  flexed  on  the 
pelvis,  and  the  left  leg  was  surrounded 
with  bags  of  warm  sand.  Infusion  of  Xtit- 
den  Leaf  and  Ormffe  Fkrmtn  was  ordered 
for  drink,  and  broth  for  nourishment. 
During  the  course  of  the  day  on  which  the 
operation  v.as  perlomicd,  he  did  not  ex- 
perience any  numbness  in  the  limli,  the 
sensibility  and  motion  of  which  were  per- 
fect }  the  heat  was  not  diminished  for  a 
moment;  on  the  contrary,  it  seemed  to 
the  patient  to  be  elevated,  hnt  the  hand 
could  detect  no  difference  of  temperature  j 
but  the  patient's  countenance  was  altered, 
acute  pain  was  constantly  felt  in  the  epi- 
gastric region,  and  there  was  constant 
eructation  of  wind.  In  the  middle  of  the 
day  he  ex])erienced  a  gfeBflsBl  heat  over 
the  body,  the  face  became  much  coloured, 
aiul  lie  was  thir:ity ;  pulse  quick  and  liard. 
In  the  evening  the  epigastric  region  waa 
tympanitic,  and  the  anxiety  of  the  j>atient 
extreme.  We  prescribed  an  infusion  of 
CIsiNNMNNife  Wknotn  4nd  AMnt  \  dry  fiFlo<» 
tions  to  ihc  .iln'omen  ;  and  ordered  the  pa- 
tient to  be  bled  during  the  night,  if  any 
sign  of  cerebral  or  other  congestion 
should  i^t  in.  In  the  nigh^  pain  in  the 
eptgaf?tric  rcpinn,  with  the  discharge  of  B 
great  quantity  ol  (^as  ;  no  sleep. 

On  the  2nd  day  the  sensiliiUtf  and  mo* 
bility  of  the  limb  still  remained  perfect; 
its  heat  seemed  increased,  on  account  of 
whldi  the  sand  bage  were  replaced  by 
warm  flannel  The  epigastric  pain  r  on- 
iinuod  violent,  and  the  stomach  was  so 
distended  with  gas,  that  it  oould  be  traced 
through  the  abdominal  parietes;  IIm 
pulse  was  less  developed  than  on  the  even- 
ing before;  the  countenance  sunk,  tongue 
dry,  and  oovn<ed  with  a  dark  crust,, 
which  also  enveloped  the  teeth  and  lips. 
He  was  ordered  a  glyster,  composed  of 
two  ouncee  of  DeeeeMon  qf  Ttmmrimit  in 
ci[;ht  onnrpf  of  water,  which  was  repeat- 
ed, as  the  hrst  produced  no  efiect.  Thia 
was  soon  disclwrged,  bringing  with  il  m 
little  fecal  matter,  and  detcnnining  ths 
discharge  of  a  good  deal  of  <«^ind,  which 
relieved  the  patient  for  a  short  time ;  but 
the  abdoMlnal  pain  soon  returned,  being 
always  accomparied  with  eructation  of 
gas.  In  the  middle  of  the  day  the  fstct 
became  flalwmely  coloured,  the  pulse  hMd 
and  frequent,  and  the  epigaxtric  pain  ex- 
tended to  the  hypoolKMulrium.  Twelve 
ouneee  of  Mood  were  ■faetmeted  kvm  the 
arm,  nnd  emollient  clysters,  with  veg©« 

tftbls  iOTBftPHlfl  ixti  ^ir'^t*!  WHS  prModbfldt 


Digitized  by  Google 


THE  LANCET. 


Vol.  I.]  LONDON,  SATURDAY,  JANUARY  11,  1834.  [1833^. 


UmVBRSrTT  OF  LONDON. 


LECTURES 

OS 

COMPAEATIVE  ANATOMY 
AND 

ANIMAL  PHYSIOLOGY, 

DELIVERED  BT 

■  ROBERT  E.  GRANT,  M.D.,  F.R,S.E., 

F«Uow  of  (be  Roy.  Cull,  of  Physicians  uf  £din. ; 
and  Vfmtewaowot  Coropnntive  Aaaitoiny  and  Aui- 
mal  Fkyiiokigy  In  the  Ualventty  of  LohmIob. 


LECTURE  XIIL 
ON  THS  OSTEOLOGY  OF  FISHES. 

I  HA^  r  now  spoken  (generally  of  the 
development  of  the  vertebi-al  column  ia 
fishes,  and  of  the  parts  which  ore  imme- 
diately developed  from  it. 

We  observe,  in  the  great  development 
of  this  central  pillar  and  first  rudiment  of 
tlie  riceleton,  and  in  the  small  develop- 
ments of  the  other  parts  of  fishes,  an  illus- 
iavtion  of  a  law  which  has  been  much  in- 
tisted  upon  by  the  French  anatomists,  and 
which  they  have  called  the  balnnnuKj  of 
orffanat  hy  which,  when  one  part  of  the 
•keleton,  or  other  systems  of  the  body,  is 
much  enlarged,  the  ])arts  that  arc  most 
immediately  connected  with  that  have  a 
small  or  retarded  development.  Thus  the 
great  development  of  one  part  is  said  to  be 
balanced  by  the  imperfect  development  of 
others. 

Yon  iRriU  observe  that  from  the  great 
development  of  the  vertebral  cohimn  in 
fishes,  and  those  primaiy  elements  which 
are  immediately  developed  from  that  as  a 
centre,  that  the  anterior  and  posterior 
extremities  are  hut  small  in  this  claiia  of 
anlmale* 

Ttiit  lawdoM  BOt  enable  iu  to  explain 
2f<i.64L 


much,  although  we  find  many  stnic- 
tures  here,  and  also  in  higher  dasses* 

which  corresponfl  with  that  general  an- 
nouncement. We  sec,  for  in8tance>  that 
in  serpents  the  vertebral  colmnn  ibrma 

almost  the  whole  of  their  skeleton ;  that 
that  vertebral  column  ia  exti-aordinar}'  for 
its  length,  for  the  number  of  its  pieces,  for 
its  density;  and  this  is  considered  as  a 
development  of  the  vertebral  column,  in- 
creaseil  at  the  expense  of  all  the  other 
parts  of  the  skdeton,  for  they  have  neither 
legs  nor  arms. 

But  it  does  not  appear  to  hold  univer- 
sally. You  will  observe,  in  the  mammt- 
fcrons  animals,  that  the  bat  has  its  anterior 
extremities  enormously  developed  for  the 
purpose  of  motion  through  the  air,  but  its 
head  and  thorax,  and  the  anterior  part 
of  the  vertebral  column,  suffer  nothing 
from  this.  The  kantjaroo  has  the  posterior 
part  of  its  vertebral  column — its  tail— » 
very  largely  developed,  yet  its  posterior 
extremities  sufi'er  nothing  from  that ;  they 
are  enormously  developed  compared 
the  anterior. 

In  speaking  of  the  anterior  part  of  the 
vertebral  column,  we  have  shown  an 
analogy  between  the  condition  of  the 
osseous  part  of  the  head  in  the  cartila- 
ginous fishes;,  and  the  embryo  condition, 
or  the  cartilaginous  condition,  of  that  part 
of  the  human  body ;  that  in  both  cases  it 
is  not  subdivided  into  pieces — that  suh« 
divisfonis  the  result  of  ossification. 

In  the  osseous  fishes,  then,  the  centres 
of  ossification  have  commenced  j  they  re- 
main permanently  detached,  and  thus 
wc  have  a  key  to  tluir  whole  osteo- 
logy. The  osseous  part  of  the  head  is  en- 
larged, chiefly  to  give  extensive  attach- 
ment to  muscles,  and  to  give  place  to 
large  organs  of  the  senses,  which  are  here 
of  great  si^e  on  account  of  the  sniallncss  of 
the  brain.  Those  parts  continne  to  grow 
through  life.  You  will  observe  that  thr» 
bones  of  the  head  of  fishes  do  not  unite  by 
serrated  sutures;  that  would  tend  to  check 
theircontinnedonlargomcTit,  to  arrest  their 
development,  pai  ticulaily  from  the  crys* 
talUne  mode  of  ossification  we  observe  In 
the  bgan^  of  tbls  daas— the  fpicpUv  ir* 
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rai)p;cmcnt»  the  fibrous  radiations  which  [  Thus,  you  observe,  that  an  aotliujlltuioe 
we  find  traversing  all  their  transparent  |  even  with  the  texture  of  the  recent  bones 
clastic  bones.  When  they  meet,  they 
dioot  over  each  other ;  they  pass  like  the 
temporal  bone  in  the  human  skull,  shoot- 
ing over  the  parietal  bone }  they  unite,  in 
fact,  by  squamous  sutures. 

This  allows  the  head— the  cranial  cavity 
— all  parts  of  the  osseous  structure  of  the 
head  of  fishes,  to  grow  through  the  whole 
of  life. 

The  cerebral  ganglia,  therefore,  lyin^;  at 
ihe  bottom  of  the  cavity  of  the  cranium  of 

.  fishes,  their  brain,  is  observed  to  be  pro* 
portionably  large  in  the  young  fishes  com- 
pared with  the  bulk  of  the  whole  body, 

:  and  compared  with  the  condition  which 
it  presents   at  maturity.    Measured  at 


of  animals  gives  the  geologist  sonic  slight 
assistance  in  deciphering  the  fossil,  an(l  in 
forming-  ;i  first  nOftion  of  the  class  of  ani- 
mals to  which  it  may  have  belonged*  before 
he  attains  to  a  knowledge  of  the  fonn  of 
the  bone,  and  proceeds  at  length  to  his 
more  minute  comparisons  to  arrive  at 
the  detennina^n  of  the  genus  ai^  the 
species. 

In  speaking  of  the  vertebral  colnmn,  I 
directed  your  attention  to  the  transverse 
processes,  very  important  elements,  whieh 
we  observe  extending  from  the  sidca,  as 
well  as  to  the  spinous  processes  above  and 
below.  We  saw  the  manner  in  whieh 
the  transverse  ])!  ocesses  in  fishes  are  bent 


that  period,  therefore,  you  find  that  i  down  to  meet  below  in  the  coccygeal  re- 
It  fills  a  larger  proportion  of  the  cavity  |  gion,  so  as  to  prodnoe  there  the  inflnior 

of  the  skull  in  the  young  state,  and  that  i  spinous  ])rocesses— a  structure  which  you 
it  fills  a  much  smaller  pro^rtiou  of  the  do  not  find  in  the  higher  classes  of  animals 
lai-gc  cavity  of  the  skull  in  the  adult  where  the  transverse  processes  have  an 
state,  which  shows  you  tliat  the  skull  had  I  existence  sepaiate  from  the  inferior  spi- 
continued  to  grow  when  the  brain  had  1  nous  processes,  as  we  see  in  the  skeleton 


stopped  or  been  retarded  in  the  march  of  its 
.devdopment.  The  intervening  spaceji  be- 
tween the  brain  and  the  bones  of  the  skull 
are  thus  further  filled  up  by  an  increased 
development  of  the  arachnoid  coat*  that 
soft,  fine,  glairy  substance  which  you  find 
Ming  all  the  upper  pai  ts  of  the  skulls  of 
fishes,  and  placed  between  the  pia  maier 
covering  the  brain,  and  the  dbira  mater 
lining  the  cranial  bones. 

lu  the  bones  of  the  head,  and  in  the 
Other  bones  of  the  skeleton  of  fishes,  you 
do  not  find  cavities  for  the  lodgment  of 


of  the  porpoise  and  other  cetaceous 
animals,  althoogh  these  detached  inferior 

spinous  processes  may  be  conndrred  to 
have  been  originally  derived  from  the 
transverse. 

Tlie  leason  why  these  transverse  pro- 
cesses are  present  in  the  cetaceous  ani- 
mals, and  for  the  most  part  absent  in 
the  coccygeal  region  of  fishes,  is,  because 
the  vertebral  column  in  fishes,  as  in  the 
tad[}oles  of  amphibia,  must  move  fi-om  side 
to  side ;  in  the  cetaceous  animids  the  ver* 
tebral  column  moves  downwards  and  up* 


marrow,  these  are  developed  chiefly  in  the  i  wards. 
•Iwt-blooded  animals.  They  are  for  the    This  yon  observe  from  the  direction  of 

most  part,  therefore,  slender  bones,  con- 'the  tail,  which  in  fishes  is  peq)endicular, 
taining  a  large  proportion  of  aqueous  and  ,  but  in  the  cetaceous  animals  it  is  horizon* 
of  animal  matter.  'It  is  this  great  pro-;tal.  It  is  perpendicular  in  fishes,  because 
j)ortiou  of  cartilaginous  matter  which  { they  do  not  require  to  ascend  to  tlie  sur- 
gives  that  glistening  surface  to  tlie  bones  face  of  the  water  to  breathe  atmospheric 


of  osseous  fishes  in  the  recent  state,  par 
ticularly  when  they  are  dried  or  boiled, 
and  their  toughness,  dasticity,  and  trans- 
>parency. 

It  appears  to  be  the  same  abundance  of 

animal  matter  in  proportion  to  the  phos 


air  ;  they  breathe  the  air  contained  in  the 
medium  in  which  they  reside.  The  cet»> 
ceous  animals  have  the  tail  directed  hori- 
zontally, because  they  must  strike  down 
the  tail  to  raise  the  heed  up  to  come  to 
the  surface  to  breathe  atmospheric  air  by 


phate  and  carbonate  of  lime,  and  the  mag-  \  means  of  lun|;s  ^  they  must  strike  the  tail 


•  nesta  which  Is  found  In  the  hones  of  osse-  \  upwards  to  direct  the  body  downwards  to 

ous  fishes,  that  produce  that  dark, charred  |  save  themselves  and  their  young  in  the 
.colour,  and  that  glistening  surface,  which)  depths  of  the  sea,  or  to  pursue  their  prey, 
you  see  in  these  fossil  remains  of  fishes.  Fishes,  therefore,  you  perceive,  are  or- 
Were  the  proportion  of  those  earthy  gan is ed  to  move  in  a  dense  element,  and 
matters  in  the  bones  of  fislies  to  the  ani-'in  a  horizontal  p!nne  ;  this  they  do  by 

causing  the  taii  to  Nwccp  firom  side  to  side, 
and  to  strike  forcibly  backwards  the 
water;  they  do  it  partly  by  the  elasticity 
we  have  seen  in  the  vertebral  column,  by 
the  elastic  Iwlls  filled  with  a  liquid  matter 


mal  matter  great  sm  in  birds  and  quad- 
rupeds, in  place  of  these  dark,  glistening, 
almost  black  fossil  bones,  of  fishes  which  I 
hold  in  my  hand,  you  would  have  had 
these  bones  of  a  beautiful  white  odour. 


such  as  you  SCC  in  the  fossil  txmef'Of' placed  between  the  bodies  of  the  vertebra?, 
^uadn^eda*  |«ud  pnitly  by  tlie  vigour  of  the  iarg«  auU 


Digitized  by  Google 


otnsoixKFY  OP  mns. 


•71 


tnusdes  widdi  we  shall  see 
hereafter  disposed  in  strata,  and  covering 
4ie  whole  sides  of  this  vertebral  column. 

It  must  strike  you  as  remarkable  in  the 
vertebral  coluinn  of  fishes,  particularly 
thi'=;  is  the  fii>t  Intrmji!  '.-ertebral  cf'- 
lumn,  which,  in  ascending  from  the  ani- 
MMlealest  wa  bave  net  vrMi  thus  divided 
into  parts,  that  there  is  here  no  sacrtitTi, 
■ooh  M  you  see  io  the  buxnaai  body.  By 
tiie  MMsmni  we  mean,  in  comfNurstlre  ana- 
tomy, a  fixed  pait  of  the  vertebral  column 
for  the  attachment  of  posterior  extremi- 
ties. It  may  consist  of  one  vertebra,  as 
it  does  in  the  frog;  it  may  cmieiet  of  two 
▼erteline  anchylosed  together,  ni^  it  does 
in  many  q£  the  saurian  reptiles;  fre- 

anentfy  we  meet  with  three  vertebne  in 
ie  quadnirainous  mammalia;  in  the  hu- 
man body  we  have  as  many  as  five»  but  in 
birds  we  ehall  tee  twenty  in  them  oonsoli- 
dated  into  one  portion  to  form  an  enor 
inous  sacrum.  Those  are  vertebraj  which 
are  anchylosed  together,  so  as  to  give  a 
solid  attachnictit  to  the  iK>stcrior  extremi- 
ties, the  pillars  upoii  which  that  part  of 
the  ammal's  trunk  is  to  rest. 

The  p<^rt«rior  esftremities  of  fishes  are 
never  attached  to  the  vertebral  column. 
However  slight  the  obstruction  to  the  mo- 
tions of  the  vertebra!  colnmn,  which  tiiey 

would  produce  by  shooting  up  the  two 
iliac  bones  to  be  attached  to  the  sides,  they 
would  produce  an  impediment  to  the  late- 
ral motions  <d  the  odhunn;  they  would 
re(]nire  transverse  ])roces8es  to  be  deve- 
loped for  their  artictUation,  which  would 
be  ctf  themselves  a  powerfal  impediment 
to  Intcral  motion,  and  they  would  require 
vertebrae  of  a  Ibrm  entirely  different  from 
tihe  normal' diaracter  of  this  dass. 

Tlie  animals  that  cojne  nearest  to  fishes 
in  the  flexibility  of  their  coccygeal  region, 
and  in  the  whole  of  the  posterior  part  of 
their  vertebral  column,  are  the  cetaceous 
animnls,  and  they  have  no  trace  of  a 
sacrum.  From  the  cervical  vertebra;  back- 
wards to  the  last  of  the  coccygeal  vertc- 
bnr,  you  see  in  the  porpoise,  as  in  t})c  fisli 
belore  you,  that  all  the  vertebra:  have  a 
nice  freedom  of  motion;  that  no  sacrum 
could  be  formed  on  the  vertebral  column 
of  a  fish,  or  of  a  serpent,  or  of  a  cetaceous 
animal,  for  there  are  no  vertebra  in  the 
column  which  arc  placed  in  those  fixed 
eonditions  that  produce  a  sacrum  in  higher 
animals,  nor  is  there  a  trace  of  sacrum  till 
the  legs  develop  in  man  and  mammalia; 
all  the  vertehrs  are  alike  firae  till  that 
period. 

The  fixinir  of  the  traneterse  processes 

of  any  part  of  the  vertebral  column,  is 
effected  by  the  firm  attachment  of  Uiac 
honee  to  them,  wMeh  prevents  a  motlMi 
file-  "  - 


in  the  progress  of  growA  they  write  and 
anchylose,  and  thereby  prodiice  a  sacrmn; 

but  thrrc  i«  no  i)ortion  here  of  the  verte- 
bral col  urn  u  so  fixed,  every  part  of  the 
posterior  portion  of  the  cotaimii  Iteing  alike 
r  xerted  in  the  natural  movements  of  thd 
animal ;  they  are  icept  alike  detached. 

In  the  oomve  of  tliis  vertebral  colmnn, 
you  observe  that  where  the  ribs  cease,  and 
where  the  transverse  processes  unite  to- 
gether, rings  are  formed.  The  first  o^ 
these  rings  behind  the  anus  you  might 
call  the  first  coccygeal  vertebra— that  ver- 
tebra which  coutaius  the  first  comi)letely 
formed  ring.  It  is  from  this  part  that  the 
first  or  tnnst  anterior  interspinous  bone 
can  be  developed  below,  and  the  first  part 
from  which  a  ray  may  extend  downawdi 
on  the  median  line.  Then^  crm  be  no 
rays,  there  can  be  no  fini,  on  the  mediaa 
line  in  tfte  alnlominal  region  of  a  iisb,  be-* 
cause  there  are  no  spinous  processes  shoot- 
ing down  on  the  whole  of  the  abdominal 
region,  till  we  come  to  that  first  coccy- 
geal vertebra  behind  tlm  anna,  where  ths 
two  transverse  prnrf"i>cs  imite,  and  form 
the  descending  spinoiui  process.  Th^  the 
development  ontward  from  that  spinout 
process  gives  rise  to  the  new  interspinous 
bone,  and  that,  hy  being  prolonged,  gives 
rise  to  the  ra>-  shooting  m>m  the  body  to 
support  an  anal  fin.  Tims  there  can  be 
no  abdominal  fins  on  the  median  plane 
anterior  to  the  anus.  The  fins  which  we 
observe  anterior  to  the  anus,  and  toward 
the  lower  8urfiu:e  of  the  Ijody,  are  always 
in  pairs,  and  there  are  only  two  pairs  so 
situated^the  pectoral  and  the  ventral 
tins— the  arms  and  the  legs  of  the  fishes. 

As  we  have  got,  I  may  say,  to  the  pri* 
mitive  source  of  some  important  parti 
of  the  skeleton,  let  ns  observe  another 
change 'that  takes  place.  When  pai'ts 
have  thns  got  a  separate  centre  of  deve* 
lopment,  and  have  become  detached  nor- 
mal elements  of  the  skeleton,  fiom  the 
part  that  originally  developed  them,  they 
may  shift  to  and  fro  their  places.  That  yon 
can  see,  first  of  all,  in  the  inter-spinouS 
l)gues,  shooting  out  originally  in  a  straight 
line  from  the  termination  m  tiie  spinoot 
processes ;  they  may  he,  and  generally  are, 
thrust  in  between  the  spinous  processes, 
as  yott  observe  in  this  fi«reh,  and  in  this 
Icphiut,  or  the  common  frog  fish.  In 
tliem  these  interspinous  bones  are  thrust 
down  between  the  spinous  pix>cesse9. 
whereas  in  the  anterior  part  of  thfai  ike> 
leton  of  the  rod,  and  throughout  most  of 
the  back  of  that  animal,  you  observe  they 
are  placed  in  a  line  with  the  termination 
of  the  spinous  proressc?. 

Upon  taking  a  view  of  some  of  the  fonna 
of  fishes  which  an  most  different  Irom 
efldi  ottaeTf  yoa  peroeive  tint  iha  ptfrittoa 
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of  the  iater*flpin()U4  \>6xi6s  effects  import- '  point  out,  is  the  lower  jaw.  This  part  In 


ant  changes  in  the  form  of  the  whole 
body.  In  these  flat  fishcv,  the  cluetodons, 
"which  I  have  now  in  my  hand,  the  hack 
is  rciii.arlca1)ly  elevatrd,  and  the  ubdoininal 
region  is  extended  narrow  downwards,  the 
skies  being  octretnely  compressed. 

This  flatness  of  the  sides  and  great  ex- 
tension upwards  and  downwards,  arc  pro- 
ditceA  by  the  development  of  the  superior 
and  inferior  spinous  promnses  to  a  groat 
extent — a  great  development  of  the  infer- 
tpinous  bones  hoth  above  and  below ;  and 
somctitncj)  even  the  integuments  covered 


flshes  consists  of  nnmerotis  bone?i,  which 
seldom  luuto  or  anchylose  in  the  median 
plane,  as  they  do  lU  a  very  early  period  in 
birds  and  in  mnnyof  themammalia.  They 
are  tiirown  to  a  considerable  distance  be- 
hind firom  the  axis  of  the  vertebral  odluimi, 
by  the  cTCP-t  development  of  the  tympanic 
elements  of  the  temporal  bones. 

These  elements  remain  also  detached 
from  each  other  in  the  lower  jaw  of  most 
oi  the  other  cold-blooded  vertebrata,  Init 
they  are  fewer  in  number  in  the  lower  jaw 
of  flihes  than  of  reptiles;  and  some, 


with  scales,  monnt  up  over  a  part  of  the '  Blainville,  have  thought  that  the  oper- 
rajfs  both  above  and  below.  That  you  |  cnlar  bones  of  fishesi  attached  behind  the 
jierceive 


in  these  beaatifully-coloured 

which  I  now  show  yon. 
Thus  wc  see,  that  the  central  part,  and 
Aa  source  of  all  the  other  pieces  of  the 

skeli^ton,  is  formed  by  the  vertebral  co- 
lumn in  the  lowest  of  the  vertebrated 
classes,  as  in  the  ccnresponding  embryo 
condition  of  the  human  skeleton.  And 

this  vertebral  column  develops  snpcrior 
and  inferior  arches  to  surround  and  pro- 
tect importaat  parts,  and  to  aiford  surface 
for  the  attachment  of  innscles. 
Bat  those  two  arches  which  are  so  ob 


vions  Hi  the  coccygeal  region  of  the  skele- 1  sists  often  in 

ton  of  fishes  for  the  Iod::riiirnt  of  the  spinal '  eleven  bones. 


lower  jaw,  originated  from  the  elementsof 

this  jaw,  ^vhi(.■h  are  c^rnrrnll;-  deficient. 
The  two  pieces  on  each  side  most  constant 
in  fishes  are,  that  which  receives  and  sop* 
ports  the  teeth  {3i),  and  that  (35)  hy 
which  the  jaw  is  articulated  to  the  tem- 
poral bone. 

The  OB  hyoid^  is  an  arch  of  great  mag<* 
nitnde  in  this  class  from  its  connexion 
with  the  respiratory  branchijp.  It  consists 
of  numerous  pieces  attached,  like  the  other 
!  cephalic  arches,  to  the  fides  of  the  cranial 
portion  of  the  vertebral  column.   It  con- 
the  vertebrated  dasses  of 
In  the  human  1>odv,  two  of 


marrow  above,  aud  the  bloodvessels  below 
1$it  Ijodies  of  the  vertelme,  can  be  traced 

forward  along  the  colnmn  to  the  most  an- 
terior of  the  cephalic  vertebra;.  As  those 
^fertebral  arches  have  often  to  enclose  and 
(extend  over  lai^c  and  important  organs 
hoth  above  and  below  the  bodies  of  the  ver- 
teljcse,  like  the  brain  in  the  superior  ainal  of 
the  cranial  vertebne,  and  the  thoracic  and 
ahdomjral  vi^^^ccra  in  the  inferior  canal  of 
the  vertebra^  of  the  trunk,  they  must  pre- 
sent a  very  diflerent  apprarance  and  wrm 
from  those  which  they  exhibit  when  they 
surround  only  a  nervous  chord,  or  an  ar- 
tery and  vein,  as  they  do  in  the  coccy- 
geal region. 

But  in  examining  the  forms  of  those 
arches  even  which  attain  to  tlie  greatest 
size,  as  the  ribs,  the  scapular  arch,  the  os 
hvoidr'^.  the  lower  jaw,  in  the  class  of 


those  eleven  bones  are  anchylosed  to  the 
temporal  bone;  and  in  the  hnman  tempo- 
ral l)one  we  call  them  styloid  processes; 
but  these  are  portions  of  the  os  hyoides  in 
other  animals:  they  are  the  stylo-hyoid 
bones  or  elementa,  as  thejr  have  been 
named  hy  Geoffroy. 

The  human  body  is  remarkable  for  the 
imperfect  development  of  all  the  elements 
of  this  bone,  so  important  in  all  the  water- 
breathing  vertebrated  animals.  These 
stylo-hySd  elements,  however,  in  the  in- 
ferior mammalia,  are  detached  bones,  and 
belong  to  the  hyoid.  The  hyoid  bone  in 
fishes  is  enormously  developed.  It  forms 
this  lai^  arch  in  the  lop/ihts piscatorhiSf-r^ 
the  second  ?.rc)!,  the  one  placed  behind  the 
lowL-r  jaw,  atul  before  the  meeting  of  the 
coracoid  bones.  This  os  hyoides  is  larger 
in  fishes,  tadpoles,  and  perennihranchiate 


hdhes  where  these  bones  may  be  considei-ed  amphibia,  than  in  any  other  animals. 


4W  near  their  origin,  or  in  thdr  first  forms 
among  the  vertebrata,  we  see  that  they 
iwve  all  the  simple  rib-like  form  of  mere 
anlaigid  transverse  processes,  and  that 
they  nave  here  the  closest  resemblance  to 
each  other,  although  in  higher  classes  these 
primary  arches  differ  so  much  in  loiui 
from  each  other,  and  from  ribs,  that  we 
could  scarcely  recognise  thcui  as  analogous 


It  is  to  the  sides  of  the  o»  hyoides  that 

are  attached  the  branchial  arches;  the 
four  solid  tracheal  arches  upon  each  aida^ 
to  which  the  brancHiB  or  ^lls  are  attach- 
ed, and  which  become  cartilaginous  rings 

rf  thr  trachea  in  higher  animals.  It  is  by 
tUe  iuotion  of  the  os  hyoides  chiefly  that 
the  function  of  respiration  in  fishes,  as  in 
some  hii,-ber  animals,  as  amphibm  and 


parts  of  the  skeleton.  The  extremities  j  ionta,  is  effected.  It  is  hy  the  retracting 
themselves  are  but  radiations  or  develop- 1  of  that  bone  that  the  opercnla  chiefly  are 

nients  from  theiro  primary  arches.  The  thnist  asnnrlrr,  r.r.d  wntcr  is  f  irctd  in- 
first  of  tjbose  inlierior  arches  w>icb  i  s bail  i  war4s  through  the  wouth.  Ib«  waur 


Digitized  by  Google 


OSTEOLOGY  OF  FISHES. 


K9 


cumot  rash  imvards  by  the  back  part  of 

the  operculutn,  because  there  is  a  bran- ' 
chiostegous  membrane  supported  by  oper- : 
eohir  ra3rs  that  Ibrm  a  toft  and  flexible  | 
valve,  which,  by  the  ])rcs8iire  of  water 
without  and  the  vacuum  formed  within,  is  1 
completely  closed  bi^indt  so  that  the  wa- ' 
tcr  must  rush  in  at  the  anterior  part.  | 

Thus  the  os  hyoides  performs  an  im- ! 
portaut  function  in   the  respiration  of  | 
fishes,  independently  of  the  support  iti 
gives  to  the  very  short,  soft,  fleshy  toni»uc, ' 
and  to  the  branchial  arches.   The  bran< 
chial  arclies  are  connected  with  the  osj 
hyoides,  which,  by  extending  backwards, 
behind  these  arches,  produces  a  true  tho- 
radc  sternum,  considering  the  branchial 
apparatus  na  analogous  to  the  ribs  for  re- 
spiratiun,  as  you  observe  in  this  shark. 

Continued  backwards,  from  the  back 
part  of  the  os  hyoides,  you  observe  a  cen- 
tral prolongation,  connecting  the  termiiui- : 
tions  of  the  branchial  arches.  These,  in 
fact,  are  the  only  complete  ribs  in  fishes, 
for  behind  these,  yon  observe  tliat  the  rihi 
have  no  sterimm  j  that  they  are,  therefore, : 
**  fiilse "  ribs,  as  we  call  tbein  in  bnman 

anntonn'.  It  i  >  from  the  nqniitie  rospini- ' 
tion  continuing  through  the  whole  of  life  in 
fishes,  that  these  branchial  arches  are  so 
largely  developed,  and  by  performing  the 
functions  of  true  ribs,  they  render  these 
bones  less  necessary  behind,  and  thus  retard 
their  developnu  nt.  Fishes  are  enormous 
tadpoles,  (lei:tine(l  never  to  change  to  an 
aerial  respiration.  Sus|)en(ied  iti  the  dense 
element  of  the  sea  through  their  whole 
career,  they  develop  in  hulk,  but  never ' 
advance  in  their  organization  by  a  meta- 
morphosis. We  see  the  fishes  half  raeta- 
niorphosed  in  the  sirm,  the  proleuit,  an<l 
the  axolotlf  which  constantly  retain  their 
branchia;,  but  have  their  air-bag  beginning 
to  serve  for  m  rial  respiration. 

Behind  the  lower  jaw  you  observe  the 
opercular  bones  (P*  2),  consisting  gcne- 
rallf  of  the  operculum  (28),  the  sub-oper- 
eulnm  (32),  and  the  inter-opoculttm  (33). 


At  first  view  these  bones  appear  very 
different  from  any  bones  which  we  find  in 
the  human  skull;  for,  in  the  other  part>, 
of  the  skull  of  fishes,  we  can  see  the  ordi- 
nary elements  that  arc  foimd  in  the  human 
slcitil|  but  thit  oi»erciilQift»  compoeed  ol 


several  pieces,  we  find  to  be  siypotteJ'j^ 

bones,  wliieh  have  received  names  accord^ 
ing  to  their  position  in  the  opCrcalum—- 
the  operciiimn  that  covers  the  branch  id 
oi)rnin;j;s  on  the  side  of  the  neck  of  ft»V»e». 
The  first  is  called  the  operculum  (P*  2, 
or  opercular  bone;  the  second,  the  suIm 
operculum  (P*  2,  c) ;  and  there  is  an- 
other which  is  called  the  iater-operculiua 

These  are  the  three  pnncipal  bones 
which  we  find  entcriuf;  into  the  composi- 
tion of  this  osseous  covering.  A  small  ad- 
ditional piece  (/*  2,  <l),  however,  was  dis- 
covered by  (tF.OFFROV  in  the  pike,  and  is 
found  in  many  others— a  fourth  bone  at- 
tached to  the  lower  margin  of  the  sub- 
operculum.  Those  were  cousidorrd  as 
pieces  altogether  peculiar,  specially  formed 
fo''  the  purposes  ot  the  fish,  in  order  that 
it  might  have  a  means  of  motion  in  that 
part  of  the  neck  for  rcs])iration,  and  for 
progressive  motion.  From  observation, 
however,  it  is  found  that  parts  often  change 
very  mu6hin  their  form  according  to  their 
uses. 

This  we  might  illustrate  by  all  parts  of 

the  skeleton  of  fishes.  The  hands  of  the 
fishes,  for  instance,  have  assumed  a  large 
development  compared  with  the  rest  of 
the  arms,  for  the  motions  of  that  animal  in 
the  water;  so  the  feet  have  received  a 
great  developmeut,  compared  with  the  rest 
of  thel^;  so  the  spinous  processes,  and 
various  parts  of  the  body,  have  fonns  un- 
usual in  higher  classes,  and  have  acquired 
a  great  development,  in  proportion  to  their 
magnitude  in  the  skeleton  of  higher  ani- 
mals. There  is  a  tendency  to  the  develop- 
ment in  length  in  many  m  the  bonetof  the 
head  of  fishes,  from  the  spicular  mode  of 
their  ossification,  and  from  their  squamous 
mode  of  overlopping  each  other,  as  in  the 
parts  I  have  just  mentioned. 

Fishes  have  generally  the  semicircular 
canals,  lying  in  the  mterior  of  the  wide 
cavity  of  the  skull— not  enclosed  within, 
the  substance  of  the  tempoi-al  bone,  but 
iuternally  to  it  altogether— in  the  interior 
and  at  the  sides  of  the  cavity  of  the  cra- 
niom;  and  we  observe  that  these  semi- 
circular canals  thus,  as  it  were  free  from 
restraint  iu  their  development,  not  con- 
fined liy  aolid  parietes  to  a  narrow  space, 
acquire  an  enormous  development.  We 
shall  see,  hereafter,  that  these  semicircular 
canals  are  diflferently  placed  where  the 
skeleton  is  soft  and  cartilaginous. 

There  is  no  tympanum  in  fishes — that 
is,  a  part  which  has  relation  to  sounds  re- 
ceived through  the  atmosphere — a  part  to 
receive  and  transmit  xindulations  or  im- 
pressions derived  from  the  attenuated  at- 
mosphere. The  small  bones  of  the  tym- 
paaumj  tiierefore,  we  do  sot  at  fint  per- 
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Ceive,  for  thcre'ia  BO.Wieli  cavity  in  oasc- 
oua  fishes,  nor  anything  uulogous  to  it,— 
that  St  not  yet  required,  as  they  do  not 
change  their  aquatic  or  larva  state.  But 
the  bonpf  of  the  tyrapauum,  which  are 
connected  with  the  crsmium,  might  possi- 
bly in  llahM^  it  vas  conceived,  have  under- 
gone the  same  changes  without,  as  the 
other  parts  of  the  ear  withia,  the  ttkuii. 
We  tee  distinctly  that  these  internal  parts 
have  imdergone  a  great  development ;  so 
might  those  free  external  bones,  which 
-wtn  alkerwards  to  be  confined  in  air- 
breathing  animals  to  a  very  small  space. 
In  the  highest  forms  of  these  animals,  and 
in  man,  they  form  ttie  bones  of  the  tym- 
panum. 

The  first  bone  of  the  tympanum,  in  ex- 
tending outwards  from  the  petrous  bone, 
wonldbethe  sta]>e8  (P*  1, 6),  for  the  round- 
ed part  or  base  of  the  stapes,  is  alniosc  in- 
serted into  the  fincstra  oval  is ;  and  if  the 
OMifiuatlon  were  to  proceed  from  the  one 
bone  to  the  other  in  the  ssli^'htest  degree, 
it  vrould  anchylose  that  bone  to  the  rest 
of  the  tem])oral  bone.  The  bone  which  is 
ibund  in  the  operculum  of  the  fish,  next 
tq  the  temporal  bone,  is  the  largest,  and 
somewhat  in  the  form  of  the  Wa|Mff.  It  is 
the  bone  which  is  called  the  **  stapeel" 
by  Geoffrov. 

The  next  bone  to  the  sfapfH,  the  one  which 
is  inserted  betwixt  it  and  tlie  incus,  is  the 
small  ott  orhicnlare  [P*  \,  i),  which  is  the 
aecond  bone  or  sub-operculum.  The  most 
<iistant  bone  of  all  proceeding  from  the 
temporal  hone,  the  one  in  immc:Mate  con- 
nexion with  the  tympanic  cr  pre-opercu- 
lar  bcme  (30)  itself,  is  the  inter-opereuhtm 
or  malleal  fP*  1,  e)  of  Gkokmiov.  The 
small  fourth  bone  of  the  human  ear,  the 
incm  (I**  1,  d),  was  one  that  for  some 
time  was  thought  to  be  wanting  in  fishes, 
but  at  last  it  was  found  entering  into  the 
osseous  part  of  the  operculum. 

Thus,  in  tbe  operculum  of  fishes,  we  find 
four  elements  of  the  temporal  bones  exist- 
ing, which  occur  in  the  tympanic  cavity  of 
the  human  ear ;  but  they  have  shot  out  to 
a  much  greater  extent,  because  they  are  to 
serve  in  fishes  a  new  and  very  important 
use ;  they  are  here  no  longer  confined  by 
solid  walls  to  a  small  cavity,  but  shoot  out 
in  their  development,  both  for  the  purpose 
of  progicssive  motiuii  and  to  be  used  in 
respiration. 

Behind  the  branchial  arches  you  percei\'e 
the  pharyngeal  bones,  like  internal  jaws, 
covered  with  teettai,  and  situate  at  tho 
commencement  of  the  rcsophaguf?,  below 
the  back  part  of  the  cranium,  in  the  lo- 
phius  and  die  perch.  The  inferior  of  these 
hones  are  more  moveable  than  those  above, 
and  they  act  with  force  and  precision  in 
hrtiisiug  and  masticating  the  food  iu  the 


back  part  of  the  month.  In  the  loy}iius 
pucatoriits  you  observe,  behind  the  two 
great  arches  formed  by  the  lower  jaw  and 

the  OS  hyoides,  another  very  powerful 
arch,  attached  behind  to  the  occipital  bone^ 
and  passing  down  in  an  arched  form  on 
each  side  to  meet  in  front. 

The  front  portion  of  this  arch,  which  if 
of  great  strength,  appears  to  be  formed 
in  fishes,  as  in  reptiles,  by  the  junction  of 
the  two  coracoid  portions  of  the  scapul*. 
The  8capulie  are  generally  small  compared 
with  these  processes,  which  iu  the  cold« 
blooded  vertebrata  form  distint:t  hones,  for 
the  most  part  connected  with  the  scapulae 
only  by  suture.  This  scapular  arch  in 
fishes,  as  in  ampliihla,  derives  nn  sii])i!ort 
from  the  ribs,  and  forms  a  strong  iiidc 
pendent  rib  bke  arch  for  the  attadimmit 
of  the  arms,  whicli*  in  fishes,  are  called 
pectoral  fins. 

The  form  of  tliis  arch  is  iuterctiting. 
They  look  like  ribs.  Indeed  all  the  arches 
of  w  hich  I  have  spoken— the  lower  jaw 
itself — have  in  fishes  the  form  of  rib«; 
long,  slender,  curved  bones  tliat  meet  on 
the  median  line;  they  are  all,  in  fact,  ana- 
logous to  ribsor  transverse  processes  of  the 
central  vertebral  <»lumn — the  lower  jaw, 
the  OS  hyoides,  the  two  coracoid  bones. 
This  last  is  an  important  arch  in  fishes,  for 
it  gives  attachment  to  the  anterior  ex- 
tremities, whicharemoredevelopedinthil 
class  than  the  posterior. 

These  are  the  only  extremities  which 
are  here  attached  to  the  vertebral  column. 
They  arc  the  most  perfectly  developed  ex- 
tremities in  almost  all  the  species.  Ho  in 
this  respect  we  see  that  the  condition  of 
the  anterior  extremities,  where  we  have 
first  distinctly  come  to  them,  corresponds 
by  their  relative  degree  of  development  to 
the  earliest  condition  of  those  extremities 
in  man,  where  tlicv  arc  the  first  developed 
— tlic  largest  in  tiie  embryo  state  of  all 
the  mammalia*  Prolonged  from  this  arch 
we  find  hones  developed,  wliich  sidxli- 
vide  and  radiate  as  they  shoot  outwards 
from  the  arch;  these  form  the  arms  and 
the  hands.  The  humcnis  is  generally  very 
small  and  immoveable,  and  even  the  ra- 
dius and  the  ulna  (52,  51)  are  very  short 
iu  fishes. 

In  fishes  the  hand  is  the  part  of  the  arm 
that  IS  ino&t  developed,  and  wc  find  that 
it  consists  of  an  immense  numl>er  of 
fingers  radiating  out  from  the  bone?  of 
tbe  carpus.  We  see  this  subdivisiour  and 
radiation  even  in  the  human  wm,  from  the 
single  humerus  to  the  five  terminal  pha- 
langes. In  fishes  we  can  generally  ob- 
serve a  humerus,  a  radius,  and  an  nlna, 
before  we  come  to  the  range  of  small 
bones,  the  bones  of  the  l  arjjus.  The  bones 
of  the  metacarpus  and  the  phalaugiss  are 
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remarkable  for  their  number  and  their 
length.  We  observe  tliia  part  indeed  of 
fishes  sometimes  so  mach  developed,  that 

the  animal  by  the  stroke  of  its  hand  can 
spring  from  the  water,  and  even  some 


fishes  that  can  ahift  their  position,  to  ad- 
vance forwards,  to  leave  the  posterior  part 
of  the  body  as  free  as  possible  for  tbe  ute- 

ral  motions  of  the  vertebral  column.  No- 
thing is  therefore  more  common  than  to 


times  fly  through  tbe  atmosphere ;  that  is  find lii  fishes  the  legs  as  fiur  forwards  m 


the  case  A^  ith  tbe  fl}  ing-fisb.  The  hand  1:^ 
80  enormously  developed  in  tbe  rays  (Q*), 
that  it  changes  the  vihole  form  of  the 
body. 


The  vrhole  anterior  half  of  the  body  of 

the  rays  is  surroiuulcd  by  the  numerous  ra- 
diating fingers  (Q*y)  upon  each  side.  Tbe 
two  thumbs  or  firet  radial  fingers  meet  each 
other  above  the  head,  and  the  fingers  con- 
tinue closely  to  succeed  eiich  otlu-r  and  form 
a  continuous  band  extending  <lu\\  iiwards 
to  the  middle  of  the  body.  In  i'ai  t,  the  i  ir- 
cumfcrence  of  the  trunk  is  chiefly  com- 
po«ed  of  fingers.  This  ray  is  a  flat  fish, 
without  air^rag,  that  lies  at  the  1>ottom  of 
the  sea.    Its  motion  tbroui^h  the  sea  must 


the  arms ;  and  in  this  large  lophius  you 
observe  that  tbe  legs  are  even  further  for- 
ward than  the  ai'ms.  In  the  cod  fish  be- 
fore you,  you  observe  also  that  the  legs 
are  before  the  arms— thrown  further  for- 
ward upon  the  abdominal  surface  of  the 
body. 

These  concave  bones  to  which  the  feet 
are  attached,  shooting  down  like  ribs  and 
detached  from  the  vertebral  column,  some- 

times  develop  so  much  as  to  constitute 
a  pelvis,  where  you  can  trace  the  three 
elements  of  the  pelvis  of  the  human  body. 
In  the  ray  you  observe  that  they  have 
imited  on  the  median  plane ;  that  they 
have  shot  up  two  parts  analogous  to  the 
iliac  bones,  and  send  down  a  part  analo- 
gous to  the  iticbium,  and  the  part  that 
meets  ou  the  median  plane,  where  they 
are  anchylosed,  resembling  the  pubic 

hones. 

The  intermediate  bones  of  the  legs  be* 
tween  the  pelvis  and  the  phalanges  of  the 

toes  are  almost  never  developed.  Tbe  legs 
of  fishes  consist,  therefore,  almost  solely  of 
the  phalanges  of  the  toes,  and  those  that 
are  proxinaial  yon  nay  regiud  as  fhe  meta- 
tarsal  bones. 

All  tbe  parts  of  the  skeleton  of  which  I 
have  spoken  are  tusceptible  of  various 
modifications  of  form,  to  .■'uit  the  different 
kinds  of  fishes  for  their  living  habits  and 
functions.  Frequently  we  find  fishes  to 
have  the  bones  of  the  face  lengthened 


dependchieflyuponthehandtoraiseitfrom  I  outwards  by  the  prolongation  of  the  ante- 
thc  bottom  on  which  it  rests;  thus  we  see  it  rior  part  of  the  vertebral  column  to  a 
so  enormously  developed;  and  by  these  great  extent.    In  the  «at&  fish  (7?*  3),  we 


skeU:tons  you  perceive  the  number  of  long 
narrow  phalanges  entering  into  the  forma 


observe  that  the  upper  jaw  bones,  the  na- 
sal bones,  and  the  vomer,  are  lengthened 


tion  of  each  Anger,  and  the  great  nuuilier  outwards  to  form  a  pow  erful  instrument, 

of  finger  ■(  iTi  tbe  whole  band.    Tbe  hand  is  along  tbe  sides  of  which  are  placed  the 


of  great  size  also  in  the  shark,  and  in  tbe 
higher  cartflaginous  fishes*  and  is  cou- 
nt ructed  upon  the  same  plan  as  that  of  the 
skate. 

The  posterior  extremities  of  fishes,  or 

their  ventral  fins  (Q*  /,  i),  are  not  attached 
to  tbe  vertebral  column,  for  the  reasons  1 
mentioned  to  j  ou  before,  but  arc  supimrted 
by  two  slender  bones — the  iliac  ])ones.  These 
iliac  boties.  from  not  being  attached  to  the 
sides  of  the  vertebral  column,  to  any  sa- 
crum or  transverse  processes  of  vertebrte^ 
may  shift  their  places  in  tbe  same  manner 
that  we  have  seen  the  inter-spinous  bones 
may  shift  tiichr  phoes  when  they  have 
once  acquired  a  separate  centre  ox  deve- 
lopment. 


strong,  sharp,  and  firmly-fixed  teeth. 


These  teeth  are  placed  along  tlie  outer 
margins  of  the  flattened  mazillaries,  be- 
cause in  the  lateral  motions  of  the  fish 
they  are  thus  best  situate  for  the  purposes 


There  is  a  tendency  in  all  the  parts  of  ^  of  oIKinicc  and  dcdRmce.  TUs  ww,  then, 
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vliich  19  prolonged  from  t"he  anterior  part  |  served  ia  the  museum  of  Bristol,  'wWch 


of  the  head  of  this  pristu  (R*  '^},  is  not  an 
Instrument  which  contists  of  elements  bo- 
lotsi^itip  exclusively  to  the  saw  fish,  and 
"Which  is  not  to  be  traced  in  the  human 
face,  but  consists  of  these  ordinary  bones 
of  the  humaa  faee  lengtheiied  out  into  tiiia 

In  the  ttoord  fish  you  observe  nearly 
the  Mine  structure  as  in  the  saw  IBsh ;  but 

licre  the  bones  of  the  upper  ja\v,  destitute 
of  teeth,  are  proU)ngedi  the  upper  jaw 
iMme^  the  vomer,  the  nasal  bones,  are 
prolonged,  and  form  a  piercing  and  cut- 
ting 5i\vord,  sharp  at  the  point  and  along 
the  sides ;  uu  iustruuieut  which  this 
a!ipkku  ffladitts  uses  with  snch  prodigious 
force  as  frequently  to  desfroy  the  largest 
Miimals  of  the  deep— assembling  in  num- 
bers they  are  said  to  attack  and  destroy 
■with  this  instrument  the  gigantic  whales, 
and  then  to  devour  their  flesh  when  they 
are  exhansted. 

The  i)edunculated  eyes  are  common 
among  the  invertcbrated  animals.  You 
liave  seen  in  the  crab,  the  eyes  extended 
laterally,  and  ]>laccd  frequently  at  the  ends 


has  the  upper  and  the  lower  jaws  slenderi 
and  prolonged  like  those  of  the  gavials— 
the  crocodiles  of  the  Ganges.  It  has  been 
Hujii)oscd,  from  examining  its  osteology, 
that  this  remarka])le  fossil  belonged  to  a 
cartil^nous  fish;  but  from  the  circom- 
stancc  I  have  mentioned  to  yon,  it  a])peani 
to  me  more  than  probable  that  no  carti> 
laginous  fish  ever  possessed  a  lower  jaw 
of  that  length  and  slenderness;  that  that 
skeleton  could  not  have  belonged  to  a  car- 
tilaginous fish,  which  has  the  whole  dcele- 
ton  too  soft  to  be  preserved  entire  in  the 
strata  of  the  earth,  but  must  have  be- 
longed to  an  aniuiul  which  had  the  lower 
jaw  composed,  like  the  gavials  and  plero* 
dactyli,  of  more  solid  bones. 

From  what  1  have  mentioned  of  the  dif- 
ferent hurd  parts  of  fishes,  as  well  as  the 
skeleton — the  external  hard  parts — you 
will  observe  that  in  a  fossil  state  we  might 
have  many  portions  of  these  animals  left 
us,  which  did  not  htloni?  to  any  j)art  of 
the  internal  skeleton,  and  which  yet  were 
indicative  of  the  former  existence  of  fishes.' 
Nothing  is  more  common  than  to  find  in  a 


of  long  peduncles.  We  see  that  structure  ;  fossil  s^tate,  snmll,  detached,  round,  dark- 
frequently,  though  to  a  less  extent  in  i  brown  or  black,  glistcniag  or  shining  por- 
cartilagtnons  fishes,  as  in  the  rays;  but | tlons  of :snlid  matter,  which  have  belonged 
this  is  a  remarkable  form  v.'hich  we  ^*ee  in  ,  to  the  jaws  of  fishes.  Some  r.f  the  de- 
the  hammer-headed  shai-k— the  zy^^rna,  i  tached  fossilised  portions  belonging  to 
which  I  bold  in  ihy  hand ;  for  here  the  the  remnants  of  the  'external  shells — 
orbits   themselves  have   been  prolotigcd  i  the  stale??  tliat  we  t-ce  so  strong  and  s,)! id 


outwards,  the  solid  bones  of  the  skull 
have  shot  out  laterally  on  each  side  of  the 

head  to  form  a  long  fixed  peduncle,  at  the 
extremity  of  whicdi  is  placed  the  orbit 
containing  the  eye. 

In  the  cartilaginous  fishes,  yon  will  fre- 
quently observe  that  the  anterior  part  of 
the  face  is  prolonged  outwards  to  a  great 
extent,  as  we  have  seen  in  the  saw  fish, 
the  sturgeon,  and  others;  hut  you  will 
never  find  that  the  lower  jaw  keeps  pace 
with  that  great  enlargement  and  prolon- 
gation of  the  upper  part  of  the  face.  The 
softness  of  all  the  bones  of  the  skeleton 
would  render  this  structure  impossible. 
Alengthene  1,  soft,  cartilaginous, lower  j<iw 
could  not  act  with  \'i:'nMr,  being  composed 
of  materials  so  flex  i  bit;  and  elastic;  and  we 
olraervc  that  the  moveable  part  of  the  up- 
jierjaw  itself  is  very  short»  consisting  of 
the  intermaxillary  bones. 

It  is  interesting  to  observe  this  !n  all 
the  known  recent  cartilaginous  fishes,  he- 
cause,  from  the  obvious  connexion  be- 
twixt this  shortness  of  the  moveable  jaws 
nnd  the  soft  condition  of  the  whole  skele* 
ton,  it  Is  extremely  i)rf<hnhle  that  the  same 
laws  iiave  regulated  tiie  lonn^  of  the  car- 
tilaginous skeletons  that  have  formerly 

A  i>keieton  was  lately  found,  and  is  pre- 


on  sturgeons  and  skates,  and  other  cai  ti- 
laginous  fishes. 

From  the  comparative  density  of  the 

teeth  of  fishes,  as  tho.?e  numerous  rows 
of  round,  short,  niular  teclh,  behind  the 
sharp  incisors  of  the  common  sargt't 
[R*  I)  or  sea-bream,  aiul  the  softncas  of 
their  jaws  and  the  whole  skeleton,  we  fre- 
quently find  that  all  parts  of  the  vertebral 
column  and  of  the  skeleton  ha\  entirely 
disappeared,  and  that  only  the  teeth  have 
been  left  us  quite  isolated  in  a  fossil  state. 

This  is  particularly  the  case  with  the 
cartilaginous  fishes,  and  1  have  here  nu- 
merous detached  teeth  of  sharks  which  I 
picked  up  from  the  clay-beds  on  the  shore 
of  the  Island  of  Shcppey.  No  trace  of 
any  other  part  of  the  soft  skeletons  of  car- 
tilaginous fishes  can  yon  find  to  which 
tlie?e  tcctli  hcIonc;(>.l,  althout^h  tViCrc  occur 
numerous  portions  of  the  skeletons  oi  os- 
seous fisMes. 

The  soft  and  leathery  consistence  of  theM 
dried  jaws  of  recent  sharks  (/?*  2)  shows 
you  the  reason  of  the  total  disappearance 
in  the  ancient  strata  of  all  parts  of  tlio 
skeleton  of  cirrila2:inous  fishe?,  and  thus 
their  teeth  are  found  so  frequently  de- 
tached. Nothint;  is  more  (ommon  than 
to  find  them  emhedded  in  chalk  detached 
from  auy  other  solid  parts  ^  the  tongue 
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Vykt  stnnes'-tlie  ifhm-pHrm  9t  the  older 

geologists. 

The  spinous  processes  and  their  ele- 
ments in  fishes  frequently  acqxitrc  a  great 
development,  as  we  have  seen  both  in  the 
region  of  the  cranium,  as  you  see  in  this 
remarkable  head  of  the  «pAl^plM  ^on- 
p.Titl  in  the  posterior  part  of  the  co- 
lumn, as  ve  see  in  the  large  curved  and 
•errated  dorsal  rays  of  the  halistes  that 
constitute  the  anterior  dorsal  fin.  The 
anterior  dorsal  ray  is  here  of  enormous 
magnitude.  Remains  are  found,  with 
other  p^rta  of  fishes,  in  the  oldest  fossili- 
feroTis  limestone,  which  most  closi  ly  re 
scmhle  in  form  this  ray  of  the  balistcM, 
though  far  exceeding  in  magnitude  any- 
thinp7  of  this  kind  now  kiioxMi  in  cx- 
existcncc.  These  parts  of  fishes  are,  as 
we  might  expect,  the  oldest  remnants  of 
any  vcrtebrated  animals  foand  ia  the 
strata  of  the  earth. 

Thus  then  we  see  that  the  whole  of  this 
subdivided,  clastic,  internal,  organised 
skeleton  of  fishes  is  beautifully  adHi»tcd  to 
the  dense  and  liquid  element  in  which 
those  animals  reside,  and  through  which 
they  are  orgnn!«;ed  to  move  chiefly  by  the 
lateral  motions  of  their  vertebral  column, 
like  the  tadpoles  of  amphibia  and  the 
aquatic  fntirin.  The  nstcoVicry  of  their 
head,  and  trunk,  and  extremities,  is  in  the 
highest  degree  interesting,  from  the  nu- 
rncroud  analogies  it  ]irc;:ciits  with  the 
eaiiicst  embryo  condition  of  the  human 
skeleton.  It  is  interesting  from  its  afford- 
ing us  a  key  to  all  the  higher  forms  of 
the  s]:c!fton  wc  have  yet  to  come  to  in 
the  anipliil>ioiis  animals,  iu  the  reptiles, 
and  even  in  the  hot->hlooded  classes  of  ver- 
tehrata.  The  elements  nf  the  skull  of 
osseous  fishes  are  the  most  numcrouii  of 
all  the  red-blooded  classes,  and  they  are  all 
kept  ])erniancnt]y  detached,  so  that  you 
may  here  sec  these  constitncnt  primary 
elements  on  a  magnified  scale.  They  ap- 
]>ear  to  present  the  most  complex  forms  of 
the  skeleton,  because  in  all  the  higher 
animals  that  we  have  hereafter  to  examine, 
those  elements  we  shall  find  more  or  less 
united  and  anchylosed  ;  and  the  difTieulty 
becomes  greater  and  greater  as  wc  ascend 
to  man  to  comprehend  the  real  nature  of 
tbo?e  complex  acc^regatcs  of  numerous  an- 
chyloscd  bones.  You  must  go  to  the  earliest 
omhryo  condition  of  his  skuU  and  skeleton, 
aiul  watch  the  first  deposition  of  the  first 
jjaiticles  of  earthy  matter,  in  order  to  dis- 
cover these  oiseous  elements,  or  you  must 
go  to  osseous  fishes  which  permanently 
retain  that  einbrj'o  condition,  and  there 
you  will  find  retained  through  the  whole 
of  life,  and  presented  to  your  view  upon 
a  magnified  scale,  nil  that  interesting  pri- 
luitivo  condition  of  human  osteology. 


LiiCTUilES  ON  SURGiiRY, 
MR.  WARDR  OP. 


OF  TUB  SANGUINEOUS  SYSTEM. 

AnSTRACTtON  OK  BLOOn. 

(Coiitimivrt  from  Lectmr,  |i«t;r  'l'M\-i'l.) 

Indications  for  cniploying  General  JSiood- 
Mtiuff.—O/  the  Pufaei—An  incompret^ 

Pulse;  ~  Other  Chirnrjvs  in  the 
Pulse: — Natural  Varieties  qf  the  Pulse, 
— Chamjes  in  the  Hear Vs  Action;— The 
Local  Pain.  —  hnportonre  nf  the  jxnst 
Bleediui/ : — Erf  cut  tu  it/nch  it  should  he 
carried,— Effects  qf  Syucoj/e. —  Quantiii/ 
qfBhod  tc  be  abttraeted* 


htdkaiimu  for  the  Emplof/meiU  qf  Gettentl 

Blood-leltimj. 

Having  endeavoured  to  point  out  tlie 
difterent  modes  by  which  blood  may  be 
nh«<tra('tod  Inrally,  and  having  ill'istratr  l 
the  salutary  eflects  of  local  dcjiletitm  by 
references  to  the  phenomena  of  sponta- 
neous hemorrhages,  aiul  various  local  in- 
flammatory aflections,  as  well  as  conges- 
tions  of  Mood,  which  arenot  accompanied 
bv  anv  constitutional  disturbance,  I  now 
come  to  consider  the  subject  of  general 
blood-letting,  the  imlications  which  point 
out  the  propriety  of  em[)loyin^  it,  and 
the  quantity  of  blood  which  should  he 
removed  iu  the  treatment  of  various 
diseases. 

It  was  remarked  in  the  last  discourse, 
that  whenever  any  local  disease  or  injury 
has  excited  a  febrile  distnrbance  through- 
ont  the  systt-m,  general  hlecding  or  vene- 
section ought  then  to  be  decidedly  pre- 
ferred to  local  bleeding,  and  the  indica- 
tions to  which  your  aUci^tion  ought  raore 
especially  to  he  dircctt'd  in  deciding  on 
the  luopricty  of  general  blood-letting,  are, 
the  state  of  the  heart  and  arterl4»,and 
the  character  of  the  local  pain. 

The  leading  symptom  by  which  the  con- 
stitu^onal  disturbance  demanding  vene- 
section is  indicated,  will  be  foimd  in  the 
qua/ if;/  of  I  lie  pulse  j  and  in  deciding  on 
the  propriety  of  blood>letting,  it  is  not  al- 
ways necessary  that  vou  should  find  the 
pulse  frequent,  or  tense,  or  full,  or  hard, 
l)ut  you  ought  on  all  occasions  to  be  satis- 
fied of  the  propriety  of  alistracting  blood 
from  a  vein,  whenever,  in  any  eomplaltit 
it  aa  inflanmiatory  type,  or  under  cir- 
eiunstances  such  as  those  which  ofcen 
arise  if'<-r  n!)erations,  or  from  accidents, 
there  is  the  least  deviation  in  the  pulse 
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fvoin  the  natural  state.  No  sooner  have  a 
few  ounces  of  blood  been  abstracted  in 
caaes  of  tbis  kind*  thm  the  pulse  >»ill  be 
observed  to  *'  rise,"  as  it  is  cuUcd,  ami  to 
acquire  volume  and  power,  tbuts  indicating 
the  propriety  of  fhe  measure. 

There  is  notlihig  more  uncertain  than 
trusting  to  those  qualities  of  the  puhie 
which  are  usually  described  as  stich  which 
alone  indicate  the  propriety  of  blood-let- 
ting, arul  you  ought  ever  to  ])e  aNvarc  of 
the  inipoiiaat  fact,  that,  during  an  attack 
of  inflammation,  the  pulse  varisa  with  the 
organ  affected,  and  is  even  different  in 
indauunatory  afiectioos  of  different  tex- 
tures of  the  same  ofgan,  exceot  in  one 
particular  indication,  whidi  shall  be  pre- 
sently pointed  out. 

The  mere  frequency  of  the  pulse  is  a 
circumstance  of  little  importance  in  esti- 
niatinf^  the  propriety  of  blood-letting  com- 
pared with  changes  in  its  qualities,  and, 
therefore,  the  usual  practice  of  counting 
with  great  acetiracy  the  numlicr  of  pulsa- 
sations,  is  apt  to  lead  to  the  formation  of 
an  erroneous  judgment.  In  two  patients, 
whose  pulse  beats  120  in  a  minute,  the 
one  may  require  to  be  plcntiluily  bled,  and 
the  other  to  have  cordials ! 

Little  difficulty  occurs  in  distlngnishing 
those  states  of  the  system  which  require 
general  bleeding  when  diseases  have  far 
Mvanoed,  or  have  made  considerable  pro- 
gress, and  when  their  symptoms  and  cha- 
racter have  become  ditttiuctly  liuvclopetl. 

It  is  before  they  arrive  at  this  jperiod, 
and  when,  too,  medical  treatment  is  niost 
available,  that  their  true  nature  is  apt  to 
escape  detection,  and  thwe  are  many 
states  of  disease  where  substantial  advan- 
tage is  to  be  derived  from  venesection,  aud 
where,  at  the  same  time,  it  could  not,  per- 
haps, be  atfirmed,  from  the  pre^euce  of 
any  particular  symptom,  that  indumma- 
tion  did  actually  exist.  "  Indammntion  in 
some  textmes  of  the  body,"  observes  an 
intellifteut  writer,  "  U  so  obsem-c  in  the 
beginning,  no  insidious  in  its  progress,  and 
SO  rapid  in  its  termination,  that  in  all 
cases  in  which  the  surgeon  hesitates  re- 
specting the  necessity  of  bleeding,  it  ia  a 
wise  plan  not  to  deprive  the  patient  of  the 
benefit  of  the  douht,  but  immediately  to 
proceed  to  venesection." 

It  is  also  certain  that  there  is  a  period  of 
disease,  when  bleeding  is  not  only  unne- 
cessary but  improper  ;  and  t!iere  is  a  mo- 
luent  when  veuuHectiou  iimy  be  had  rc- 
ooune  to  with  more  advantage  than  at 
any  other.  To  detect  this  precise  period 
must,  therefore,  be  of  great  practical  im- 
portance. In  those  who  Imve  been  wound- 
ed, or  who  have  met  with  some  severe 
accident,  or  on  whom  an  operation  has 
been  perform«d,~ia  all  wSk  omm  t]]« 


action  of  the  heart  and  arteries,  wliich  is 
at  firxt  diminished  by  the  geueiul  »hock 
received  by  the  whole  system,  should  he 
allowed  to  recover,  or  reaction  should  take 
place  before  rciiortiug  tu  blood-letting,  and 
this  rule  applies  generally  to  all  inflamma- 
tory diseases.  The  cliill,  for  instance, 
which  a  person  receives  from  sudden  ex- 
posure to  a  change  of  temperature,  and 
which  lays  the  foundation  of  an  inflam- 
mation in  some  of  the  internal  viscera, 
produces  a  colhxpse  of  the  wliole  frame, 
which  is  not  followed  until  after  a  certain 
])eriod,  by  those  inflammatory  syDiptons 
which  require  the  blood-letting. 

An  Fnromprf'.y  i^ilr  Pj/J.-.-c. — Tlie  peculiar 
feeling  in  the  pulse  to  which  I  have  al- 
luded, and  which  yon  will  find  points  oq^ 
almost  universalh",  tiie  propriety  of  vene- 
section, has  been  called,  and  sufhciently 
well  indicated,  by  the  terra  "  incompres- 
sibility."  An  incompressible  state  of  the 
pul:je  may,  I  venture  io  •••  •y,  he  enn>*idcred 
as  pathognomic  of  inliamniatiun,  in  \sliat- 
evcr  organ  or  texture  that  inflammation 
exist.  I  have  already  remarked,  that  the 
dittcrent  textui-es  of  an  organ  when  in- 
flamed, are  each  attended  with  some  pecu- 
li  uityof  the  pulse.  Inflammation  cf  the 
dura  mater, — of  the  cerebral  pulp^—of  the 
pleura,—  of  the  mucous  membrane  of  the 
bronchi, — of  the  pericardium,  —  of  tlie 
muscular  parictcs  of  the  heart,— of  the 
serous  menibraue  which  lincii  its  cavities, 
— of  the  peritoneal  and  of  the  mucous 
coats  of  the  intestinal  canal, — are  each 
accompanied  by  peculiarities  of  pulse ;  but 
in  all  you  will  be  able  to  detect  an  inconi- 
pressibility.  For  w  hether  the  pulse  he  full 
or  small,  hard  or  soft,  frequent  or  slow, 
if  with  the  point  of  one  finger  the  artny 

he  pressed  at  the  wrist,  }0U  will  perceive 
with  another  finger  applied  to  the  artery 
beyond  the  first  finger,  that  unless  a  very 
considerable  degree  of  pressure  be  era- 
])l(j}C(l,  the  ptdsation  will  not  be  entirely 
destroyed,  but  the  sensation,  as  if  of  a 
fine  thread,  or  hair,  will  remain. 

The  incompressihle  <»tate  of  the  pulse  as 
indicative  of  the  propriety  of  bloo<l-letting, 
is  illustrated  in  some  of  the  subsequent 
cases;  and  you  may  also  observe  instances 
of  persons  being  relieved  fraui  interiud 
disease  by  profuse  and  spontaneous  he- 
morrhage, and  in  whom  no  deviation  in 
the  pulse,  from  its  natm-al  state,  coidd  be 
detected,  except  as  rcijards  tliis  feeling 
of  incomprcssibility. 

Attention  to  this  quality  of  pulse  has 
scarcely  ever  failed  to  guide  me,  in  the 
use  of  phlebotomy,  even  in  doobtfid  ch^ 
cumstances,  and  a  conviction  of  the  accu- 
racy of  the  observation  led  me  to  adopt 
bleeding  in  many  cases,  where  Icould  not 
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LECTURE  XTV. 

ON  THE  OSTE(>LO(;V  OF  AMPIUaiUUS 
ANIMALS  OR  BATRACHIA. 

TiiK  amphibious  animals  to  which  wc 
now  conic,  cmninenrc  their  cai'eer  as 
fishes;  thuy  have  ouu  auricle  aud  one 
veutricle;  they  lnvathe  at  first  by  means 
of  gills,  and  solely  by  means  of  gills; 
every  globule,  theu,  of  their  blood  is  sont 
throufph  the  giD>.  What  other  character- 
istics have  you  of  fishes  ?  Is  it  their  organs 
of  progressive  motion?  The  tadpole  ha^ 
^ero  at  well  as  the  fishes.  The  .perpen- 
dicular tail,  and  tlie  fm-like  exp;ui>ioii 
above  and  below,  you  have  in  the  tadpole 
as  well  as  in  the  fishes.  In  every  respect, 
fironi  their  nervous  system,  throngh  all 
their  less  important  systems,  amphibia  prt- 
scat  the  condition  of  huhes  ou  bcginuiug 
their  career,  and  as  all  metamorphoses  in 
orpaiiic  forms  are  from  «iiiii)lc  to  com- 
pound, they  approach  to  the  condition  of 
reptiles  in  their  more  advanced  oonilitiou 
of  development.  Indeed  wc  ob  rrve  all 
auiiuals,  as  well  as  amphibia,  bugiiming 
their  career  with  the  form  of  an  inferior 
grade  of  development.  The  animalcules 
themselves  arc  asccrtaitied  to  i)ass  throuj;h 
various  forms,  int:rea»iug  iii  cumplcxncHs, 
which  used  to  be  reffurdoU  m  distinct 

Mo,  542. 


genera,  and  the  limits  of  their  singular 
changes  are  not  yet  known*  The  ptn 

rifcra  and  zooph)  tea  begin  their  career 
as  free  moving  animalcules,  insects  pass 
from  the  simple  condition  of  worms  to 
become  wing^  inhabitants  of  the  air,  and 
gasteropods  are  at  first,  on  ^^^caping  from 
the  ovum,  ciliated  rotiferous  anim^dcules. 
l<Voni  the  strikuig  diangcs  of  those  am* 
phibia  or  batracbian  aninutls  during  their 
metamorphoses,  Swammi^roam  was  in-* 
duced  to  classify  them  beside  insects* 
lint  the  extent  of  internal  metamorphosia 
corresponds  with  the  degree  of  elevation 
of  an  animal  in  the  scale,  and  man,  at  thtt 
head  of  all,  exhibits  the  greatest  meta* 
morphosis,  in  ascending  from  the  condition 
uf  the  mouad  to  surpass  all  uilicr  oi  i^ama 
forms. 

From  this  semi-aquatic  life  of  the  am^ 
phibia,  which  caus^  them  to  receive  this 
name,  we  find  their  skeleton  to  partake 

of  many  of  tlie  chareicters  most  peculiar 
to  the  class  of  fishes.  In  tracing  auimai 
forms  upwards  to  more  complex  condl* 
tions,  we  often  pass,  as  in  the  present  class, 
from  till'  inliahitants  of  the  water  to  those 
of  the  dry  land,  and  the  lowest  forma  of  a 
class  are  generally  atiuatic  species.  The 
batrachia  or  ainphihia,  which  reside  con- 
stantly in  the  water,  retain  more  com- 
pletely their  primitive  fish-like  form  thsjn 
those  which  leave  that  elrment  in  their 
adult  state.  The  difference  of  the  medium 
in  which  they  live,  affects  chiefly  Reforms 
of  their  respiratory  organs,  and  those  of 
prot»ressive  motion.  The  skeletons  of  am'* 
phit)ia  come  nearest  to  those  of  fishes  in 
the  thin,  diaphonous,  elastic  character  of 
thtir  bones.  Preparing  to  support  the 
trunk  iu  a  more  attenuated  medium,  we 
find  here  the  arms  and  legs,  the  analogues 
of  the  pLict  'irr.l  :uul  ventiul  fins,  assnmincf 
a  more  complex,  aud  perfect  development. 
They  form  the  connectini;  link  between 
fishes  and  reptiles,  and  tbr.s  lead  tis  ta 
osseous  structures,  so  remote  from  tlieir 
lirindtive  forms,  that  without  these  inter- 
mediate links,  we  shoidd  have  much  diffi- 
culty iu  tracing  them  to  their  origin  in 
the  vertebral  coluum. 
A9  we  Mcend  from  fishes  through  tbe 
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cold-blooded,  air-breath inp;,  vertebrated 
animals,  the  textwe  of  the  bones  be- 
comes, from  tbe  grealer  abundance  of  in- 
soluble phosphates,  more  compact,  less 
tran8|»arent»  firmer,  and  altogether  jgoore 
ibiid  and  ossifled.  Notwdihtlahding  this, 
we  find  that,  particularly  in  the  skull,  tlic 
centres  of  ossification  for  the  most  part 
remain  permanently  detached.  'Bat  we 
can  tee  traces  of  their  tendency  to  anchy- 
losis and  union,  for  in  place  of  the  bones 
shooting  over  each  other  as  in  fish,  here 
they  are  inserted  into  each  other,  or  they 
meet  with  flat  surfaces,  which  is  a  prelude 
to  the  sutures, — a  prelude,  in  many  of  the 
hones,  to  their  actual  union  hy  anchylosis 
to  each  other;  so  that  we  shall  hereafter, 
Vhen  we  come  to  hot-blooded  animals, 
have  many  of  those  bones  grouped  toge- 
ther, and  united  into  one  mass,  particu- 
larly in  the  bones  of  the  skull.  So  wc 
shall  find,  for  instance,  that  all  the  ele- 
ments composing  the  first  cranial  vertebra 
unite  in  the  hot-blooded  classes,  and  form 
one  bone  surrounding  the  occipital  foramen 
~-the  occipital  bone  expanded  to  encom* 
j)ass  the  iiu  tlulla  oblongata  and  the  cere- 
bellum. The  s|4henoid,  and  other  bones  of 
tiie  cranium,  composed  originally  of  nu- 
merous distinct  elements,  which,  in  the 
cold-blooded  vcrtebrata,  remain  perma- 
jiently  detached,  have  these  elements 
luiitcd  and  grouped  together  by  con- 
staiit,  uniform,  but  mysterious  laws,  so 
as  to  constitute  those  aggregates  to  which 
we  five  the  names  of  sphenoid,  ethmoid, 
temporal,  &&,  in  the  maiQmalia  and  in 
man. 

In  the  lowest  of  these  amphibious  ani- 
mal?, the  bones  contain  most  animal  matter, 
arc  most  soft  and  flexible,  arc  most  detached 
from  each  other  and  moveable,  have  their 
elements  moot  disunited,  and  the  whole 
skeleton  is  least  jjcrfect  and  most  fish-like 
iu  its  form.  This  we  see  in  tlic  auguilii- 
fovm  bodies  of  the  protetts  ( W*)f  the  firm, 
the  amp/iiuma,  where  the  skeleton  consists 
of  a  vertebral  column  almost  without  ex- 
tremities. And  what  use  had  they  iin*  more 
in  the  water  ?  Look  to  those  intermediate 
creeping  tadpole  forms  of  the  axolott,  the 
MMiomidlw,  the  A^'lon,  where  the  legs 
and  arms  are  further  developed,  how  much 
their  coccygeal  vertebral  are  still  developed 
for  their  progressive  motion  through  the 
water.  Those  which  leave  the  water  and 
their  water-breathing  organs  to  assume  a 
terrestrial  life,  as  the  frogs  {S*),  ioadH^ 
and  $aJammd«n^  have  their  eirtremities 
more  developed  to  support  the  trunk  in 
the  thin  medium  of  the  air,  and  their  ver- 
tebral cohiron  tbe  most  remote  in  its  ge- 
neral form  and  in  the  structure  of  the 
separate  elements  of  each  vertebra,  from 
that  of  A^Uci).   Indeed  we  are  led  abnust 


to  the  lizard  forms  of  sauna  by  tho  round- 
tailed  land  salamanders,  which  pass  through 
their  larva  state  in  the  hody<tf  flie  psient, 
and  not  in  a  watery  medium.  So  that 
frogs  and  tpads,  the  highest  of  the  am- 
phibia, like  the  highest  ofthe  class  enu- 
tacca,  pass  through  the  inferior  forms  of 
their  class  before  they  arrive  at  their  ^* 
feet  adult  form. 

These  tail-less  amphibia,  the  toads  and 
frocrs  f.9*),  are  the  animals  of  all  the  vcr- 
tebrata which  in  the  adult  statu  have  the 
smallest  number  of  TertebtaB. 


These  vertebrae  in  the  ooromon  frog, 

rana  esculenta  (S  *},have,  you  perceive, 
I  the  bodies  largely  developed,  and  the  ele- 
ments which  we  have  already  considered 
to  surround  these  bodies  but  im])crfcctly 
I  developed.  We  shall  sec  a  reason  for  that 
!  presently.   We  have  here  the  first  ver- 
'  tebra  (8*  t)  ;  the  atlas  without  trans- 
'  verse  ])rore9ses,  and  ])re«enting  the  itieans 
I  of  a  firm  articulation  with  the  two  lateral 
I  condyles  (8*  a)  of  the  occipital  bone. 
J  This  appears  remarkable  when  we  ob- 
serve it  in  connexion  with  the  kind  of  ar- 
ticulation which  we  perceive  between  the 

atlas  and  the  nrri])itnl  bone  in  fishes. 
Were  we  simply  to  aimounce  that  in  the 
frog  the  two  condyles  of  theoodpital  bone 
unite  with  the  two  corresponding  grooves 
in  the  atlas,  it  mii;bt  appear  that  the 
structure  was  like  that  of  the  human  atlas, 
but  it,  in  fact,  is  much  more  like  the  atlas 
of  a  fish.  It  docs  not  present  that  ring- 
like form  which  you  see  in  the  mannnalia 
and  in  birds, but  forms  here  a  pretty  large 
and  solid  body,  at  the  sides  of  which  we 
find  the  articular  surfaces  for  the  two 
condyles,  or  tbe  two  condyloid  portions  of 
the  occipital  bone;  l)ecause  we  have  not 
yet  come  to  those  two  elements  imited. 
The  two  coadyloid  portions  of  the  occipital 
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bone  are  liere  aadqrloied  to  the  divided 
basiUgr  bone. 
We  obsOTve  tliat  fhe  luoceeffinip  verte- 

bra;  of  the  column,  of  which  there  are  in 
all  nine,  ha\'e  the  transverse  processes 
pretty  largely  developed.  At  the  ex- 
tremity of  those  transverse  processes  we 
have  no  distinct  portions  developed,  un- 
connected with  the  transverse  processes, 
80  as  to  constitute  ribs.  Although  this  is 
the  case  witli  the  frog,  yet  yon  can  sec  in 
the  tatamanderf  the  proteuSf  and  even  the 
leg-leas  ^rm,  ihtX  thm  are  small  portions 
developed  from  the  ends  of  the  transverse 

¥ recesses  to  which  wc  give  the  name  of  ribs 
'be  ribs,  however,  in  all  these  species  of 
amphibia  arc  small,  straight,  rudimentary 
bones,  like  those  which  %vc  see  on  the  la- 
teral part^  of  tlie  sharks,  and  the  carti- 
lagukoua  iishet. 

These  vertehnc  present  a  means  of  firm 
articulation  with  each  other.  The  lamina: 
which  develop  the  articular  processes 
have  here  developed  these  processes  to  a 
much  greater  extent  than  you  find  in 
the  class  of  fishes.  Now  we  observe,  that 
these  vertebne  commcHced  hy  being  like 
the  vertcbraj  of  fishes,  with  a  ca\ity  before 
and  a  cavity  behind  their  bodies.  The 
body  presents  a  concave  surface  before 
and  a  concave  surface  behind ;  so  that 
when  two  of  these  vertehnc  met  in  the 
tadpole  condition  of  the  ho%t  tiiey  bad 
their  large  space  between  them  filled 
with  the  soft  intervertebral  substance  that 
we  sawin  fishes.  As  the  anunal,  however, 
advances  to  BTatiiritj*,  we  observe  this  in- 
termediate soft  part  graiduall^  to  become 
consolidated,  to  become  ossified;  and  at 
length  it  unites  in  a  solid  state  with  the 
bod}-  of  the  vertebra,  and  chaiii^es  al- 
togcllicr  tlie  character  of  the  vertebra 
from  that  of  a  fish  to  nearly  that  of  a 
reptile.  The  transitions  of  these  bodies  of 
the  vertehnc,  even  before  arriving  at  their 
flsh-Uke  constitution,  is  interesting.  Tliey 
commence,  as  in  fishes,  by  forming  ossified 
rings,  which  arc  hollow  in  the  middle, 
which  have  a  vacant  space  in  the  middle, 
that  is  gradually  filletl  up  by  layers  like 
those  of  a  tree,  by  concentric  layers, 
added  the  one  within  the  other.  By  this 
gradual  filling  up  of  the  body  of  the  ver- 
tebra by  smaller  and  smaller  concentric 
layers,  the  one  within  the  other,  it  arrives 
at  its  fish-like  condition ;  and  from  that 
condition,  by  the  gradual  ossification  and 
anchylosis  of  the  intervertebral  substance, 
it  passes  from  the  fish>like  condition  to 
la'jirly  that  of  a  reptile,  with  a  convexo- 
concave  body.  The  most  common  cha- 
racter of  the  vertebra  of  a  reptile,  is,  to 
terminate  in  a  ball  at  the  posterior  part  of 
the  bodv',  which  is  rereived  into  a  CU])~ 
like  cavity  m  tiie  autciiur  part  of  the  body 


of  the  next  vertebra.  Therefore  we  sec 
that  in  the  vertebral  column  of  the  frog 
there  is  a  march  ftom  tiie  condition  of 

that  of  a  fish  to  nearly  that  of  a  reptile. 
In  the  adult  state  of  the  frog,  therefore, 
we  find  that  the  bodies  of  the  vertebrae 
have  a  lengthened  form,  and  terminate 
anteriorly  with  a  deep  concave  surface, 
and  posteriorly  witii  a  prominent  convex 
surface ;  but  there  was  no  such  structure 
as  this  in  its  tadpole  states  whenit  wasiii 
the  condition  of  a  fish. 

Now  there  are  manf  of  these  amphibi* 
oils  animals,  such  as  the  axolotl,  the  me- 
nobranchus,  and  the  proteus,  whicbinbabit 
the  lakes  and  marshes  of  Mcadco  and 
other  parts  of  America,  that  never  change 
their  tadpole  state  through  the  whole  of 
life.  Those  animals  breathe  by  gills,  as 
yuu  ^5ce  in  this  axolotl  that  I  bold  in  my 
liand,  which  have  the  branchial  arches 
largely  developed,  and  banging  externally 
from  the  sides  of  the  neck,  so  that  this  u 
a  tadpole  without  metamorphosis.  The 
transition,  then,  from  the  water-breathing 
to  the  air-breathing  vertebrata  is  gradu^ 
and  almost  imperceptible,  from  fishes  to 
the  amphibia,  in  man^^  of  which  the  bran- 
chiae are  entirely  lost.  Those  that  retain 
their  branchia;  retain  the  vertebral  column 
in  this  fish-like  condition.  The  bodies  of 
the  vertebra;  of  those  animals  are,  through 
their  whole  life,  like  those  of  fishes,  with 
a  cavity  above  and  a  cavity  below ;  with 
a  soft  intervertebral  substance  which  fills 
a  large  cavity,  producing  that  tense  elastic 
ball,  which  we  have  seen  placed  between 
the  vertebrae  of  fishes,  composed  of  a  mem- 
brane densely  filled  with  a  soft  substance, 
over  the  convex  surface  of  which  the  bo- 
dies of  the  vertebra;  play,  and  which  gives 
great  mobility  and  elasticity  to  the  whole 
column.  This,  in  fact,  is  shown  in  this 
nxolotl  as  it  is  in  fishes,  for  their  body  is, 
ill  like  manner,  lengthened  backwards, 
and  they  have  their  coccygeal  region  pln- 
niform,  and  directed  vertically  downwards, 
iu  order  that  they  may  move  laterally  and 
strike  the  water  backwards  to  impel  them 
fonvards  in  their  niotion.s  through  that 
element.  This  is  a  direction  of  the  coccy- 
geal region  which  corresponds,  as  in  fishes, 
with  the  aquatic  nature  of  their  respira- 
tion. 

Animals  that  breathe  atmospheric  air 
in  a  pure  state  mnst  oome  to  the  surface^ 

and  thi  rcfore  wc  see  that  in  this  gram- 
pus and  all  cetaceous  animals,  the  coccy- 
geal region  terminates  in  an  expanded 

horizontal  tail. 

You  observe  that  the  ninth  vertebra 
(S*  c  c)  of  the  frog  has  its  transverse  pro- 
cesses remarkably  developed;  that  they 

are  both  larger  and  longer  than  those  which 
px'cccUc  iix^  j  that  they  have  assumed  a 

2T2  * 
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cylindrical  forta  to  give  them  greater 
strength,  and  that  they  present  at  their 
extremity  a  distinct  articular  sui'face  for 
the  iliac  boues  {S*e,  e).  This  is  a  theme 
of  exceeding  interest  in  the  osteology  of 
t!u'  first  class,  "which  has  the  leg3  articu- 
latcU  to  the  vertebral  column,  and  we 
might  dwell  for  a  long  time  in  tracing  all 
the  interesting  analogies  of  this  structure 
of  the  last  vertebra  of  the  frog.  Here  you 
Bee  the  ra^mentary  condition  of  the  sa- 
crum. We  exj)laine(1  yesterday  how  there 
could  be  no  sacrum  in  the  vertebral  co- 
lumn of  a  fish,  any  more  th&n  there  could 
be  in  a  cetaceous  animal-  Here,  how- 
ever, parts  of  the  pelvis  slioot  up  and  arc 
attached  to  the  sides  of  this  last  vertebra, 
which  attachment  gives  a  new  stinmlus 
to  it  ^  dovplnpnicnt.  Two  bones,  formed 
like  a  pair  of  ribs,  are  observed  extend- 
ing downwards  from  its  aides, — the  two 
iliac  bones,  which  have  an  attachment  to 
the  extremity  of  this  sacrum  or  last  move- 
able vertebra,  an  attachment' so  slight  at 
all  times,  that  there  is  a  perfect  mobility, 
that  the  sacrum  moves  freely  upon  the 
two  iliac  bones.  This  is  just  the  next  step 
to  having  no  sacrum  at  all,  but  as  it  docs 
give  support  to  the  two  iliac  bones,  to  the 
whole  pelvis,  and  consequently  to  the  two 
posterior  extremities,  it  has,  in  fact,  all 
the  propertiorf  and  advantiigcs  of  a  sa- 
crum. Wc  shall  see  in  the  very  next 
class  of  animals, 'that  their  two  vertebrse 
Acry  fre(iucntly  unite,  anchylose,  and  form 
a  sacrum ;  then  w  e  shall  ascend  through 
more  complex  forms  of  the  sacrum,  until 
we  shall  have  more  thau  twenty  vertebrae 
anc  hyloied  together  to  form  a  sacrara  in 

But  to  consider  this  matter  in  con- 
nexion with  what  we  ^vi  vc  observing  yes- 
terday regarding  the  putilerior  extremities 
of  fishes:— We  olnerve  that  the^legs  of 
tishes,  or  their  ventral  fms,  are  never  arti- 
culated to  their  vertebral  column,  so  that 
they  can  be  placed  far  baclc,  in  the  middle, 
as  far  forward,  and  even  before  the  arms. 
INow  this  is  the  next  step  to  the  condition 
uf  the  pelvis  of  fishes,  which  we  see  in 
this  pelvic  arch  of  the  proteim  {PV*  k), 

here  not  a  single  vertebra  has  its  trans- 
verse pracesseit  modified  to  receive  the 
jliac  Ixmes,  or  give  any  support  to  tlie 
posterior  extremities ;  and  the  same  seems 
to  have  Ijeen  the  case  with  some  of  the 
extinct  forms  of  reptiles  iiighcr  than  am- 
phibia, which  inha})ttcd  the  estuaries  of 
ancient  seas,  as  in  the  skeleton  of  the 
plcftiosauriis,  showing,  still,  an  inferiority 
in  the  aquatic  fomis  of  all  the  classes. 
In  those  amphibious  animals,  as  in  tliis 
proteus  (W*),  which  never  lose  their 
{[ills,  we  observe  tiiat  the  vertebral  cu- 
Minii  v«taiBS  th«  tame  movMUe 


character  throughout  its  whole  ottent, 

from  the  atlas  to  the  posterior  point  of  the 
tail ;  that  the  coccygeal  vertcbraj  lose 
gradually  their  surrounding  projecting 
elements,  until  they  leave  us  at  the  extre- 
mity only  with  their  central  element,  the 
body  of  the  vertebra.  That  all  these  pro- 
cesses, the  transverse  processes,  the  arti- 
cular processes,  the  spinous  processes, 
arc  all  of  them  gradually  diminished 
and  removed,  nntil  even  thelaminae  which 
hound  the  canals  themselves  above  and 
below,  arc  gradually  diminished  and  lost, 
leaving,  therefore,  an  open  passage  below 
and  an  open  passage  above,  for  the  vascu- 
lar and  the  nervous  systems,  and  until 
those  lamintc  which  bound  the  canals  arc 
left  only  as  soliii  tnliercks  on  the  sides  of 
the  bodies  of  the  vcrteline,  forming  the 
tubercles  we  have  by  the  sides  of  the  ca- 
nal above  and  the  canal  below.  Those 
little  tubercles,  the  rudiments  of  the  four 
laminae,  also  disappear,  and  leave  only  the 
cylindrical  belies;  so  that  we  sec,  by  go- 
ing along  these  numerous  vcrtebne,  that 
we  are  left  at  length  solely  with  the  parts 
whicli  are  of  most  importance  to  give 
strength  and  inol)ility  to  the  wbde  of  this 
'  flexible  region  of  the  body. 

You  observe,  then,  that  it  is  in  the  low- 
est of  the  amphibia  that  the  coccygeal 
region  is  thus  extensively  developed  next 
to  fishes,  which  fishes  have  it  always  large 
and  long ;  indeed  in  some  instances  to  so 
great  an  extent  is  it  de\  cduj)ed,  that  much 
more  than  half  of  their  vcrtcbml  column 
consists  of  coccygeal  vcrtcbnc.  Now  that 
is  interesting,  liecanse,  as  wc  ore  ascend- 
ing from  the  fisli-like  form  of  vcrtcbratcd 
animals  to  their  air-brcatiiing  reptile  con- 
dition, we  see  that  wc  are  losing  the  whole 
condition  of  the  skeleton  common  in  tha 
class  of  fishes,  to  come  to  those  forms  of 
all  the  parts  best  suited  for  a  terrestrial 
life  xr.vt  v.ith  in  the  rcjjtil  But  it  is 
interesting  to  trace  those  analogies  e%'eu 
up  to  the  structure  of  man  hunseu.  Man 
begins  by  being  formed  with  a  vertebral  co- 
lumnlike th-xt  of  aquatic  animals,  and  great 
part  of  his  development  runs  rapidly  (»n 
while  he  is  yet  in  this  aquatic  condition, 
enveloped  everywhere  by  fluid  in  which 
he  is  suspended  and  floating.  Now  it  is 
curious  to  observe  that  even  man  in  that 
condition  has  neither  arms  nor  1c:ts  for  a 
considerable  time,  but  that  his  vertebral 
column  shoots  out  into  a  series  of  coccy- 
geal vertchne,  and  t(  rminatcs  in  a  \i\  o- 
jecting  pointed  tail,  as  you  well  know,  and 
as  you  see  figured  in  these  plates  of  Tiede- 
mann  and  of  De  Serres. 

Now  then  we  perceive  that  tliis  pro- 
jecting teraiiuatioii  of  bis  vertebral  co- 
lumn is  giadually  diminished,  and  that 
a  vumber  of  hla  ocigiiMl  inovcidile  ooccy- 
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Real  vertehne  disappeari,  two  or  three  are 
lost  in  the  course  of  hli  development,  \ 
when  his  arms  and  legs  are  beginning  to  \ 
bud  out  from  his  sides.    It  is  beautiful  to 
trace  this  same  ])henomenon  in  the  lower! 
animds  taking  place  upon  a  large  scale^ 
and  to  see  what  close  analogy  man  has  with ' 
the  tadpole  condition  of  these  amphibious  j 
species  in  his  coccygeal  region  at  this 
early  period.  But  in  the  adult  frog  we 
observe  a  remarkable  change  has  taken 
place  in  these  termiual  vertebrae.  The 
adult  frog  that  has  all  its  coccygeal  verte- 
br.-e  now  united  into  a  solid  undivided 

i)iece  (4S*  d),  had  at  a  former  part  of  its 
ife,  througlrout  its  tadpole  state,  a  great 
nimibcr  of  separate,  moveable,  coccygeal 
vertebrse,  much  more  than  double  or  treble 
the  number  that  it  has  in  its  whole  verte- 
bral column  in  after  life.  It  had  these 
coccygeal  vertebra  projecting  from  its 
sacrum,  and  all  moveable  upon  each  other. 
Thflsemovealile  coccygeal  vertebne,  which 
I  now  present  to  your  view  in  this  large 
tadpole  of  the  rana  paradoxa,  gradually 
disappeared,  they  became  aliMriied;  the 
whole  tail  became  fimaller,  diminished, 
appeared  to  shrivel  up,  became  absorbed, 
and  was  gradually  carried  into  the  vascu- 
lar system,  and  removed,  like  other  decayed 
parts  of  the  system,  by  the  excretions. 
This  is  not  a  ease  like  the  shedding  of  the 
antlers  of  the  deer,  which  have  their  vi- 
tality cut  off.  The  tail  of  the  tadpole  does 
not  drop  ott'  and  iioll  to  the  bottom  of  the 
water.  There  it  •  a  beaotiAil  airangement 
for  that  purpose  in  the  solid  pai'ts  of  the 
skull  of  the  deer ;  those  devekmed  tube- 
nslties  of  tlM  firaatal  bones  which  we  see 
shooting  out  frwa  the  head  of  the  deer, 
become,  by  the  obliteration  of  their  arte- 
ries, extra-vascular  bodies,  ,  the  antlers 


tiieir  sources  of  nutrition,  and  of 
course  are  undermined  and  cast  oil';  but 
the  parts  that  we  are  now  speaking  of  in 
the  skeleton  of-  the  amphibia  are  very 
different ;  they  are  throughout  organised 
partSf  and  are  gradually  absorbed  and  re- 
moved as  they  become  less  nsefol  and 
less  required  for  progrcssivo  motion. 

The  posterior,  then  the  anterior,  extre- 
mities make  their  appearance,  and  these 
estremitiss  beeomo  at  lMig&  llie  sole  or- 
gans of  progressive  motion  as  the  animal 
comes  to  the  banks  of  the  river,  or  of  the 
pool  of  water,  and  the  tail  gradually 
shrinking,  appears  in  the  form  of  a  long, 
cylindrical^  solid  bone  {S*  d),  protect- 
ing the  bade  part  of  the  pelvis,  and  with- 
out internal  canal  for  the  passage  of  the 
Spinal  chord.  And  while  these  changes 
are  taking  place  in  the  coccygeal  vertebrse 
of  the  anurous  amphibia,  the  laminae  of 
the  dorsal  vertebra^  are  expanding  and  ex- 
tending backWfti'Ud  thfiir  ^tkuW  pro- 


cesses in  an  imbricated  manner  over 
each  other,  so  as  to  secure  the  articula- 
tions of  the  back ;  the  bodies  of  the  ver- 
tebrae arc  becoming  strengthened  by  the 
ossification  and  anchylosis  of  the  inter- 
Tertebnd  soft  substances,  and  the  trans^ 
verse  processes  are  extending  laterally, 
like  ribs,  for  the  protection  of  the  trunk 
and  the  attachment  of  powerful  voides. 


The  bones  of  the  head  ( T*)  of  amphibia 
are  almost  as  detached  and  moveable  as  t 
in  any  osseous  fishes.  The  occipital  bono 
has  a  secure  articulation  by  means  of  two 
pnmdnent  condyles  (T*  b,  b)t  which  be- . 
long  to  its  divided  basilar  portion,  which 
is  here  bisected  by  a  suture,  as  you  s^  in 
this  common  green  frog,  r«ma  MeHlmto 
{S*).  The  two  parietal  bones  (T*  0,  c) 
which  you  observe  anterior  to  the  occipitaJl 
bone  are  largely  developed.  They  are 
largely  developed,  not  only  in  the  am' 
phibious  animals,  but  in  all  the  reptiles. 
We  shall  see,  in  the  next  class  of  ani- 
mals, both  in  the  serpents  and  in  the  saiu  - 
rian  reptiles,  that  these  two  parietal  bones 
early  meet  and  ancl^ylose,  so.  as  to  form 
one  solid  arch  over  the  sur&oe  of  the 
brain.  The  only  solid  ])art  you  see  in  this 
moveable  skull  of  the  serpent,  is  the  solid 
arch  formed  by  the  anchylosis  <tf  tlie  two 

f varietal  bones.    You  see   these  bones 
argcly  developed  and  lengthened  in  their 
form  here,  as  in  fishes.   The  brain  of 
fishes,  and  particularly  the  cranial  cavity, 
has  a  lengthened  form.    It  has  to  contaia 
many  other  parts,  besides  the  brain  itself. 
It  contains  a  conslderaUa  portion  of  the* 
course  of  the  nerves}  it  contains  that 
glairy  arachnoid  substance  in  large  pro- 
porthm  wUeh  we  see  fllUng  the  osnty 
of  the  skull  of  fishes ;  it  contains  the  or- 
gans of  hearing  in  the  osseous  fishes ;  it  • 
gives  a  large  space  for  the  attachment  ex-  • 
temally  of  many  powerful  muscles,  and  it : 
covers  the  vestibule  and  the  semicircular 

c&aale^  it  has  thus  a  loDgthe^ed  iosox  iu 
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ttteae  lowest  vcrtebrata,  and  that  length- ' 
eioed  fonn  is  chiefly  giren  by  the  deve- 
lopment of  these  two  pailetal  bones^  and '. 

by  the  lengthening  OI  the  bodf  of  the ' 
•phenoid  bone. 

Many  of  the  bones  of  the  head  that  we 
find  united  together  into  a  solid  mass  in  ^ 
the  higher  aiiimnl'',  are  here  in  the  frog 
detached  penuauerill^'.  The  anterior  fron- 
tals  (2*  A,  h)  are  quite  detached  from  the  I 
two  posterior  frontals  (7^  a  I,  which  are' 
here  imited  into  one,  and  articulated  by 
oature  to  the  parietals  {e,  e).  These  two 
anterior  frontals  (A,  A)  extend  oatwards 
and  liackwards,  tapering  tUl  thejr  reach  i 
the  brge  pterygoid  b(me8,wliidi  extend 
forwards  from  below  the  tyropanie  ('nj.I 
Yoit' perceive  the  lengthened  slender  forraj 
of  tlie  jugal  bone  {o)  extending  forwards 
from  the  tympanic  (n)  to  the  enperior 
maxillary   (k),  which  is  here  provided 
with  a  range  of  minute  teeth,  although 
fliere  are  none  in  the  lower  jaw  («).  The 
two  internmriliary  hones  (7^ /i/)  are  here 
developed  transversely,  as  in  fishes,  as  well 
as  upward^  and,  like  the  two  divMons  of 
the  vomer  .ui  l  fVie  upper  jaw-bones,  they 
are  provided  with  small  osseous  teeth,  like 
ttbee  of  fishes,  which  produce  a  minntely 
aerraied  mpfimmm  ia  tlieadpwtaafihe 
ikHB. 

'  The  cavity  of  the  cranium  (T*  <r,  c)  here 
CKMipies  but  a  very  small  portion  of  the 
grent  Ijreadth  of  the  head,  which  i«  chiefly 
extended  lateraUy  by  the  upper  and  lower 
jtm-himm,  ieaviag  a  large  sqaare  vaoaney 
between  the  pkull  and  the  upper  jaw  on 
each  side,  which  yon  see  to  a  less  extent 
iw  higher  reptiles,  recent  and  fossil. 
The  extension  laterally  of  the  tynfipanic 
{T*  n)  and  jugal  (7^  o)  bones,  throws  out 
the  posterior  ends  of  the  lower  jaw,  and 
tiMf  ptoimoB  a  condyle,  which  is  extended 
<lowr)wards,  and  received  into  a  glenoid 
cavity  of  tho  lower  jaw,  as  in  fishes  and 
nsost  reptiles. 

The  lower  jaNAflis  separated  at  the  sym- 
phisis, and  each  lateral  division  consists 
of  tfera  pieeee,  an  anterior  (T*  «),  a 
middle,  (7**  >  ,  and  a  ]i08terior  portion 
{T*  t),  which  form  a  wide  and  very 
dendsr  flroli  on  eswh  side,  entirely  des- 
titute of  teeth  in  the  £rog,  although  there 
are  teeth  here  in  the  lower  jaw  of  the  m- 
lemamier  and  tho  proiewt.  You  can  feel 
wiOiflM  finger  the  nrnghMes  piwdaced  on 
the  upper  jaw  by  these  very  minute,  vharp, 
recurved  teeth.  The  peculiar  form  of  the 
tangoes  wUdi  it  beat  adapted  hi  thslWigv 
hjr  being  bifid  and  curved  backwards,  for 
Hlfhig  the  larvie  and  the  worms  that  are 
oreeptog  upon  fee  piaiils  en  wMch  ft  feeds, 
renders  it  more  advantageous  to  have  the 
teeth  in  the  upper  jaw  of  the  frog  than  in 
theiowei.  Ii4re  (boa  are  w&  IwaU  whieh. 


present  teeth  in  the  upper  jaw  of  the  frog, 
the  two  superior  maxillarj  bones  T*  ktk)i 
the  two  mtenmudllarf  bones  (7**/,  /); 
and  the  two  divisions  of  the  vomer. 

Now  as  we  are  proceeding  upwards 
through  the  animal  kingdom  in  tracing 
the  development  of  these  parts,  it  does 
not  surprise  US  to  find  teeth  in  the  vomer, 
for  m  lisslies  we  have  already  seen  them  in 
every  hone  in  the  mouth ;  not  only  in  tlie 
upper  and  lower  jaws  but  in  the  pahttine 
boneii,  the  os  hyoides,  on  the  tongue  itself 
on  the  pharyngeal  hemes,  on  the  branchial 
arches,  and  all  parts  of  the  mouth.  Here, 
however,  you  perceive  they  are  becoming 
more  circnmicribed  in  their  distribution, 
and  by-and-by  we  shall  come  to  serpents 
and  lizards,  where  they  are  confined  to  the 
jaw-bones  and  the  palatine  bones,  and  at 
length  in  crocodiles  and  mammalia  they 
are  confined  to  the  intermajdllaries  and 
the  jaw-bones  alone* 

There  are  no  riba  developed  ftVMn  the 
eTtrrmitic?  of  the  tmnsverse  vertebral 
processes  in  the  frog  {S*).  This  ap» 
pears  to  he  principally  dependsnl  OR  the 
long  use  that  is  made  of  the  branchial  riba 
or  the  branchial  arches  during  the  long- 
continned  aqo^  reepiration  of  the  tad- 
pole. A  gr^t  part  of  me  vital  energies  of 
the  frog  i^  expended  informing  a  fish,  and 
to  keep  up  that  liah-iike  condition  through 
that  period  of  its  life  m^en  the  develop^ 
ment  in  all  its  systems  is  mnat  active.  It 
is  then  that  we  find  it  with  its  four  gilltf 
on  eaeh  aMe  abeoHn^  oa^  largely  de- 
veloped, ^vith  its  hmnchirtl  nrches  and 
complicated  oa  hyoides  ail  perfected  as  in 
the  llsh*  Bat  ulte  to  liie  petfeot  fi9th 
though  at  first  so  necessary  and  complete 
in  the  tadpole  or  larva  state,  we  would  say, 
(were  we  not  to  perceive  the  beautiful  re- 
lations of  all  these  decidnons  parts  to  the 
early  habits  of  the  animals,  to  its  food  in 
the  first  condition,  to  its  safety,  and  to  the 
pnrposes  it  has  in  the  great  eeoneaf  of 
nature,  *  wa?  ovpendingite  vital  powers  for 


a  useless  purpose  in  forming  soc^ 
plex  apparatns  whieh  it  mvsi  aflerWaidf 

lose. 

These  branchial  arches  are  connected 
with  the  posterior  part  ^  tite  os  hyoides. 
The  OS  hyoides  is  at  first  a>mplicated  and 
greatly  developed  in  the  frog,  and  is  con- 
nected behind  with  all  the  i)ranchial  ap- 
paratus ;  but  as  it  advances  in  tha  meta* 
morphosis,  the  liranchial  arches  are  gra- 
dually softened  and  absorbed ;  they  are 
aolleaed»  and  yon  perorfve  they  gradaaHjr 
lose  many  nf  their  parts,  becoming  more 
simple  in  their  form  till  they  disappear, 
and  the  08  hyoidas  is  radooed  taHMsmrpla 
adult  condition  which  it  retains  in  afti  r-lilV. 
But  while  all  this  5s  going  on,  and  there  is 
m  oecMsity  lux  uxv  U«vei(^ui«Bl  <tf  fibsi 
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tlie  animal  breathing  hy  means  of  gUIs,  it 

is  not  excrtinu;  those  two  cellulnr  ^acs, 
■which  it  contains  within  the  cavity  of  its 
abdomen,  and  which  it  is  to  employ  in 
after- life  for  the  purpose  of  respiratinn. 
When  it  conies  to  be  an  animal  residing 
Upon  the  dry  landj  and  breathing  by  lungs, 
it  has  passed  the  time  of  life  for  developing 
new  bones  from  the  transverse  processes 
of  the  vertebrae,  to  he  connected  with  the 
Expansion  and  contraction  <^  the  trunk  to 
protci  t  the  cbcst,  and  to  serve  fur  the  ])lay 
of  the  lungs.  All  that  period  has  passed} 
therefore  you  see  that  even  those  amphi- 
bious animals  w  hich  have  the  rihs?  most  per- 
fect, as  the  salamanders,  have  them  only  in 
the  form  of  small  rudimentary  short  tu- 
bercles, or  spines,  at  the  ends  of  the  trans- 
verse processes  of  the  vcrtcbru;,  because  of 
tiieir  respiring  for  snch  «  length  of  time 
only  by  means  of  their  branchial  arches. 

We  have  to  come  to  some  curiou?  con- 
atderatioDS  regarding  the  changes  which 
occur  in  this  branchial  apparatus  when  we 
come  to  speak  of  the  development  of  the 
vascular  system.and  the  important  changes 
that  take  place  in  the  vascular  system  in 
frogs,  in  changing  from  the  circulatioB  of  a 
fish  almost  to  that  of  reptiles. 

Af  connected  witih  the  impeH^Bct  de« 
velopment  of  those  bones  which  extend 
from  the  transverse  processes  of  the 
vertebra  in  the  amphibia,  — the  ribs— 
we  saw  jMterday  that  for  the  support  of 
the  arms  or  atlantal  extremities  in  fishes 
there  was  an  arch  formed  by  the  scapula 
on  each  side,  and  the  coracold  portion  of 
the  scapiila,  running  down  to  meet  in 


frog  {U*)  the  scapula  {V*,f,f)  upon  the 
bade  part  (ir*,^j)i8  expanded  ;  it  is  in  this 
V*  part  still  soft  and 

,  a    • '  .  flexiblcandlnitira- 

perfectly  ossified, 
c  "~  and  the  soft  con- 
«-  r|  dition  of  this  pari 
*  ,  ^  you  will  be  able  to 
4  .  /  see  in  thcs[>ecimen 
"r"  ofthe  scapular  arch 
of  the  frog  h(  fdi  c 
you  {lJ*,i,i).  The 
figure  which  I  now  show,  and  which  I 
have  drawn  upon  this  very  large  8cal% 
I  have  taken  from  the  specimen  which  I 
hold  in  my  hand,  so  that  you  may  be  able 
to  compare  and  more  easily  comprehend 
each  part. 

You  will  perceive  that  the  back  part  of 
the  scapula  ^t,  i),  as  exhibited,  is  thin  and 
flexibly  and  it  not  ossified.  Where  it 
meets  with  the  solid  part  {U*f,f),  it  pro- 
duces the  appearance  of  an  articulation, 
— ^the  same  thing  which  yon  oheerve  ia 
many  cartilaginous  fishes ;  that  the  pos- 
terior part  is  not  connected  with  the  an- 
terior part  of  the  scapula.  Nothing  is  morQ 
common  than  to  meet  with  separation  of 
the  two  portions  of  the  scapula  in  the  ex- 
tinct forms  of  swimming  saurian  reptUea.  la 
the  frog  there  is  formed  a  sort  of  glenoid  Cft> 
vity  [U*  k,  k)  for  the  head  of  the  humerus; 
but  the  coracold  portion  {U*  e,  e)  ofthe  sca^ 
pula  continues  downwards;  and  before  it 
reaches  the  sternum  [d)  it  expands  into  a 
broad  large  mai|pbai  and  this  ooracoid  por- 
tion {e,  e),  whieh  extends  downwards,  to- 
gether with  the  ossified  scapular  portion 


flont,  this  arch,  which  is  formedfor  thej(y;y^  and  the  clavicle  {c,c),  form  the 
support  ofthe  arms  or  the  pectoral  fins,  glenoid  wide  aich  or  cavity  for  the  liead 
does  not  in  fishes  derive  any  support  i  of  the  humems.  Here  the  whole  scapular 
from  ribs,  for  ^beseare  only  thin,  slender,  |  arch  is  enormously  dexelopcd,  and  we  had 
fleadble  spines,  often  buVuKi^tcd  at  the  ends  it  enormously  developed  yesterday  in  both 


of  the  transverse  processes.  That  is  pre- 
cisely the  kind  of  attachment  which  the 
tfrms  of  the  frog  and  all  the  other  amphi- 
bia have  through  the  whole  of  life.  You 
will  perceive  that  the  anterior  extremities 
{S*  hy  are  here  supported  upon  an 
irch  composed  of  the  scapular  bones,  hot 
that  this  arch  is  not  ronnectod  with  the 
vertebral  column,  not  even  with  the  skull, 
as  we  ftnd  it  so  generally  connected  hi  the 
class  of  fishes.  The  two  bones  that  ex- 
tend from  behind — the  t^o  scapulae— you 
have  seen  to  assume  the  fonn  of  ribs  in 
fishes.  We  saw  those  two  bones  yester- 
day, forming  the  third  arch  in  the  lower 
part  of  the  head  in  fishes,  in  the  form  of 
ribs — slender  arched  bones — the  two  sca- 
pula; with  their  coracoid  portions  consi- 
dered as  one  with  the  scapulx,  and  they 
•re  SBRdogons  to  ribs  in  tneir  origin  and 
nature.  This  is  a  little  deviation  from  the 


the  cartilaginous  and  oneous  fishes  in 

proportion,  and  in  both  cases  this  de- 
pends on  the  want  of  any  support  fxam 
ribs  for  the  atlantal  extremiaes.  Thif 
coracoid  bone,  though  hero  detached,  you 
know  in  higher  animals,  with  warm 
blood,  belongs  properly  to  the  scapula. 
We  have  a  bone  on  each  side  {U*  e,  c),- 
slender  in  its  form,  insinuated  between 
the  scapula  and  the  bones  of  the  sternuui 
{U*  a,  bf  dy  fft  h),  occup>ing  precisely  thef 
position  of  the  clavicle,  and  regarded  a^ 
such.  These  two  clavicles  (c,  c)  are  but 
small  and  slender  bones,  straight,  narrow 
at  their  proximal  ends,  enlarged  at  their 
distal  extremities,  where  they  are  inserted 
between  the  scapula  and  the  coracoi^ 
bone,  so  as  to  form  a'  part  of  the  glenoid 
cavity.    We  observe,  tlu  u,  that  this  sca- 


pular apparatus,  with  the  median  portions 
.   ..     ,       ,      ,      ,  of  thesternum  ft/*  fl,  A,  rf,  a,  A),MnilBtha 

pnnitive  form  in  fiihei^  for  here  in  the  ^iigular  Arch  which  lg  to  fufvort  opba 


Digitized  by  Gopgle 


VROnfiSSOR  GfiANT  ON  THE  {MffBOLOGT 


each  &id€  of  it,  in  the  frog  aad  many  siiuioj  attached  by  a  moveable  articulation  to 
lar  ainpbihia,  the  anterior  extremities  for  I  the  sides  of  the  transverse  processes 


progressive  motion  upon  land;  the  pos- 
terior extremities  are  the  organs  chiefly 
employed  by  tliose  animals  in  the  water. 
The  central  part  of  the  scapilkr  appara- 
tus, cxtendinc:  along  the  lower  pnrt  of  the 
abdomen,  is  formed  by  a  lougitudinal  chain 
of  hones  oomporing  the  sternum.  Although 
here  thcf  ajjpear  united,  they  were  di- 


(.S*  c,  c)  of  the  last  moveable  vertebra, 
or  the  sacrum.  These  are  the  two  iliac 
bones,  shooting  down  still  in  the  form  of 
ribs,  showing  their  origin  from  the  column^ 
and  their  analogies.  Youperceive  they  hang 
from  the  side  of  the  vertebral  coluiuu, 
and  all  the  arches  which  we  have  seen 
hanging  from  the  vertebral  column  have 


vided  upon  tbo  median  plane,  excepting  begun  their  development  like  ribs.  The 
tone,  which  appears,  if  ever  it  was  divided,  {jaws  are  like  them  in  the  fishes,  theoe 

to  have  united  ut  a  very  early  period ;  and  [  hyoidcs,  the  pharyngeal  bones,  the  hran- 
in  higher  forms  of  reptiles,  we  shall  sec  cbial  arches,  the  scapular  bones,  the  true 
tfaftt'tbe  sternal  hones  do  remain  perma-|iiba.  There  are  everywhere  simplicity  and 
nently  separate.  We  hare  got  two  united  unity  of  plan  in  the  origin  and  develop- 
together  in  the  upper  j)art  (C"^-  a\  of  thc'ment  of  all  the  pai'ts  -vhit  h  are  super-* 
«ternutn,  which  are  very  thm  and  ilexible.  i  added,  in  order  to  elevate  or^amzations 
The  two  pieces  of  the  upper  part  are  I  to  more  complex  formsi 
called  the ^'-«/«nM/ bones  {U*  n"),  forming 
a  round  piece  of  soft,  thin  bone.  o  ff  ku  y 
St^-Hilaibb  has  given  names  to  the  sepa- 


rate bones  of  the  sternum,  which  are  vn  y 
useful  and  appropriate.  JBelow  this  there 
sure  two  hones  (u*  h)  also  united,  which 
a]ii>ear  to  correspond  with  the  two  Ayo- 
9temai  bones.  Below  these  two  hyo-ster- 
nal  Iwnes  is  the  ento-stemal  bone  {U*  d), 
to  which  both  the  clavicles  (e,  c)  and  the 
coracoid  hones  (c,  r)  arc  attached.  Be- 
neath the  euto-stemai  bone  there  is  an- 
other pretty  large  hone,  composed  of  two 
lateral  pieces;  the ht/po-sfn-nn^  y)  bone, 
stfid  thtsn  the  lowest  two  uiuted  large  pieces, 
wMdi  yon  know  in  the  human  stemmn 
compose  the  ensiform  orxi])hoid  cartilage, 
is  the  seiphi'Stermi  {V*  h)  bone.  This 
then  lorms  a' pretty  comply  series  along 
the  middle  of  the  lower  pai-t  of  the  trunk 
of  the  body,  corrospo?»ding  with  the  chain 
of  vertebral  bones  above,  like  an  inferior 
median  colnnn. 

In  the  arms  of  the  frog  (5*)  we  have 
oi^ns  but  little  developed,  compared  with 
the  legs.  The  hnmeras  A)  is  a  short 
strong  l>one;  the  radius  the  ulna 

{8^  i.  i)  are  anchyiosed  into  a  single  bone. 
It  is  lalerestbig  to  observe  this  early  and 
complete  anchylosis  of  two  bones  so  im- 
portant as  tho  radius  and  the  ulna,  which 
we  perceive  often  also  in  fishes.  We  know 
that  at  an  early  period  in  the  frog  they 
are  detached,  and  we  can  always  see  the 
groove  of  their  original  separation,  even 
fa  the  adidt  animal  The  hones  of  the 
carpus,  the  metacarpus,  and  the  pha- 
^gcs  of  the  fingers,  form  but  a  feeble 
organ  of  progression  compared  with  the 

Here  the  interior  extremitie?  are  fixed 
to  a  pelvic  nng,  composed  of  the  ordinary 
liones  of  the  human  pelvis.  We  perceive 
two  of  these  bones  (S*  e,  e)  of  a  length- 
ened lurui,  distant  at  their  upper  axtre- 

vixkB,  oonverging  and  meeting  below, 


These  two  iliac  bones  do  not  compel 
the  whole  of  the  pelvis,  though  they 
might  at  first  appear-  to  do  80 ;  for,  upou 
watching  with  attention  that  compressed 
part  (8*  /)  which  you  will  ])crceivo  form- 
ing the  posterior  and  inferior  part  of  the 
pelvis,  yon  can,  hy  maoeraMon,  distlncUy 
see  sutures,  and  that  it  is  composed  of 
three  distinct  bones  on  each  side.  Be- 
hind arc  the  two  bones  corresponding 
with  the  two ossa  i  .  hii,  tlie-e  haveacom- 
pressed  and  rntitukd  form.  On  the  ante- 
rior part  there  me  two  small  compressed 
bones,— the  two  pubic  bones ;  and  to  these 
are  attached  the  two  iliac  hones.  So  that 
if  you  were  to  examine  narrowly  tliis  ace- 
tahulnm,— the  cotykiid  cavity  for  the  head 
of  thf^  fi  Timr, — you  would  actually  ^I'r, 
as  in  the  human  cotyloid  cavity,  the  three 
bones  entering  into  its  formation  on  each 
side, — the  ilium,  the  ischium,  and  the  pu- 
bis ;  so  that  w  e  havt;  now  arrived  at  a  more 
complete  pelvis  than  any  we  saw  in  fishes, 
although  it  is  still  freely  moveable  OA  the 
sides  of  tiie  vertelnral  column. 

We  observe  that  the  antnnor  and  pos- 
terior extremities  ai  e  e:onerally  very  im- 
perfectly developed  m  Uie  animals  of  this 
class,  as  in  the  preceding,  for  these  are  not 
the  organs  that  are  first  or  most  required 
in  progressive  motion.  In  the  conUitioii 
of  the  fish  it  is  the  tail  part  of  the  verte- 
bral column  that  is  the  principal  and  the 
most  ])owerful  instrument  for  progressjvu 
motion  ;  and  in  the  tadpole  condition  of 
the  higher  amphibia,  and  throughout  the 
whole  life  of  the  aquatic  genera,  still  the 
tail  is  the  ])rincipal  organ  for  progressive 
nmtion.  Hence  it  is  that  in  fishes  the  anus 
and  the  legs  are  so  small  and  imperfectly 
developed ;  because  their  powciful  iustni- 
ment  for  progressive  motion  is  the  poste- 
rior part  of  The  v  ertebral  column  which  is 
largely  supphed  with  muscles — all  that  is 
neoemry  to  eiwurc  &  powerful  ^  tften- 
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•ive  motion.  You  will  observe,  that  in 
the  vkdeton  oftbeproteua  (W*),  the  sea- 
'        pula;  (IF*  ff)  still  form  a  loose 

arch,  and  hrxvc  their  posterior 
,j  pai  t  unossified,  and  separated 
by  a  suture  from  the  ossified 
portion  below;  the  ossified 
portion  shoots  down  to  the 
glenoid  cavity  fmr  the  recep- 
tion of  the  head  of  the  hume- 
rus, and  the  coracoid  bones 
(Tr*  /)  are  large  and  ex- 
panded in  front.  In  the  pos- 
terior part  of  the  trunk  we 
observe  the  iliac  bones  ( W*  k) 
shooting  down  from  the  rides 
of  the  vertebral  column,  ex- 
panded in  theii*  upper  part, 
and  cartilaginottsUke  the  sca- 
pula; [W*  r;)y  shooting  down 
and  forming  an  arch  by  their 
expanded  junction  in  front, 
and  this  arch  Is  composed  of 
the  onlinary  pelvic  boties,  the 
ischium,  the  pubis,  and  the 
two  iliac  bones.  In  the  ske- 
leton of  tho  siren  of  America, 
which  has  no  posterior  extre- 
mities nor  pelvis,  the  scapnlar 
arch  is  formed  in  the.  same 
way,  by  a  semi-ossiliud  divi- 
ded posterior  scapular  portion 
reaching  to  the  glenoid  cavity,  ntul  a  \  ery 
broad  expanded  anterior  scapular  portion. 
But  neither  of  these  two  aqnatic  species 
has  a  single  vertebra  belutui  tlie  skull  in 
a  fixed  condition,  or  with  \t»  transverse 
processes  modified  in  any  way  to  give  a 
firm  attachment  to  posterior  extremities ; 
so  that  their  exti*emitie8  and  their  cohimn 
are  in  the  free  condition  of  th(Me  oi  hsihes, 
sad  not  like  ttaoee  of  land  amphibia,  where 
these  feeble  extremities  of  tlie  aquatic 
gpecies  become  much  more  deveiopei),  and 
supply  the  place  of  the  tail  as  organs  of 
Buppoi-t  and  of  progressive  motion. 

The  jjosterior  extremities  of  the  frog  are 
rather  unumalous  in  their  structure  and 
appearmce.  We  see  that  they  are  deve- 
lope»l  to  an  extraordinary  degree  com- 
pared with  the  anterior  extremities.  They 
are  organs  of  progressive  motion  which 
are  of  far  the  most  inii)ortnnr'e  in  tlic 
leaping  movements  of  the  frog  on  land, 
and  to  give  a  vigorous  impnlse  to  the  wa- 
ter when  the  animal  betakes  itself  to  that 
element.  These  extremities  begin  by  a 
long  femur  (i*  0*  There  succeeds  to  the 
femur  another  long  single  bone  {S*  m) ; 
and  if  we  were  to  examine  the  osteologj* 
of  the  frog  as  an  igulatcd  being,  without 
any  views  of  analogy,  or  without  exam  in- 
in^  the  modifications  of  form  assumed  by 
the  same  bones,  we  might,  perhaps,  be 
incltQed  to  say,  that  the.  tvo  ntttt  bones 


{S*  M,  o)  that  succeed  to  t>i!<?  second  sin- 
gle hone,  arc  the  tibia  and  fibula,  for  they 
have  both  a  lengthened  form,  and  are  pa* 
rallel  to  eacli  other.  The  second  bone 
{S^  »),  however,  although  single,  was  in 
this  animal  originally  compo^  of  two 
separate  hones,  the  tibia  and  fibula 
(•b**  m)t  and  the  line  of  original  separa- 
tion i8*still  perfectly  visible,  although  they 
are  now  completely  anchylosed  together. 
They  have  anchylosed,  and,  like  \}\>:  mdius 
and  ulna  (6"*  f,  i)  of  the  forea,iui,  they 
have  formed  a  single  bone.  The  two  bones 
that  succeed  have  a  lengthened  form,  hut 
what  of  that?  Whether  they  were  cubi- 
cal, s'phcrical,  compressed,  filiform,  or 
cylindrical,  or  any  other  form,  bones  can 
assume  any  fxprms  that  are  necessary.  We 
find  the  hones  of  the  fingers  in  hats  to  be 
Icnjrthcned  out  like  wires,  wliich  is  the  best 
form  for  their  purpose ;  in  the  moles,  again , 
they  are  short,  comiuesscd  together,  and 
of  a  cubical  form,  but  What  ttthafcaito 
their  nature  }  So  have  "Wc  here  the  cal- 
ctmeum  {S*  n)  oros  imlcis,  and  the  <utra- 
galut  {S*  o)  presentint;  a  lengthened  form ; 
and  ail  this  gives  flexibility,  and  at  the 
same  time  strength  and  an  expanded  surface 
for  the  posterior  extremities  to  strike  the 
water  in  swiajniing.  Then  succeed  other 
four  small  bones  of  the  tarsus,  and  the 
hones  of  the  metatarsns  {S*p)y  which  are 
lengthened.  The  phalanges  of  the  toes  are 
also  very  much  lengthened,  to  support  the 
interdigital  membrane  of  the  feet,  i  hci  u 
are  only  four  fingers  distinctly  developed 
on  the  hand,  hut  five  toes  on  the  foot ;  so  that 
alto^'cther  the  posterior  extremities  are 
those  which  are  nmst  develo)>ed  and  moat 
req»'.irci!,  both  on  land  nnri  in  water,  and 
those  which  we  find  to  be  most  complex 
and  perfect  in  thehr  internal  structure. 

If  we  had  more  leisure  to  dwell  upon  all 
the  subordinate  forms  of  the  skeleton  in 
every  class  and  order  which  we  consider  in 
passing  through  the  animal  kingdom,  and 
to  deduce  scientific  conclusions  and  prin- 
ciples of  reasoning  from  all  that  we  ob- 
serve, I  w  ould  impress  you  with  the  ne-* 
ccssity  of  minutely  examining  those  or- 
ganizations which  impear  most  different 
from  each  other,  and  of  fixing  clearly  in 
the  mind  some  one  or  more  of  the  t  \  al 
forms  of  the  skeletoua  in  each  subordinate 
group.  Yon  may  possibly  liave  occasion 
hereafter,  when  at  a  distance  from  mu- 
seums, to  employ  all  the  knowledge  you 
possess  of  the  osteology  of  the  human 
body,  and  of  the  lower  forms  of  the  ske- 
leton, to  the  advancement  of  science.  In 
that  case,  if  you  had  a  previous  exact 
knowledge  ofthe  typical  forms  which  are 
common  to  whole  groups  of  animals,  par- 
ticularly of  the  essential  elementary  parts 
of  their  skelston,  bow  nadily  yott  would 
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lie  able  iblbnn'an  accurate  judgment,  even 
upon  comparatively  slender  data,  where 
another,  with  even  more  means  of  forming 
a  judgment,  but  without  the  same  previous 
scientifu-  knowledge,  would  be  i^'uidcd  by 
analogies  the  most  superiicial  and  absurd. 
The  ikeleton  of  the  nJamaBder,  the  figuie 
of  wUch  iX*)  I  hold  in  my  hand,  was 


mistaken  for  that  of  an  antediluvian 

giant.  It  j)reseiits  something  like  a  human 
vertebral  column ;  something  like  an  ex- 

Cded  human  occipital  bone;  but  what 
wiedge  oi  the  principles  of  osteology 
could  compare  this  head,  with  large  lateral 
openings,  these  expanded  jaws  and  teeth, 
these  scapular  bones,  these  short,  pointed 
ribs  continued  from  the  ends  of  the  trans- 
verse processes  of  the  vertebra:  in  this 
skdeton  of  a  gigantic  extinct  aquatic  sa- 
lamander, or  any  one  of  its  hones  taken 
separately)  with  the  oorrespondiog  jparts  of 
a  human  skeleton — ^the  skeleton  or  a  land 
animal  organised  to  support  the  trunk  in 
an  erect  position.  Yet  this  is  the  sup- 
posed human  skeleton,  the  famous  homo 
diluvii  teaiis  of  Schkuchzer  foand  in  the 
tertiary  calcareous  slate  of  Oeningen,  and 
so  long  believed  tu  bu  a  remnant  of  our 
Tacei,  bmrtcd  by  the  universal  deluge, 
fivery  part  of  its  skeleton  illustrates  what 
we  have  been  exauiining  of  the  forms  of 
the  bones  of  these  amphibia,  and  especially 
of  the  long-tailed  species,  but  the  merit  of 
deciphering  the  true  nature  of  this  inte- 
resting reUc  was  left  to  the  iUurttionB 

CUVIXB. 

To  morrow  I  dull  proceed  to  the  es- 
ledlogy  otttpfOiBBt 


Thb  Ao-oaBiTAL  Bonk. — Its  existence 
in  man  (it  is  very  manifest  in  ov^wrous 
animals)  has  been  for  some  time  asserted 
by  M.  Serres,  though  not  generally  re- 
cognised* In  young  snli^ects  it  is  a  sepa- 
rate piece,  but  in  some  cases  is  insepara- 
bly united  wicb  the  orbital  portion  of  the 
fBperfor  mMS09Kf$  iMsk  H  mrlaps. 


CASE  op 

PAL8B  ANBURTSlf 

OF  THB   ASOSNDnra   POETIOM  OV  YHB 

ARCH  OF  THE  AORTA. 

AND 

RUPTURE, 

WITH  HFFTSION'  OF  BI,OOD  IftTO  THM 
l-KRiCARDlUM. 

By  J.  R.  Smtth,  if  J>.,  London, 


JosBPH  Humphries,  ag^  16,  strong 
and  muscular  for  his  years,  was,  on  the 

29th  of  November  last,  about  nine  o'clock 
a.m.,  after  liaving  ascended  a  ladder  to  a 
considerable  height,  suddenly  seated  by  a 
sharp  piercing  pain  in  the  region  of  the 
heart,  accompanied  with  a  feeling  of  suffo- 
cation and  syncope.  He  would  have  fallen 
to  the  ground  but  for  his  father,  who^ 
being  at  hand,  came  to  his  assistance,  and 
supported  him  while  he  descended  the 
ladder,  at  the  foot  of  which  the  boy  lay 
for  a  short  time  in  a  state  of  insensibility ; 
his  lips,  dieelcSy  and  ears,  livid,  his  respi- 
ration hdwrions*  After  useovering  ftom 
this  state  of  insensibility,  he  complained 
of  pain,  with  a  sense  of  tightness  and 
weight  in  the  precordial  region ;  respira- 
tion was  still  difficult. 

With  the  assistance  of  his  father  he  now 
walked  to  a  neighbouring  house,  and  then 
a  second  time  became  insensible,  and  so 
continued  for  a  longer  period  than  the 
first.  On  recovering,  therefore,  he  was 
carried  home,  a  distimee  of  a  miletlirou^ 
a  village,  some  of  the  inhabitants  of  which, 
from  his  appearance,  inquired  if  he  had 
been  drowned.  I  satw  him  at  about  eleven 
o'clock  a.m.,  two  hours  from  his  first  afr* 
tack  of  insensibility.  The  most  striking 
symptoms  of  his  affection  at  that  time 
were  timse  of  asphyxia;  his  lips,  cheeks, 
and  ears,  were  livid,  his  extremities  blood- 
less and  chilled.  He  shuddered  as  if  ex- 
tremely eoM,  or  hi  the  first  sta^e  of  agne; 
The  pulse  at  the  wrist  was  just  percep- 
tible ;  quick  and  thready.  He  complained 
much  of  pain,  and  a  sense  of  weight  in  the 
precordial  region,  and  also  of  soreness  and 
weariness  in  the  legs.  The  respiration  was 
difficult.  The  thorax  was  somewhat  more 
convex  than  natural,  and  on  the  appiica" 
tion  of  the  cylinder,  the  respiratory  mur- 
mur was  heard,  faint  and  abrupt.  The 
resonance,  on  percussion,  poetenorly  tm 
both  sides,  and  anteriorly  on  the  right, 
was  clear.  On  the  preconlial  part  of  the 
lefty  fiNlGhing  up  to  Mir  tte  cMsk^aafl 
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LECTU^  XV. 
ON  THB  OSTEOLOGY  OP  SERPENTS. 

We  have  In  the  structure  of  the  skeleton 

of  the  serpents,  the  first  of  the  true  rep- 
tiles to  which  wo  now  come,  a  beautiful  il- 
lustration of  the  simple  means  employed  in 
organic  structures  to  accomplish  the  most 
numerous  and  diveraifie<l  ends,  and  of  the 
resources  of  nature  in  adapting  the  forms 
of  bones,  in  all  their  essential  and  common 
]»art8,  to  the  various  uses  the  animals  are 
to  make  of  them  in  the  living  state.  We 


have  here  animals  destitute  of  anterior  and 
posterior  extremities,  destitute  of  arms  nid 
legs,  of  hands  and  feet,  yetcapable  of  a  great 
vaiiety  of  those  active  movements  which 
we  see  In  animals  the  most  gifted  with 
those  jiarts.    We  see  theui  as  if  numfaig 
on  all  fours,  pursuing  their  prey,  rai)idly 
wmding  through  the  turf,  and  tlu  ough  the 
low  vegetables  that  cover  extensive  plains. 
If  the  prey,  to  escape  from  danger,  should 
betake  itself  to  trees,  and  imagine  itself 
♦here  to  be  in  safety,  we  find  these  animals 
windnig  like  an   ivy-branch  rntuid  the 
tree,  and  almost  without  apparent  motion 
of  any  portion  of  theh:  trunk,  gliding  as 
if  they  were  sticking  by  suckers  to  the 
trunks  of  the  trees  they  climb,  till  within 
reach,  and  then  with  a  velocity  like  an 
elastic  spring  let  loose,  they  dart  forward 
and  twine  round  their  prey.    If  their  pref 
should  even  rise  from  the  ground  into  tlic 
air,  we  see  these  serpents,  as  if  they  wei-e 
gifted  with  wings,  spring  with  velocity 
from  the  ground,  dart  upon  the  bird  and 
seize  it,  or  if  the  animal  be  a  quadruped, 
and  plunge  for  safety  into  the  water,  the 
serpents  still  pursue  them  in  that  element, 
swimming  like  fishes ;  and  yet  look  to  the 
simple  condition  of  the  skeleton.    It  con- 
sists of  a  vertebral  column  and  ribs ;  and 
with  that  simple  condition  of  the  solid 
internal  frame-work,   we   see  all  those 
varied  movements  effected. 


Tlie  vertebral  column  (F*)  here  cora- 
MMes  almost  the  entire  skeleton,  for  we 
■ave  already  seen  that  the  ribs  are  only 
prolongations  of,  or  parts  developed  from, 
the  transverse  processes,— a  vertebral  co- 
limin  pliant  like  a  cord  in  all  directions, 
but  solid  in  each  particular  bone,  to  give 
attachment  to  poweiful  and  vigorous 

No.  543. 


muscles,  both  for  the  strength  and  the 
velocity  of  all  the  motions  of  the  animal. 
This  condition  of  the  vertebral  column,  its 
great  flexibility,  is  given  at  the  same  timo 
with  great  security  in  all  its  articulations, 
which  are  here  remarlcably  numeraus,  be- 
tween each  pahr  of  vertebxc.  We  observe 
that  tiiif  ttroog  and  fleilble  column  ia 

ax 
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Bttbdivided  into  a  gi-eater  number  of  bones 
or  vertebrae  than  we  find  in  any  other 
Vtttebrated  animals,  finrming  thus  a  strik- 
ing contrast  with  many  of  the  batrachian 
animals  we  were  examining  yesterday,  as 
the  frogs  and  the  toads,  which  have  the 
fewest  vertchnc  of  all  known  animals. 
We  observed  that  these  bones  composing , 
the  vertebral  column  of  serpents.  In  order  j 
to  give  greater  extent  of  flcxibilit}-,  are 
more  curtailed  of  all  long  proj^ting  pro- . 
cesses  or  appendices,  and  are  more  re*' 
duced  to  the  form  of  simple  cubical  jiieces, 
than  we  find  in  any  other  animals.  When 
we  examine  in  detail  more  narrowly  the  I 
forms  and  the  nnroerous  articular  surfaces  j 
of  each  of  those  vortchra^,  we  sec  in  the 
whole  structure  a  beautii'ul  adaptation  to ! 
the  living  exigendes  of  these  active  and  ^ 
muscular  though  arniless'aiiiinals,  — to  the 
liexibility  of  their  entire  column, — and  to 
the  security  of  each  articulation.  The 
vertebral  bodies  terminate  before  by  a 
deep,  smooth,  concave,  articular  surface 
(Z*  0),  with  sharp  margins,  lined  with 
cartilage,  and  lubricated  with  synovia ; 
the  Ijodies  of  the  vertebric  tcnninato  bc- 
|iind  in  a  very  regular,  oblique,  smooth 
liemispherical  eminence  {Z*  a).  These 
meeting  together,  are  locked  into  each 
other,  and  secured  by  the  strong  cap- 
sular ligament.  They  are  Inhricated  by 
a  secretion  of  syno\  in,  and  they  form 
thus  a  secure  and  extensively  moveable 
articulation  ;  not  that  kind  of  articula- 
lion    which    we   see    in  quadrupeds 
where  hut  little  motion  is  allowed  or  re- 
quired in  the  trunk.    It  is  not  here  an 
clastic,  fibro-cartilaginotis  substance  that 
is  idaced  between  the  l)odies  of  the  ver- 
tebra:, to  allow  a  certain  limited  degree  of 
oompression  in  every  direction,  and  thus  to 
admit  of  comparatively  little  motion  in  the 
whole  column,  but  the  vertebraj  of  ser- 

1)Luis  play  freely  over  each  other  upon 
ubricated  articular  surfaces. 

Z* 


When  we  examine  the  sides  of  these 
▼ertefafiE^  wt  might  be  iadticodto  imagine 


at  first,  that  we  have  lost  the  transverse 
processes  on  all  the  vertebra:  anterior  to 
the  candaL  Where  are  those  toiglliaied 
transverse  processes  that  wc  see  so  gene- 
rally in  higher  animals?  They  would  have 
been  inconsistent  vdth  the  free  lateral 
motions  rcyuired  in  8ei*pents,  where  the 
motions  of  the  trunk  are  chiefly  lateral. 
We  observe  that  only  the  base  of  the 
transvcra(!  process  [Z*  c,  c)  is  preserved, 
and  that  it  terminates  in  an  articular 
surfiuie,  extending  downwards  and  in- 
wards— a  convex,  smooth,  articular  sur- 
face, upon  which  plays  the  concave  ar- 
ticular surface  {B  B  cf  of  each  rib.  Tliutj 
the  ribs  of  serpents  [Y')  are,  as  it  were, 
the  transverse  processes  developed,  but 
detached  at  their  base  by  a  j^eely  move- 
able articulation.  That  great  mobi- 
lity of  the  ribs,  on  the  transverse  pro- 
cesses in  serpents,  is  necessary,  from  theif 
employing  them  as  legs  in  progressive 
motion,  and  in  consetiucncc  of  the  com- 
pression exerted  upon  the  sides  of  the 
vertebral  column,  in  the  climbing  and 
leaping  <tf  tiiew  animals,  in  the  Strangling 
of  their  prey,  and  in  the  twining  of  their 
bodies  round  the  branches  of  tree^i,  wheri 
they  often  lurk  in  concealment,  or  engage 
in  contests  with  their  natural  prey. 

We  observe  a  remarkable  form  in  the 
two  pairs  of  oblique  or  articular  surfaces 
of  thc?e  vertebrae.  We  see  that  tlie 
vertebra  before,  sends  its  posterior  articu- 
lar processes  in  the  form  flat  horizontal 
plains,  on  each  side,  over  the  two  anterior 
articulai'  processes  of  the  vertebra  imme- 
diately behind.  And  having  these  arti-< 
cular  surfaceii  directed  horizontally  out- 
wards, parallel  with  each  other  on  the 
diflfcrcnt  vertebra:,  we  observe  that  they< 
slide  laterally  in  such  a  way  as  to  aUow  of 
very  extensive  motion  in  that  direction* 
The  bodies  of  the  dorsal  vei'tebi-ae  are  can- 
nated  below,  and  have  a  contraction  or 
cer%'ix  at  the  base  of  the  rounded  posterior 
articular  tubercle  {Z*  a).  The  lamina:  are 
very  strong  parts  of  the  vertebnc  of  ser- 
pents, and  the  texture  of  all  tiiese  Ixrues  is 
remarkable  for  its  conipactness  and  den- 
sity, considcnng  that  we  are  speaking  of 
the  lowest  of  the  cold-blooded  reptiles. 
This  texture  of  tlic  skeleton  is  required  to 
give  it  strength  for  the  necessary  resist- 
ance to  the  iKwerful  muscl^  during  the 
vit^orous  and  instantaneous  efforts  wbieb 
the  serpent  exerts  at  once  on  all  parts  of 
its  vertebral  column,  urben  it  is  almut  to 
spring  from  the  ground  into  the  uir.  That 
action  is  done  by  coiling  the  htxl)-  closely 
round,  for  which  the  vertebiul  coluum  re- 
qi^iea  the  greatMt  flezihility,  into  a  nar- 
row space,  like  a  common  steel  cork- 
screw pressed  down  till  all  its  turns  touch 
eachoUier.  Thmi,  UkeaaerewtlMaMB* 
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pressed,  or  a  steel  spring  let  suddenly 
loose,  it  would  rnstaritaneously  bound  by 
its  elasticity  from  the  solid  surface  upon 
which  you  presMd  it.  Such  does  the  ser- 
pent's leap  appear,  for,  with  an  instanta- 
neous effort  of  all  the  muscles  coouected  | 
with  the  vertebral  column,  it  rises  in  a 
iiioiriont  to  assuiuo  the  straight  line ;  but' 
iu  doing  that,  it  presses  forcibly  and  sue-  \ 
cessively  upon  the  ground  with  all  the 
posterior  parts  of  its  body  touching  the 
jrround,  to  eet  the  last  remuant  of  the  ^ 
impulse  with  tiie  last  part  of  the  coccy- ; 
geal  vertebra; ;  by  all  this  effort  of  the  | 
muscles  of  the  trunk,  and  with  that  im- ' 
pulse  from  the  ground,  it  is  carried  with  i 
rapidity  forwaid  by  successive  leaps  to' 
considerable  distances.  We  have  thus  the 
most  perfect  and  beautiful  example  to  be ; 
met  witii,  m  the  class  of  reptiles,  of  a  cha-  [ 
ractcr  we  shall   fuul  to  i)erva(1e  all  the ' 
orders, — to  per^'ade  not  only  the  order  of  I 
ophidian  reptiles,  which  we  are  tiow  speak* 
ing  of,  but  also  the  ssaurian  and  the  che-  ■ 
Ionian  i-cptilt  s  — the  ball  and  socket  joints  . 
of  the  vertebral  column  {Z*  a^  b),  \ 

The  apinoitt  processes  of  the  vertcbrre 
<tf  aerpents  arc  small ;  they  extend  back- 
wards and  forwards  to  a  considerable  ex- 
ieatf  and  they  have  thus  a  pretty  consi- 
derable surface  for  the  attachment  of 
muscles,  but  they  are  vei7  limited  in  their 
development  upwarda,  where'they  termi- 
nate abruptly  in  an  even  trimcated  mar- 
gin. That  smallneas  of  the  vertebral  fora- 
men which  you  observe  between  the  very 
thick  and  strong  lamins,  is  common  to 
serpents  with  all  the  other  fonns  of  rep- 
tiles. The  foramen  or  iik  «luUary  canal  of 
each  vertebra  ia  here,  you  perceive,  in 
these  larf^e  vertebnc  of  the  hoc  r',nsMctor 
(Z*),  distinctly  expanded  at  its  anterior 
and  posterior  enda»  to  prevent  the  very 
free  lateral  motions  of  these  vertebrae  on 
each  other  from  compressing  or  affecting 
the  contained  apinal  chord,  or  the  nerves 
which  enter  to  that  chord  through  the 
intervertebral  foramina.  This  is  a  cha- 
racter which  we  find  repeated  in  all  the 
extenaively  moveable  vertebrsc  of  animals, 
where  the  vertebral  canal  is  applied  to 
the  surface,  or  coiresponds  to  the  form 
and  magnHaide  of  the  contained  spinal 
chord,  as  wc  see  in  the  most  moveable  ])or- 
tioas  of  the  vertebral  column  of  higher 
reptilea  and  of  Urda  and  mammalia. 

Tilt  conippjative  smallncss  and  narrow- 
ness of  the  vertebral  canal,  is  an  interest^ 
infr  character  in  the  osteology  of  reptiles. 
It  corresponds  with  the  small  development 
of  the  spino-cerebral  axis.  You  may,  per- 
haps, say,  that  in  fishes,  where  the  spino- 
cerebral  gytia  is  smallest,  we  have  large 
foramina  in  the  vertebrae;  so  we  have 
aU^ady  eei^  that  th^re  ia  «  large  cavity 


of  the  cranium  in  fishes,  to  enlarge  the 
exterior  surface  for  niuscnl  ir  attachments. 
The  cavity  of  the  cianium,  liowever, 
which  we  are  coming  to  now,  ia  applied 
to  a  more  important  jjurpose  than  to  cover 
a  large  accumulation  of  a  tluid  matter,  or 
to  exiMtad  the  exterior  surface  for  the  in- 
sortion  of  nuiscles.  That  was  the  case 
both  with  the  cranium  and  with  the  ver- 
tebral column  of  the  fishes.-  In  them  the 
cellular  arachnoid  eoat  is  developed,  and 
that  H<|in«l  or  semi-fluid  cellular  substance 
fills  alike  the  greater  part  of  the  cranium 
and  of  the  vertebral  canal  \  hwt  in  ser- 
pents, the  cavity  of  the  skull  occupied 
by  the  brain  alone,  and  so  is  the  vertebral 
column  by  the  apinal  marrow ;  therefore 
we  are  com  in  now  to  animals  where  we 
can  obtain  from  the  dimensions  of  the 
cranium  and  of  the  vertcbraf  canal,  a 
measurement  of  the  developinent  and 
magnitude  of  the  brain  and  spinal  marrow* 
This  ia  an  Intereatlng  fiict  even  to  the 
geologist,  for  nothing  is  more  common 
than  to  find  in  the  older  ?ecoirdary  rocks, 
vertebrte  of  great  size  belonging  to  extinct 
reptiles;  and  these  sometimes  are  con- 
founded *(by  those  who  are  not  acquaint- 
c<l  with  the  typical  chai-acters  of  the  ver* 
tebrse  in  each  class  of  animals)  with  thti 
vcrtehrre  of  the  highest  wann -blooded  aid* 
mals, — the  mammalia ;  but  in  these  foanl 
vertebne  of  reptilea  we  atiU  observe  that 
most  obvious  character  of  the  snmlliiess  of 
the  foramen  for  the  transmission  of  the 
spinal  marrow,  serving — that  little  cha-* 
meter  of  itself  serving — ^to  aeparate  these 
vertclnre  altogether  from  tiUMe  Of  tlM 
mannnilerous  animals. 

Passing  forwards  from  the  vertebral  co- 
lumn, we  come  to  the  continuation  of 
tbat  column  tiirongh  the  head;  and  hera 
we  observe,  as  iu  fishes  and  amphibia, 
that  the  whole  of  the  cranial  vertebra;  aro 
still  in  a  Une  with  those  of  flie  rest  of  the 
column.  \\'e  liavc  not  yet  arrived  at  tbosv 
animals  which  bet;ui  to  manifest  a  sudden 
change  in  the  diiection  of  the  nervous  ca- 
nal from  the  commencement  of  those  cra- 
nial vertehite.  Tbat  change  of  direction 
is  produced  partly  by  the  various  positiona 
of  the  bo<ly  and  of  the  food  of  animals^ 
l>ut  chicfiy  from  the  enormoua  develo])- 
ment  of  that  part  of  the  nervous  systoaoi 
which  in  higher  animals  is  oontaiittd 
within  these  first  cranial  vertebrae, — ti de- 
velopment of  this  part  of  the  nen'ow  sys- 
tem, which  awdia  out  the  superior  bkminas 
of  the  cranial  vertebrae  to  an  enormoua 
extent,  and  renders  a  chans^  in  the  direc- 
tion of  the  bodies  of  those  vertebrae  neces*^ 
aafy.  H«re^  however,  in  the  serpents,  w* 
have  not  yet  come  to  those  forms  where 
the  euperior  laminai  of  the  ?ertebnet  or 
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those  enveloping  the  nervous  ijrttem,  are 
go  much  metamorphosed  by  expansion. 

On  ]ookiii|  at  tbe  occipital  bone  in  this 
large  head  cl     python        *a  a  t),  we 


perceive  that  the  four  dements  of  tliat 
bone  in  the  serpents  remain  permanently 
detached.  The  basilar  bone  (Z**  a)  re- 
mains i)erinanontly  detached  from  the  two 
condyloid  (Z**  *a)  pieces,  and  these  three 
elements  contribute  to  form  the  single 
occipital  ooodylet  vrhich  is  lengthened 
transversely,  and  has  its  basilar  portion 
the  largest.  The  median  portion  or  cle- 
ment {Z**  b)  of  the  occipital  bone  above, 
remailia  detached  from  the  other  three, 
fimning  thus  the  four  centreii  uf  ossitica- 
tion  that  exiit  in  the  human  occipital 
hone  ai  an  early  ])eriod. 

Examining  the  parietal  bones  {Z**  c  o), 
yre  find  here  a  remailcable  contrast  witn 
the  detached  condition  of  those  bones  in 


cranium  -  is  but  a  narrow  tultc  passimp 
through  the  centre  of  the  head.   We  have 
here,  therefore,  only  those  portions  of  the 
human  brain  that  first  appear  In  the  em- 
hryo,  and  tliat  lie  along  the  ])a.se  of  the 
cranium  yet  developed.  All  the  superficial 
convoluted  parts,  the  higher  expanded 
parts  covering  the  lateral  ventricles  must 
he  shorn  off,  aa  it  were,  to  arrive  at  this 
simple  lengthened  condition  of  the  ser^ 
pent's  brain.  Then,  having  this  lengthened' 
and  embryo  form  of  the  medulla  oblon- 
gata, of  the  optic  lobes  or  the  corpora 
quadrigemina,  and  of  the  hemiapherea 
of  the  brain,  we  have  in  consequence  a 
lengthened  fonn  of  the  cranium,  and  of 
those  bones  especially  which  encompass 
the  brain.    But  ^ve   observe  here  that 
these  two  parietal  bones  Iiave  anchylosed, 
and  formed  a  solid  ahd  dilated  arch  over  the 
middle  portion  of  the  head.    And  you  ob- 
serve tliat  these  are  the  only  bones  of  the 
whole  series,  eidier  of  the  cranium  or  of 
the  face,  which  present  that  immoveable 
and  solid  character.    We  are  speaking  of 
animals  whose  living  habits  are  to  creep 
on  their  belly,  and  to  conce:il  tiiemselvcs 
among  the  herbage,  which  luniinnting 
quadrupeds  arc  instinctively  impelled  to 
trample  upon  and  to  eat.  No  animals, 
then,  can  be  conceived  to  be  more  liable 
or  more  exposed  to  the  trampling  of  quad- 
rupeds and  other  heavy  landanimals,  than 
these  serpents.    The  most  important  part 
of  their  economy— that  which  is  to  protect 
them  against  the  injuries  they  are  exposed 
to,— is  that  portion  which  is  to  supply 
energy  and  feeling  to  all  their  muscles  and 
organs   of  sense  —  the   grcjvt  centre  of 
the  nervous  system,  the  brain.  Her^ 
therefore,  it  is  jnovided,  where  no  other 
part  of  the  whole  head  is  so  protect- 
ed, ^th  two  stroi^  arched  bones,  anchy- 
losed  on  the  median  ])lane,  which  were 
originally  detached  along  the  median 
line.  But  another  and  a  more  important 
reason  for  the  anchylosis  of  the  two  parie- 


iMhes,  and  with  the  loose  condition  of  the  |  tal  ))ones  is  the  development  and  the 
other  cranial  bones  of  serpents.  We  oh-  powerful  action  of  the  temporal  muscles, 
■erve  them,  as  in  the  lower  vertebrated  which  would  pull  the  two  parietal  iionea 

animals,  much  lengthened  forwards  and  asunder  if  they  were  here  as  loosely  con- 
backwards  ;  that  they  shoot  forwards  from  j  nectcd  together  as  the  other  bones  of  the 


beneath  the  long,  loose,  squamous  portions 
(Z**  e)  of  the  temporal  bones,  and  form  a 
large  and  dilated  portion  of  the  cavity  of 
ihe  cranium;  that  is,  in  consequence  of 

the  longitudinal  development  of  the  whole' 


cranium.  It  is  on  this  account  that  we 
generally  find  these  two  hones  anchyloscd 
In  all  the  orders  of  reptiles,  where  the  su- 
tures are  never  so  well  developed  in  the 

cranial  bones  as  in  the  skulls  of  mam- 


cerebral  mass  ^in  the  cold-blooded  ovipor  i  malia.  And  in  the  carnivorous  mammalia, 
sous  animals.  In  the  warm>bIooded  ani-|  where  the  temporal  musdes  rise  upwards 

inals  the  hemispheres  of  the  brain  deve-  over  the  whole  surface  of  the  parietal 


lop  upwards,  laterally,  and  backwards, 
until  they  come  to  cover  all  the  rest  of  the 


bones,  and  tend  powerfully  to  tear  them 
separate,  these  two  bones  are  almost  al- 


bcalnaild  the  cerebellum.   That  produces  ways  the  fir^^t  to  imite  and  anchyloso  on 
•noqiailded  form  of  the  cranial  vertebra*  the  median  plane,  as  in  seqicnts. 
■ItBfBther  different  from  this,  in  which  the  |   The  frontal  bone  {Z**  i  A)  has  here  ita 
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four  dements  pennanentty  detached,  and  treinity  ofthelowerjaw  Z**ff)\ 

tho  posterior  fiontals  reach  fonivartl  to  the  so  that  the  lower  jaw,  being  perfectly 
lachrymal  and  nasal  bones.  The  nasal .  moveable  both  before  and  behind,  can 
bones  {Z**  p)  are  reraarictdile  for  their  allow  its  two  lateral  i)ortions  to  bo 
breadth  and  length,  tajjcring  both  up-  stretched  to  a  great  distance  from  each 
awards  and  downwards,  as  also  arc  the  other.  We  obser\  e  that  the  lower  jaw  is 
lacfanrmal  bones  {Z**  I),  remarkable  for  composed  on  each  side  of  several  pieces 
their  magnitude  and  breadtli.    We  ob- j  slightly  moveable  upon  each  other.  An* 


serve  that  the  jugal  Iwncs  ' Z**  X  i  hero 
form  the  whole  posterior  boundary  of  the 
orbik* 

A  A 


tcriorly,  however,  at  tho  symphysis  we 
liud  an  interval  of  considerable  distanc(3| 
in  which  are  the  small  interroaxiliarleSy 
supporting  a  few  tooth,  as  yoti  soo  in  this 
beautiful  specimen  before  you  of  the  skele- 
ton of  the  boa  etmttrieivt*  In  tiie  reomt 
state,  upon  loddng  at  that  animal,  yott 
jjerceivc  under  the  lower  jaw  a  black 
elastic  substance,  like  indian-rubbcr,  at 
the  symphysis  of  the  lower  jaw  where  the 
scales  are  deficient.  The  scales  possess 
so  little  elasticity  and  extensibility  that  it 
is  necessary  in  serpents  to  have  the  body 
covered  with  them,  subdindcd  into  in- 
numerable minute  parts.  They  do  not 
themselves  stretch  when  thebodystretcheSf 
but  they  separate  froni  each  other;  and  of 
all  |>ai-ts  that  require  to  be  separated  from 
each  other  for  the  \Mcn^  habits  of  these 
The  upper  jaw-honcs  {Z**  m;  A  A^  animals,  the  portions  of  the  lower  jaw  are 
b  b)  are  perfectly  moveable  upon  the  '  certainly  the  principal.  The  serpents  must 
jugal,  the  lachr)  inal,  the  intermaxillary,  1 8\\'allow  animals  entire.  Tlicy  have  neither 
and  the  palatine  bones ;  and  the  pahitiiie  !  hands  nor  feet  to  hold  down  their  victim 


bones  (Z**  v\  A  A,  d  d)  arc  moveable  on 
the  maxillary,  and  on  all  the  bones  that 
oome  in  contact  with  them.  They  are 
largely  developed,  and  they  receive  the 
insertion  of  the  two  inner  rows  of  teeth. 
!nie  teeth  of  wrpents,  which  are  most  con- 
stantly present,  both  in  the  innoxious  and 
in  the  poisonous  species,  are  those  which 
have  attachment  tothepalatine  bones ;  not 
those  in  the  upper  jaw-bones.  We  ob- 
serve that  the  upper  jaw-bones  are  placed 
apart  from  each  other,  and  from  the  inter- 
maxillariea  {A  Ay  a Z**  q)  at  the  median 
plane,  and  perfectly  niovoahle  in  every 
direction,  so  that  you  can  push  them  asuu- 
<ler  to  some  distance,  as  in  Ashes.  Extend- 
ing backwards  to  the  articulation  of  the 
lower  jaw,  we  observe  the  tem|>oral  bone 
to  have  its  aqnamous  portion  {Z**  e)  de- 
veloped much  backwards,  in  a  longitudinal 
direction ;  that  it  is  detached  from,  and 
freely  moveable  on,  the  petrous  portion 
{Z**  d),  containing  the  organ  of  hearing, 
and  has  an  articular  surface  upon  which 
plays  the  tympanic  portion  {Z**  f ; 
AA,ff,ff)  of  the  temporal  bone,fiimiliar 
to  you  under  the  name  of  the  os  quadra- 
tum,  a  name  commonly  given  to  it  in  the 
elass  of  birds,  where  it  has  a  quadran- 
gular form.   It  is  here  largely  dcrclnped, 


till  they  micjht  tear  its  limbs  piecemeal 
from  the  carcass,  nor  do  they  need  them. 
They  have  not  fixed  teeth  adapted  for 
such  a  function.  Their  teeth  have  the 
shallowest  and  most  moveable  articulations 
that  we  have  to  meet  with  ftom  this  order 
of  cold-blooded  animals  up  to  man.  Tho 
teeth  are  conical,  slender,  sharp,  osseous, 
recurved,  similarly^formed  spines  covered 
with  enamel,  placed  in  very  shallow  al- 
veoli along  the  lower  jaws,  along  the  upper 
jaws,  in  the  intermaxillaiy  bones,  and 
along  the  palatine  bones.  By  their  direc- 
tion they  serve  not  for  mastication,  but 
to  seize  and  to  retain  the  victim,  that  it 
cannot  escape  from  thdr  grasp.  The 
prey  of  the  serpents  is  necessarily  swal- 
lowed entire.  We  find  these  animals 
swallowing  quadrupeds  and  other  animals 
that  have  ten  times  the  diameter  of  the 
neck  of  the  serpent,  through  which 
neck  the  carcass  is  to  pass.  Here  is  an 
example  of  this  before  you  in  the  case 
of  a  small  snake,  the  neck  of  which  is 
not  so  thick  nearly  as  my  little  finger, 
yet  the  animal  you  perceive  has  swal- 
lowed down  a  lare:e  ftdl-grown  frog 
distended  with  all  its  spawn  ready  to  escape, 
and  the  serpent  has  lodged  it  in  itsstomach 
without  dividing  it,  and  without  scarcely 
and  strong  in  the  boa  and  in  the  python  j  lacerating  its  skin.  If  that  animal  had  had 
{Z**)y  and  has  at  Ui  upper  and  lower  ex- 1  jaws  that  were  fixed,  the  lower  Jaws  fixed  at 
tremity  a  distinct  moveahle  articulation,  tlie  symphysis,  and  the  upperjaws  also  fixed 

It«  lower  end  j^la^i  upon  the  post^ior  «x- 1  at  tlu^  ijaoniuuaihu^  luture^U  oould  not 
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hftve  tfpened  tlie  mouth  to  the  extent  ne- 
cessary to  allow  such  food  to  ]):iss;  it 
would  have  required  some  means  ol  hold- 
ing the  living  prey,  rnittt  it  might  he  torn 
to  pieces  small  enougli  to  pas.s  through 
(he  narrow  opening  of  the  jaws  iu  ttna 
fixed  condition.   But  hy  this  loose  con* 
'  dition  of  all  the  hones  surrounding  the 
mouth  of  spr])oiit<5,  wc  see  that  they  can 
distend  then  jaws  and  mouth  to  receive 
undivided  prey  much  wider  or  larger  than 
the  diameter  of  their  own  hody,  and  can 
thus,  80  far  as  the  food  is  concerned,  dis- 
pense with  arms  to  greep  it,  and  assist  in 
it3  subdivision.    It  is  hy  concealment  and 
watchfulness  they  must,  obtain  their  prey 
among  the  berbage  -which  so  profusely 
clothes  the  surface  of  the  dry  laud ;  and  to 
)iave  raised  up  their  worm>Ukc  trunk,  by 
mounting  it  upon  arms  and  legs,  would 
have  rendered  such  concealment  impos- 
sible, would  have  prevented  them  from 
gliding  through  the  minutest  apertures  of 
rocks,  or  burrowt^  or  tteea,  or  ruins,  in 
inu'suit  of  their  ]>rey,  and  would  hnve 
frustrated  the  object  of  these  vci  iebrated 
MPorms  in  the  creation.   Hence  we  see  the 
necessity  of  tliis  remarkable  looseness  iu 
all  the  Vionca  of  the  face*  and  this  remark 
ably  lengthened  development  of  both  the 
squamous  {.4  Ayf,f)   and  the  tympanic 
{dAtS^if)  elements  of  the  temporal  bones. 
The  leeue  attadnnent  of  the  teeth  corre- 
sponds  w  ith  the  feeble  attachments  of  the 
numerous  bones  on  which  they  are  sun- 
ported.  It  is  easier  for  a  serpent  to  renew 
its  loose  teetb»  than  it  would  be  to  renew 
the  i a 'V- bones,  which  would  often  be  torn 
away  by  the  sti  uggles  of  their  wounded 
victim,  if  their  hook-like  teeth  were  im- 
inoveahly  rooted  in  these  slender  and 
loose  jaws.   The  upper  maxillary  hones 
in  the  poisonous  serpents,  terminate  sud- 
denly  before  the  orbits  in  a  i'ounded  tu 
hercie  on  cac;^  aide,  vrhich  supports  the 
tabular  poison-fimg^  and  the  very-  smsdl 
teeth  which  generally  accompany  it  be- 
hind its  expanded  base,  the  large  poison 
gland  being  situate  along  with  the  Lichry- 
mal  gland  on  each  side  behind  the  orbit, 
and  <;cndtn^  forward  its  duCt  to  the  tttbu* 
lar  base  of  the  fang. 

We  observe  that  here  {Y*)  the  vertebral 
column  supports  ribs  from  the  atlas  to 
the  commencement  of  the  coccygeal  ver- 
tebras. Some  woidd  say,  in  common  lan- 
guage, that  the  serpent  wants  cervical 
vertebra:,  and,  probably,  that  it  wants 
lumbar  and  sacral  vertebns.  Viewing, 
however,  the  i  ibs,  in  their  true  light,  as 
developments  from  the  transverse  pro- 
cesses, we  see  that  in  reality  there  artJ  no 
vertebrae  tliat  are  absolutely  wanting, 
though  they  may  have  tbcir  elements  va- 
riously d«v^opQdi  noii9  oX  thev^rt^hi-K  of 
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cygep-1  nre  destitute  of  these  elementary 
.  parts,  those  detached  jparts  called  ribs,  at 
jibe  extremities  of  the  transverse  pro- 
c  I  .ses,  which  continue  moveable  through 
^  the  whole  of  life.   That  is  not  peculiar  to 
i  serpents ;  ^e  have  teen  already  in  fishes, 
I  that  the  ribs  there  also  pass  forwards  on 
J  the  vertebral  column  as  for  as  the  cra- 
I  nium.    In  crocodiles  we  are  accustomed 
to  see  moveable  transverse  processes  of 
the  cervical  vertebrae ;  it  is  the  same  phe- 
nomenon that  we  witness  here.   Nay,  we 
have  these  detached  portions  of  the  trans- 
verse processes  e:^tending  ' forwards,  even 
in  birds,  beyond  the  most  auterior  of  the 
true  ribs.  -  There  are  also  quadrupeds 
that  have  this  character.    The  three-toed 
sloth  has,  anterior  to  it»  true  rit)s,  two 
pairs  of  moveable  short,  l  ul  se,  ribs,— one  to 
the  eighth  and  one  to  the  ninth  vertebra 
behind  the  occipital  bone.   Thus  we  have 
here  a  beautiful  gi-adation  in  the  develop- 
ment of  the  neck,  which  moveable  part  of 
tlic  coliniin  is  acquired,  first  by  shortening 
these  anterior  ribs  and  transverse  pro- 
cesses, and  then  by  getting  rid  of  tbero  al- 
together, and  that  is  most  necessary  in 
the  class  of  buds.  Birds  have  the  .njaterior 
greater  portion  of  their  vertebral  oolwBn 
free,  like  the  rocf  y^'cal  vertebrae  of  a  pre- 
hensile tail,  composed  of  numerous  cytin* 
drical  pieces  veiy  moveable  upon  eadh 
other;  and  thus  they  have  the  neck  so 
ticxible  in  all  tlirections,  as  to  l)n  able  to 
sleep  with  it  twisted,under  Uieir  wing,— as 
to  move  it  in  all  directions  as  an  organ  oC 
prehension,  their  hands  being  better  em- 
ployed for  progression  through  the  atmo- 
sphere. Lookinf  at  the  ficee  mode  of  at« 
tachment  of  these  ribs  of  sei^icnts,  we  see 
no  attachment  of  a  rib  between  two  verto- 
brs,  but  every  rib  is  disthictly  attached  to 
a  sinc:le  vertebra  upon  each  of  its  sides. 
The  rib  {H  £)  plays  over  a  convex  promi- 
jB  j5     nent  surface  {Z*  c,  c)  of  the 
transverse  process,  and  has, 
therefore,    tho   freest  possible 
motion.    To  allow  of  this  free 
n^otion,  we  observe  that  the 
ribs  at  their  anterior  extremi- 
ties are  not  attached  to  sternal 
ribs;  that  Utere  are,  in  fact,  no 
sternal  ribs  ;  that  there  is  ia 
the  true  serpents  the  w^ant  ol 
all  trace  of  a  sternum ;  so  tiiat 
there  is  the  greatest  latitude 
and  freedom  of  motion  iu  the 
whole  of  the  anterior  termina- 
tions oi  the  ribs.  These  nbs  are  • 
the  organs  of  progressive  motion,  employ- 
ed by  serpents  in  all  their  ordinary  nio%^ 
ments  of  creeping.   By  this  freedom  of 
niotion,  t:iveii  hy  their  antciinr  tcnrtlna* 
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ribs  or  hy  a  sternum,  they  act  upon  the  | 
abdominal  sctUa.  The  tenia  of  serpents  i 
are  those  transvene,  broad,  imbricated,  1 

horny  plates  that  cross  the  lower  8urf;u  e 
of  the  ab('onien,  a  name  given  them  to  \ 
distinguish  tUcin  from  the  smaller  subdi- 
vided horny *cfl/M  that  coverall  the  upper 
])arts  of  their  body.  Hy  the  action  of  the 
ribs  ^^which  are  uiuved  by  very  powerful 
iutercostal  muscles)  upon  the  extremities 
of  these  scuta,  they  give  the  scuta  both  a 
motion  backwards  and  forwaids,  and  ac- 
iiially  serve  for  their  erection  from  the 
fiat  surface  of  the  abdomen;  ?o  that  if 
you  put  your  hand  under  the  belly  of  the 
serpent  that  is  creeping, — and  they  are 

giMicrally  most  b;irnilc>>s  and  CMiy;agiiig 
creatures,  though  much  persecuted  by  the 
ignoi-ant, — you  will  find  the  little  creature, 
as  it  moves  over  your  hand  by  a  slow  but 
regular  motion,  ercrts  its  snitn,  aud  you 
feel,  while  they  arc  crecpitij^,  the  erected 
ends  of  the  scuta  pres^iTi;,'  as  th»^y  aie 
gliding  over  the  surface  of  the  hand.  And 
if  they  are  reaching  up  to  a  considerable 
height  from  the  ground,  and  come  ia  con- 
tact with  your  hand  held  above,  they  can 
take  so  fum  a  hold  with  the  erected  abdo- 
minal Bcuta  upon  the  hand,  that  they  can 
glide  over  it  with  a  cousiderable  portion 
of  the  neck,  and  ultimately  be  able  to 
bring  all  the  trunk  in  succession  over  the 
band,  and  so  the  serpents  can  reach  and 
climb  from  branch  to  brancJi  on  trees  by 
means  of  their  ribs,  as  if  thty  were  rasp- 
ing w  ith  arms  and  hands. 

It  is  no  imperfection  then  in  the  skele- 
ton of  f  sei'peut  to  be  destitute  of  a  ster  - 
mmi  and  of  sternal  ribs.  It  is  the  most 
advantageous  arrangement  which  it  was 
possible  to  introduce  into  t)ie  constixic- 
tionof  tiie  lAceleton  of  serpents.  In  place 
then  of  serpents  being  most  unfortunate, 
in  consequence  of  their  want  of  orgaais 
of  progressive  motion,  in  their  want  of 
legs  an<l  arms,  they  are  gifted,  like  a  centi- 
pede (R  l),with  myriatli-  oflea;s;— the  ribs 
are  their  anns  and  legs,  in  order  to  give 
the  ribs  of  serpents  greater  elasticity, 
lightness,  and  strength,  they  are  hoUow 
-within,  like  the  bones  of  birds,  with  thin, 
compact,  and  clastic  parietes  (3  b). 
They  are  compressed  and  narrow  from 
before  backwards,  strong  and  broad  at 
their  head  {B  B,  e)  and  necle,  and  taper 
regularly  to  their  ventral  extremity.  Their 
head  pTo^^ents  a  broad,  arched,  couea\'c 
surface  to  form  a  free  and  secure  articula- 
tion with  the  rounded  transverse  process 
of  the  vertcbrcc  (Z*  c]. 

But  now  reflect  upon  what  we  were  dis- 
cussing before,  in  speaking  of  the  articu- 
lated animals  with  articulated  members, 
and  describing  the  skeletons  of  the  my- 
liapods  (Al).  We  obtemd  fhil  the  ccfi* 


[tral  rings  which  encompass  the  body,  the 
I  segments  of  the  body,  or  their  vertcbrie^ 
I  developed  lateral  prolongations  that  served 

'  them  as  organs  of  motion  ;  and  some  have 
I  traced  an  analogy  between  those  legs  of  the 
myriapods,  and  the  ribs  of  serpents,  and, 
consequently,  of  man.  (Others,  however, 
from  observmg  the  great  fliffcrencc  of 
form  betweeti  the  legs  or  jointed  mem- 
bers of  these  articulated  clas^iscs,  and  the 
ribs  mobt  known  to  u^  of  quadrupeds,  have 
not  been  able  to  perceive  the  analogy 
which  exists  between  those  dissimilar  parts. 
But  }  ni;  observe,  that  in  both  cases  they 
are  the  organs  of  progressive  motiou.  The 
function  in  both  cases  is  the  same.  In 
both  they  are  the  first  lateral  jiarts  de- 
veloped from  those  osseous  or  consolidated 
rings  that  encompass  tl;e  nen'ous  system. 
But  you  \\  ill  say,  that  in  the  myriapods, 
bciiicles  the  nervous  system,  all  the  organs 
of  the  trunk  were  encompassed  by  those 
rings.  In  these  simple  anunals  all  the 
organs  of  the  senses,  all  the  important 
nervous  parts  connecting  them  with  sur- 
rounding nature,  and  warning  them  of 
danger,  are  but  in  their  embryo  state. 
Bencc  tUi^i  solid  protection  made  by  the 
bodies  of  their  vertebrae,  enveloping  all 
their  trunk.  In  place,  therefore,  of  the 
cavity  of  their  vertebral  column  being 
devoted  to  tlie  filaments  of  the  nerves. 
alone,  these  bodies  of  the  vertebrae,  in  the 
articulated  classes  encompass  cveiy  vital 
organ,  and  then  they  give  rise  to  those 
arches  we  saw  forming  jaws,  legs,  &c.,  aft 
we  sec  in  the  serpci^ts.  Ynn,  ])  >rhap8» 
may  consider  it  too  much  lor  ariy  one  to 
say  that' the  ribs  Gt  serpents  can  be  their 
organs  of  progressive  motion.  They  arc, 
it  is  true,  organs  of  rej<  pi  ration,  so  they 
are  also  organs  for  the  }}rotection  of  the 
internal  viscera.  But  when  yon  look  at 
the  skeleton  of  tiiis  iiying  dragon,  you  see 
that  the  ribs  are,  again,  organs  of  progres- 
sive motion  in  this  samian  reptile,  which 
has  both  arnt«  and  legs,  and  is  not  in  the 
condition  of  a  stipeat;  the  ribs  are  shot 
out  in  straight  lines  which  support  a  para- 
chute. Thus  there  is  nothing  new  in  the 
ribs  of  sei'pents  serving  as  organs  of  pro- 
gressive motion,  like  the  appendices  deve«, 
loped  from  the  hollow  bodies  of  the  verlfr*' 
brae  of  articttlaia. 

Some  serpents,  as  is  the  case  with  the 
poisonous  spectacle-snake,  that  is  taught  l)y 
the  jugglers  in  India,  by  putting  it  upon 
heated  irons,  to  leap  about  to  the  sounds 
of  music  for  the  amusement  of  ignorant 
spectators,— we  oTtfoi  vo  that  that  animal 
has  sucli  moljiliiy  lu  the  ribs  of  the  an- 
terior part  of  the  neck  or  body,  that  it 
ennblcs  the  animal  to  expand  and  stretch 
itself  out  in  the  region  of  the  neck.  It  in- 
llatei  the  neck,  and  fUretcbes  it  out,  dilated; 
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by  raiMiig  its  cervical  ribs.  Then  is  heard 
TO  loud  hiss,  and  it  advahCisH  Us  elevated, 
<filtttcd,  ornamented  part,  liy  which  it  is 
Accustomed  in  lis  natural  state  to  strike 
terror  into  its  prey.  Birds  seeing  the 
gtarlniS  tya,  the  blood-red  gaping  mouth, 
and  sharp  poison-fanga  of  these  snakes 
•—Clearing  their  hissing  noise  in  their  en- 
Vtgcd  stete,  and  beholdhq;  tbem  advanc- 
ing with  a  gliding  niotion  rapidly  he- 
fore  them,  they  seem  stupiiicd,  or' as  if 
rieetri&edl  mid  in  olden  times  it  was 
tho(tL;hf  !hat  the  aflfrighted  birds  were, 
tomehovv  or  other,  charmed  or  fn'^cinatcrl 
hjf  these  animalis,  and  that  in  glitUng  im- 
tenadons  of  danger  through  the  air  they 
came  down,  drawn  by  attraction,  into  the 
serpent's  mouth.  The  poor  birds  taking 
the  direetton  to  tbeir  home,  to  their  nesC 
and  to  their  young  with  the  food  they  had 
nrocurtid  for  tbem»  arc  suddenly  arrested 
ny-  the  tight  of  the  »en)€nts,  th^r  natural 
tthd  most  bloofiv  foot*,  and  no  wonder  tliev 
ahould  be  seize<l  with  surprise,  and  should 
ttagger,  confused  by  the  spectacle,  without 
any  of  those  myxterious  influences  which 
w  ere  former) y  nttriboted  tothe^ow-gliding 
armless  serpents. 

Some  of  the  t<er])cnt8  which  are  most 
alVic'd  to  the  snnr'm  have  the  rudiments  of 
antcuor  extremities  beneath  the  iut^u- 
nients;  naf,  the  hoa  constrictors  have 
the  riKlimonts  of  legs  extending  from  the 
integuuiencs  at  the  sides  of  the  anus,  and 
even  those  which  I  hold  in  my  hand,  the 
anguis  frayUh,  and  a  few  others  that  arc 
closely  allied  to  this,  have  the  scapular  ap- 
pai^tus  which  we  saw  yesterday  for  sup- 
porting the  arms  of  the  frogs.  Tliis 
circle,  fonnod  )»y  the  two  portions  of  the 
scapula,  aud  it;>  coracoid  portion,  we  fiud 
here  as  fai  th6  saurian  reptiles.  We  find 
a  few  species  aetnally  presenting  the 
rudiments  of  the  pelvis. 

Lookhig  at  the  bacic  part  of  the  yerte- 
bral  column,  in  this  skeleton  of  the  Ion 
coiutrictor  where  the  ribs  cease  to 
be  moveable  ve  come  to  very  long,  broad, 
arched,  expanded,  and  bifurcated  trans- 
verse processes  of  the  coccygeal  vertebra;, 
as  it  were  ribs  anchytosed  to  the  trans- 
verse processes  of  these  posterior  or  pel- 
vic vcrtebrcp.  Thesit!  broad  transverse 
processes  of  the  uioat  anterior  of  the  coc- 
cygeal vertebra:,  for  they  are  confined 
cnicfiy  to  those,  give  protection  to  a 
pelvic  cavity  which  contains  in  the  male 
the  organs  of  intromission.  These  organs 
arc  situated  in  a  lengthened  cavity  behind  j 
the  anus;  so  that  these  important  parts, 
though  situate  behind  the  anns,  have  still 
all  the  advantages  of  ribs.  In  the  beau- 
tiful articulated  specimen  before  you, 
theiie  transverse   procetises  shoot  out, 

aonw  of  then  non  than  aa  inch  firom 


the  sides  of  the  vcrtohnr,  so  that  they 
afford  protection  to  a  considerable  cavity 
upon  each  side.  The  male  organ  here 
protected  is  double  ;  there  are  two  organs 
in  fact,  and  each  of  these  very  long  or- 
gans has  a  double  glans,  and  they  pass 
out  through  the  cloaca.  They  arc  re- 
quired to  be  long  in  serpents,  on  account 
of  tiie  want  of  prehensile  organs.  We 
shall  see,  in  exan)ining  these  male  organs, 
that  they  arc  developed  in  length,  in  pro- 
]K)rtion  to  the  want  of  prehoisile  organs. 
In  tracing  these  coctqrgaal  vertebrse  hack' 
warfls,  we  )iave,  again,  an  analysis  of  a 
vcrtcl)i  a,  though  not  so  complete  as  in  the 
caudal  region  of  long-tailc<l  niammaliat 
v  l  re  its  elements,  dcveloi>ed  around  the 
lK>Uy,  are  gradually  shorn  off,  uotil  we 
come  to  their  bodies  alone  at  the<»tremity, 
the  central  t  lrnient  of  the  vertebra,  around 
which  all  the  other  parts  are  developed. 

You  observe  that  the  column  is  rwnarlc- 
able  in  the  coccygeal  region  for  its  minute 
subdinsion,  consisting  of  a  chain  of  exceed- 
ingly minute  >'ertehnc,  thus  giving  the 
greatest  flexibility  tothis  terminal  part ;  and 
there  isalso  preserve*!  the  greatest  sornrity 
in  the  articulations  of  this  part  m  ail  ser- 
pents, by  its  subdivision  into  so  many 
pieces,  and  tlie  i niiarkablc  preser%'atiou 
of  all  the  elements  ui  these  extremely  mi- 
nute coccj^al  vertebriB. 

This  is  the  part  of  the  body  that  is  cora- 
moply  employed  for  fixing  the  animal 
round  the  branches  of  trees  when  watch- 
ing  the  accustomed  prey  coming  to  drink 
of  the  streams  under  the  shadowy  boughs. 
The  boa  constrictor,  and  the  larger  snakes, 
have  their  posterior  part  firmly  twined 
round  the  stems  and  branches  of  the  tree 
while  the  anterior  part  of  the  body  is  lying 
along  the  upper  surface  of  the  branches, 
quite  free  and  ready  for  action.  The  pos- 
terior part  is  twined  like  a  rope  to  obtain 
a  firm  purchase,  and  when  the  deer  or 
other  animal  comes  to  drink  under  the 
tree,  the  snake  lets  down  the  whole  of  its 
anterior  free  part  of  the  body,  t«^es  for- 
cibly around  the  body  of  the  quadruped, 
bites  it,  breaks  its  ribs,  kills  it,  and  proceeds 
soon  to  attempt  to  swallow  it.  Sumetimes 
the  alarmed  quadruped  betakes  itself  for 
safety  to  the  water  ^  so  docs  the  snake  in 
its  pursuit,  and  we  sec  it  swimming  in 
that  clement  like  a  fish,  by  the  lateral  ser- 
pentine motions  of  its  whole  body.  So 
that  although  the  serpents  are  the  most 
destitute  of  organs  of  progressive  motion 
j  of  all  the  vertebrated  animals,  they  are 
almost  the  only  species  which  can  imitate , 
every  mode  of  progression  to  be  met  with 
in  other  classes.  Their  simple  skeleton, 
consisting  of  a  vertebral  eolnmn  and  ribs, 
is  but  one  iitage  above  tiiat.  ul  the  annelidet 

and  tlM  mffri^f9d»^  snd  is  the  emblem  oC 
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that  of  man  and  manunalia  before  their 
arius  aad  legs  begin  to  bud  from  their 
■ides.  It  i»  in  tbis  tribe  of  animals,  the  first 
wc  have  come  to  from  the  monads  with 
two  auricles  and  a  ventricle,  that  we  trace 
the  chain  of  developments  from  the  eels 
among  the  osseous  fishes  to  the  bitnaoous 
and  the  biped  saurian,  and  the  iDMt  ele> 
vated  reptiles  of  the  dry  land. 


CLINICAL  LECTURE 

ON 

THE  INJURY  CAUSED  BY  TAKING 
BOILING  WATER 

INTO  THE 

MOUTH  AM)  FAUCES. 


Delhtnd  at  Jen-is- Street 
Dublin^  1833. 

Br  WILLIAM   WALLACE,  M.D., 
M.II.LA.,  &c.  &c. 

Gkntlkmkn', — The  subject  to  whieli  1 
projiosc  to  direct  your  attention  this  morn- 
ing, is  the  injury  caused  by  taking  boiling 
water  into  the  mnuth  and  fauces.  T  have 
selected  this  subject  on  the  present  occa- 
rion,  became  we  have  at  tbis  moment  in 
hospital  a  very  interesting  case  illustrativ  e 
of  it, — the  case  in  which,  a  few  days  ago  1 ;  the  difference  iu  the  result  of  the  appiica- 
perfonned  the  operation  <tf  tracheotomy, !  tion  of  boiling  water  to  mucous  and  cuta- 
and  which  has  afforded  in  ita  results  a  neous  surfaces.  The  cuticle,  when  it  ex- 
good  deal  of  gratification.  ists  in  the  former,  is,  you  know,  retiiaik- 


to  Dr.  Marshall  Hall,  and  Ibr  the  latter  to 

Dr.  Burgess  of  Clonmel. 

If  a  child  grasp  in  its  mouth  thift 
pi{»e  of  a  kettle  containing  boiling  waief* 
with  the  intention  of  talcing  a  drink,  it  is' 
clear  that  the  act  of  suction  will  i^use  a 
greater  or  smaller  quantity  of  -water  to 
enter  the  mouth.  Now  what  will  he  the 
effect  of  this  water  of  high  temperature 
on  the  surfaces  to  which  it  is  applied,  and 
what  the  extent  of  surface  to  which  it 
may  be  so  applied?  TIk  examination  of 
these  questions  will  put  you  iu  possession 
of  the  il^iury  of  structure  which  this  acci- 
dent causes,  aad  of  the  extent  of  that 
iiyuiy. 

You  know  that  when  boiling  water  has 

!)cen  apidied  to  the  common  integuments 
(and  these  bear  the  most  striking  rcsem' 
blancc  to  mucous  surfaces,  particularly  at 

their  origin,  or  where  they  arc  continuous 
with  the  skin),  the  consequence  is,  in 
general,  a  rapid  pitwluction  of  large  vesi- 
cations. You  are  not  however  to  sup- 
pose, notwithstandinp  tlic  analog}'  which 
exists  between  the  bUiicture  of  the  skin 
and  mucous  mcmbraneif,  that  such  vcsi- 
cations  are  formed  when  the  latter  have 
been  subjected  to  the  action  of  water  of  a 
high  temperature;  for  if  any  vesications 
do  arise  on  these  mcnjbrancs  from  such  a 
cause,  they  are  of  a  very  ntinute  character, 
resembling  small  pearls,  or  the  vesicles  of 
eczema.    Nor  is  it  difficult  to  account  for 


You  are  awai'e,  that  a  habit  prevails 
among  the  poor  in  this  country,  of  giving 
their  children  drinks  of  cold  water  from 
the  spout  ol  a  common  tea-kettle,  and  in 


able  for  its  tenuity,  if  compared  witli  that 
which  invests  the.latter,— forits  possessing 
a  closer  adhesion, — and  also,  probably,  for 
being  perforated  by  a  greater  number  of 


consequence  of  this  practice,  these  little  foramina.  To  these  circumstaaoes,  there 

creatures  not  nnfrcquently  attempt,  when ,  fore,  m  o  we  to  attribute  the  peculiarity  to 
alone,  to  drink  from  the  same  utensil  |  wliich  1  have  alluded.  In  proof  of  this, 
placed  on,  or  recently  taken  off,  the  fire, '  let  me  remind  yon  of  what  occurs  when 

with  its  contents  in  a  state  of  ebullition,  a  blister,  or  boiling  water,  has  been  ap- 


or  approaching  to  it ;  hence  the  injury  in 
question. 

It  is  remarkable,  that  notwithstanding 
the  frequency  with  which  this  accident 
occurs  iu  this  country  [l  have  seen  at 
least  twelve  cases  of  it),  and  for  aught  I 
know  in  others,  there  was  not  the  si  light- 
est allusion  to  it  in  any  medical  writing, 
prior  to  the  period  (eleven  years  ago)  at 
which  I  recommended  for  its  relief,  imder 
urgent  cii'cumstances,  the  operation  of 
tracheotomy.  Since  that  period,  however, 
the  injury  has  been  the  suV)ject  of  two  or 
three  essays.  You  will  fmd  one  in  the 
twelfth  volume  of  the  Medico-Chintryical 
Trantactiona  qf  London,  and  another  in 
the  fourth  volume  of  the  Dublin  Hospital 
MejfortM,  for  the  fonner  we  are  indebted 


plied  to  the  hairy  scalp.  On  such  occa- 
sions, we  never  have  lai-ge  vesications 
Iiroduced.  In  fact,  they  are  always  mi* 
nute  or  pearl-like,  and  are  uniformly  nap- 
tured  before  they  arnvu  at  the  magnitude 
of  a  small  pea,  owing,  no  doubt,  to  the 
close  adhesion  of  the  cuticle  of  the  scalp, 
to  its  thinness,  and  to  the  number  of  fora- 
mina with  which  it  is  perforated — causes 
precisely  the  sainc  as  those  wiiich  pre- 
vent the  formation  of  large  vesications  on 
mucous  surfiuses. 

I  woidd  not.  Gentlemen,  have  thought 
it  necessary  to  direct  your  attention  so 
l>articu]arly  to  this  point,  w  ere  it  not  to 
correct  the  supposition  that  exists,  that 
large  vesications  are  formed  at  the  n]>))er 
part  of  the  larymc,  in  Uie  cases  to  wluch 
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we  are  anndiiig  $  tb«t  to  tiiose  vesicatkms '  tliat  the  young  creature,  esdiaueted  by  pak 

the  obstructiou  to  resi)iration,  which  cs-  and  cryini^,  sinks  into  slct-p,  and  enjoys 
sentially  constitutes  the  danger,  is  to  be  several  hours  of  apparently  tranquil  re- 
attributed, and  that  they  may  be  broken '  pose,  before  the  urgent  symptoms  com- 
down,  and  the  dangerous  symptoms  re-  j  mence.  The  child  then  awakes,  suddenly, 
moved,  by  the  introduction  and  pressure  with  a  croupy  difficulty  of  Ijrcathing,  and 
of  the  finger.  But  the  obstruction  to  from  this  period  the  disease  makes  rapid 
breathing,  and  consequently  the  danger,  and  fcai*fid  strides.  Respvation  becomes 
do  not  arise  fi  om  the  presence  of  either '  much  obstructed  ;  the  mnsriilnr  organs 
large  or  small  Vesications,  so  much  as  from  I  employed  in  this  function  labour  w  ith 
o^ciiia  or  stlbiDUCOus  elRiaioii,  the  result  great  violence,  and  the  heaving  of  the 
of  the  inflathmatoiy  action  which  quickly  '  chest  and  the  contraction  of  the  abdo- 
sujpervenes/  Of  this  I  am  conviacedfrom  |  roinal  muscles  ore  very  remarkable.  1 


dissection.  In  liict,  when  you  dissect  such  |  liave  seen  the  muscles  exerted  to  such  a 

cases,  you  will  seldom  find  even  ininnte  degree  on  these  occasions,  that  there 
.  vesicles,  but  you  will  uniformly  obscn^e ;  seemed  a  general  convulsive  state  of  the 
the  mucous  membranes  to  whichthe  water '  body,  and,  by  the  act  of  respiration,  a  de- 
may  have  been  applied,  to  be  wrinkled  and '  pression  formed  at  the  root  of  the  neck, 
thickened,  nnd  its  subjacent  cellular  tis-  hnmediately  abo\  e  the  btcrnum,  into  which 
sue  infiltrated  or  oedcniatous.  Remember,  I  could  sink  several  fingers,  and  a  similar 
therefore,  that  the  application  <rf  water  of  i  one,  of  larger  size,  near  the  extremity 
a  high  temperature  to  the  rmicoiis  sur-  of  the  xiphoid  cartilage.  Thi-  fliffictilty 
faces,  causes  minute  veMicatious,  iuflam- !  of  respiration  is  generally  aticudcU  by  a 
matory  action,  and,  subsequently,  sub-  peculiar  noise^wnanating trom  tlie  larynx, 
mucous  cfTusion.  |  and  is  quickly  followed,  if  not  accom pa- 

There  ii  also  au  error  prevailing  with  '  uied,  by  increased  rapidity  of  the  circu- 
respect  to  the  extent  of  surface  injured  on  latioo.  Indeed,  the  pulse  becomes  so 
these  occasions,  against  which  I  wish  to  frequent,  that  it  is  difficnlt  to  coiuit  it. 
guard  you.  It  is  supposed  by  many,  and  When  these  symptoms  have  lasted  for 
naturally  so  on  a  first  view  of  the  matter,  a  period,  sometimes  longer,  sometimes 
that  the  boiling  water  gets  into  the  sto-  I  shorter,  a  new  train  of  phenomena  at* 
mach,  and  that  the  fatal  symptoms  are,  tracts  our  notice.  The  little  sufferer  cither 


at  least  in  part,  a  consequence  of  in  flam 
ination  of  that  organ.  But,  I  have  never 
obscn  ed,  in  those  cases  which  1  have  had 
an  opportunity  of  dissecting,  that  the  in- 
flammation extended  beyond  the  upper 
part  of  the  larynx  and  commencement  of 
the  oesophagus.  Mor  have  we  any  diffi- 
culty in  explaining  this  linitai^on  of  in- 
jury,  when  we  reflect,  that  the  muscles 
of  the  pharynx  as  well  as  the  muscular 
tissue  of  the  oesophagus  are,  most  pro- 
bably, thrown  into  such  a  spasoipdic  State 
by  the  stimulus  of  the  watei-,  as  must  pre- 
vent its  passage  into  the  sLumach.  Hence, 
if  any  vomiting  occurs  in  these  cases,  we 
must  rather  refer  it  to  the  irritation  of  the 
fauce^  and  the  sympathetic  influence  of 
this  on  the  stomach,  than  attempt  to  ex- 
plain it  by  supposing  that  the  stomach  has 
received  any  injury  from  the  direct  appli- 
cation of  the  boiling  water. 

It  is   remarkable   that  the  alarming 


becomes  extremely  restless  j  tosses  and 
tinnbles  about,  gasping  for  breath,  the 
surface  becoming  more  or  Ici-s  p:ilr  and 
cold,  and  the  state  of  restlessness  per- 
sisting untn  death  puts  a  pcnriod  to  its 
agonies^ -or  the  frequency  of  pitlsc  an  ! 
resjjiration  is  soon  followeti  by  such  a  state 
of  insensibility,  as  would  mdnce  ni  to 
concldde  lliat  the  brain  was  wore  or  less 
engaged. 

Now,  the  important  question  is,  What 
are  we  to  do  in  these  cases  ?  What  shoidd 
fbe  our  treatment'  Upon  thia  subject, 
Gentlemen,  I  cau  speak  with  a  greut  deal 
of  satirfaction,  because  I  think  I  can  now 
])oint  out  a  mode  of  treatment  which  will, 
generally  speaking,  be  successful.  You 
are  to  remember,  that  the  principal  sonree 
of  danger  arises  from  the  obstruction  to 
respiration,  in  consequence  of  inflamma- 
tion and  subsequent  snIy-muGous  eflbsion 
in  the  glottis  or  upper  part  of  the  larynx ; 


8)'mptonis  which  follow  this  injury  do  not,  and  if  we  cau  succeed  in  preventing  this 
in  general,  occur  for  a  considerable  time ;  |  effusion,  or  in  causing  its  rapid  absorption, 
that  is,  for  some  hours  after  the  patient ;  we  shall  be  aide  to  secure  life  to  the  indi* 

has  attempted  to  swallow  the  boiling  water,  vidual. 


Tliis  may  be  explained  by  the  fact  which 
I  have  just  mentioned, — the  production  of 
sub-mucous  effusion  hy  the  restdting  in 


Now,  many  of  you  arc  aware  of  the  im- 
portant agency  of  mercury  in  certain  Ibnns 

of  inflammatory  disease  of  the  larynx,  and 


fiaramatory  action.  No  doubt,  consfider-  the  analogy  which  exists  between  these 
able  pain  of  the  lips,  mouth,  and  fhuces.  <  cases  ^scalded  glottis  (for,a8lhaveabov«' 
immediately  succeeds  the  accident;  but, 'hinted,  death  arises  on  the  latter  occa- 
notwithftandins  tbisj  it  generally  happens  jsions  from  the  effects  of  inflammation} 
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LECTURE  XVT. 

ON  THE  OSnSOLOGY  OP  SAURIAN 
REPTILES. 

Thr  saurian  reptiles  have  a  more  liislilv 
developed  and  more  coiupleUi  skeleton 
than  t)ie  scipti  i  .  in  addition  to  the 
parts  of  the  simple  skeleton  of  the  ophidia, 
we  have  here  a  complex  sternum  and 
scapular  apparatus,  a  pelvic  arcb,  toge- 
ther with  atlantal  and  sacral  extremitios 
to  raise  the  serpent's  trunk  above  the 
ground.  This  is  the  group  of  reptiles 
which  t  oniprohcnds  all  the  crocodile  and 
the  lizard  tribes,  which  have  distinct  or- 
gans for  progressive  motion,  and  moveable 
ribs.  In  the  imperfect  development  of  the 
extremities',  and  in  the  movoahle  condition 
of  the  huues  of  the  head  iu  many  uf  the 
lizards,  we  perceive  a  gradual  transition 
from  the  wonn-like  form  of  serpents  to 
the  massive  forms  of  the  loricatcd  or  cro- 
codilian reptiles.  By  the  increased  de-> 
veloprncnt  of  all  the  processes  of  the  ver- 
tebral column,  we  perceive  the  prepara- 
tions for  more  solidity  in  the  articulations 
and  mure  limited  motions  in  that  poitiun 
of  the  frame-work.  The  swimming  mo- 
tions of  aquatic  animals,  jjerforujcd  by 
their  vertebral  column,  nml  the  creeping 
motions  of  serpents,  performed  by  (be 
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ribs,  are  now  to  be  changed  for  motions 
of  wallcing^  running,  cUmblng,  flying,  per* 

foiTncd  by  members  at  a  greater  distance 
from  the  centre  or  axis  of  the  skeleton. 
Tlie  inferior  grade  of  development  is  still 
indicated  by  the  coai-se  fihrotis  texture 
of  the  bones  in  all  the  larger  species  of 
sauna,  recent  and  fossil;  and  tbe  same 
inferiorit}'  is  seen  in  the  large  bones 
of  the  cetaceous  mammalia— from  the 
great  proportion  of  animal  matter  com- 
pared with  the  earthy  materials  of  tbe 
bones.  And  in  most  of  the  long  honpf?  of 
the  extremities  of  reptiles,  the  cancellated 
stroctiire  occnpiei  the  whole  extent,  leav- 
ing no  continuous  cavity  in  the  middle,  as 
we  find  in  mammalia  and  birds.  In  this 
they  present  an  analogy  with  the  embryo 
cartilaginous  condition  of  those  bones  in 
man,  when  there  arc  no  internal  canals 
even  in  tbe  long  bones. 

In  the  verteliral  colimm  of  the  moni- 
tors and  other  lizards,  we  observe  that  the 
ball-and-socket  joint  continues,  as  iu  the 
serpents,  as  in  the  crocodiles,  as  in  the 
chelonians.  A  deep  concave  cnp  is  seen 
ou  the  body  ot  the  vertebra  at  its  anterior 
part ;  the  posterior  part  presents  a  tratis- 
versel)'  el  )n[!;ated  hall.  This  mode  of  ar- 
ticulation passes  down  through  the  sacral 
and  tbrongfa  the  coccygeal  vertebrae.  In 
serpents  we  have  seen  that  there  can  be 
no  sacrum,  for  the  same  reasons  that  there 
can  be  no  sacmro  in  fishes  or  In  cetaceons 
animals,  hut  it  i-i  otlierwise  in  the  animals 
we  are  now  come  to.  This  fixed  condition, 
given  by  the  attachment  of  posterior  ex« 
trcmities,  through  the  niedium  of  a  pelvic 
arch,  produces  a  sncrum,  hut  tiiere  arc  no 
legs  to  fix  by  their  attachment  any  part 
of  the  vertebral  column  of  ser|)eiit3.  Why, 
thci  efore,  should  any  two  of  their  verte- 
bra! i)c  more  limited  in  their  motion,  and 
thus  from  a  sacrum,  than  any  others? 
All  the  vertebra;  from  infancy  admit  of 
the  freest  motion,  and  there  is  no  reason 
why  any  two  sbonld  ancbylose  or  exhibit 
a  more  fixed  condition  than  otliers,  there- 
fore there  can  be  no  sacrum  in  tbe  ser- 
pents ;  but  in  the  saurian  reptiles  there 
are  legs,  whether  employed  to  swim 
Ibrougii  the  water,  or  to  tuppoit  th,t 

3  A 


Digitized  by  Google 


698 


PROFESSOR  GRANT  ON  THE  OSTEOLOGY 


trunk  on  the  dry  land.  In  former  con- 
ilitionft  of  oar  piaaet,  among  the  sauiian 
reptiles,  there  have  heen  speciee  of  gigan- 
tic size,  that  have  swum  through  the  es- 
tuaries nnd  seas  in  our  own  latitudes,  and 
have  left  their  reiuains  iii  thousands  in  the 
old  secondary  lias  formations  of  this  coun- 
try— reptiles  whose  enormous  bones  put 
to  dwarfish  insigniticauce  the  most  stu- 
pendous of  the  gaviols  ever  witnessed  on 
the  banks  of  the  Ganc;cs,  or  the  most 
frightful  crocodiles  that  ever  infested  the 
hanks  of  the  Nile.  Those  have  gamholled 
about  in  our  own  latitudes,  with  })Osterior 
extremities  formed  like  the  arms  of  a  dol- 

Shin,  but  where  there  appears  to  have 
cen  no  fixed  sacrum  lor  their  attach- 
ment. 

^\  c  observe,  however,  that  the  existing 
crocodiles,  the  gavials,  and  other  animals 
of  that  tt  ibe,  which  abound  chiefly  on  the 
hanks  oi  the  great  rivers  and  estuaries, 
Ittve  the  posterior  extremities  attadied  by 
means  of  the  pelvic  arch  to  the  enlarged 
transverse  proces;ie8  of  at  least  two  ver- 
tehne,  and  this  connexion  of  the  posterior 
extremities  in  most  of  the  land  saui  ia 
with  the  vertebral  column  produces  a 
sacrum.  We  find  that  to  be  the  case,  for 
instance,  in  those  lizards,  as  well  as  in  the 
crocodiles,  ami  other  loricatcd  saurian 
reptiles.  That  sacrum  still  cuusiiits,  how- 
ever, of  but  few  vertebrae— generally  two 
— two  vertebrtr  that  are  almost  immovc- 
ably  fixed.  In  this  specimen  of  the  great 
monitor  of  Java,  you  observe,  again,  a 
sacrum  consisting  of  two  vertcbnr,  with 
their  transverse  processes  much  eolargcd, 
and  presenting  a  broad  articular  snrnce 
at  their  terminations.  There  is  a  grada- 
tion then  from  the  frop:.  \Yhir)i  v.e  have 
seen  has  but  one  vertebra  iuiuimg  the 
sacnmii  through  the  saurian  reptiles, 
where  there  are  generally  two,  to  the 
most  complex  form  of  that  bone  in  birds. 

In  the  coccygeal  region  we  observe 
the  great  development  of  inferior  sjii- 
iKms  processes  in  most  of  these  animals, 
and  that  those  elements  are  not  united  by 
anchylosis  to  the  bojiies  of  the  vertebra^.  So 
that  taking  these  vcrtebr£e  in  their  most 
common  form,  wc  have  in  the  saurian 
iqytlles  distinctly  developed  the  trans- 
verse processes  for  mu«rl'^  ■,  the  superior 
lamina?  for  the  spinal  man  ow,  and  the  in- 
ferior lamina;  for  the  continuation  of  the 
aorta,  and  ft'omthat  the  spinous  processes 
are  continued  downward.  Extending  along 
the  ooooygeal  vertebras  of  these  monitors 
and  iguanas,  we  see  both  the  ui)per  and 
inferior  spinous  processes  diminishing; 
the  transverse  processes  we  find  diminish- 
ing  also  until  there  are  left  at  the  extre- 
mity only  lonp^  cylindrical  bodies,  forming 
a  lengthened  tail,  flexible  like  a  whip.  Thiii 


is  important  to  many  of  those  lizards,  for 
like  the  iguana  and  others,  we  find  them 
twining  this  whip-like  extremity  round  die 
branches,  to  give  them  security  in  their 
movements  upon  the  trees.  In  the  iguana 
of  America  we  obser^'e  that  the  tail  is  like 
a  long  cylindrical  whip,  and,  as  is  the  case 
with  very  many  of  these  saurian  reptiles, 
tliey  arc  accustoiued  to  reside  much  upon 
trees.  There  they  encounter  the  numer- 
ous  iiiliabitants  of  trees,  squirrels,  birds, 
bats,  monkies,  and  other  waim-blooded 
animals.  These  more  highly  organised 
residents  of  the  trees  find  their  antagonists 
among  the  cold-blooded  animals  of  the 
present  class,  the  numerous  serpents 
which  lurk  among  the  foliage,  and  the 
active  lizards,  with  their  long  flexible 
fingers,  their  sharp  curved  clawsi,  and  their 
prehensile  tail,  whicii  are  able  to  rim  up 
the  pcqjcudicular  trunks  and  branches,  as 
if  they  were  moving  on  a  horizontal  plane. 

The  articular  processes  of  the  vertetine 
arc  generally  longer  than  in  the  ophidian 
reptUes}  they  are  more  naiTow,  extend 
directly  baclcwards,  and  allow  of  a  more  li- 
luited  motion  between  them  at  each  articu- 
lation. The  bodies  of  the  vertebnc  are  also 
more  lengthened,  which  limits  the  fiexibi* 
lity  of  the  whole  column,  compared  with 
that  of  serpents.    The  most  anomalous 
forms  of  the  bodies  of  the  vertebnc  met 
with  in  the  saurian  reptiles  are  those  of 
the  extinct  ichthynsaHnif;  and  the  gecko, 
where  they  terminate  anteriorly  aud  pos- 
teriorly in  fnnncl-shaped  cavities,  as  in 
fishes  and  aquatic  batrachia.    It  is  inte- 
resting to  observe,  that  in  the  larger  forms 
of  this  order  not  only  do  the  elements 
of  the  cranial  vertebnc  remain  permanently 
detached,  but  also  the  elements  of  suc- 
ceeding vertebr<e  of  the  trunk;  aud  this  we 
see  both  in  the  recent  and  extinct  species; 
the  lamina;  are  connected  only  by  suture 
with  the  body  of  the  vertebra!.  The  i  nferior 
spinous  processes  remain  detached  and 
moveable,  and  are  attached  nearly  at  the 
postei'ior  eqd  of  the  body  of  each  verte- 
bra, so  as  to  appear  as  if  placed  below  the 
intervertebral  s])accs.    In  fishes  these  in- 
ferior spinous  processes  are  formed  by  the 
descent  and  junction  of  the  transveree  pro- 
cesses, and  are  continuous  with  the  body 
of  each  vertebra.    In  the  crocodiles  the 
detached  elements  ore  veiy  conspicuous  in 
the  cervical'vertehrae,  and  the  broad,  de- 
tached, transverse  processes  in  that  region 
form  so  many  ribs  descending  from  the 
sides  of  the  cervical  vertebrst,  and  there- 
by limit  the  lateral  motion  of  the  neck. 
The  anterior  cervical  vertcbrxe  in  the 
•auria,  however,  are  generally  free  from 
ribs,  as  in  higher  classes,  so  as  to  have 
f^reatcr  mobility  in  that  region  of  tl>£i 
colunm,  and  the  number  of  these  ficc  ccr- 
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vleal  vertebne  is  abottt'tlie  same  as  In  the 

tieck  of  niaranialia.  There  are  false  ribs 
anterior  to  those  which  reach  the  sternum, 
as  well  as  behind  them,  as  we  sec  also  in 
birds  and  some  mammalia. 

Although  we  observe  remarkable  dif- 
ferences in  the  skeletons  of  tliia  very  ex- 
tensive order  of  reptiles,  we  can  for  the 
Tnost  part  trace  iti  these  varieties  mere 
gradations  of  the  same  general  plan  of  for- 
mation. From  the  lowest  tribes  upwards 
there  is  a  gradual  consolidation  and  union, 
not  merely  of  the  elements  of  the  several 
bones  with  each  other,  bat  the  aggregate 
liones  formed  by  these  imited  elements 
become  more  and  more  firmly  articulated 
with  each  other,  so  as  to  lead  us  insensibly 
to  the  more  soUd  ticeletons  of  mammalia 
and  birds. 

This  is  nowhere  more  obvious  and  re- 
markable than  in  the  bones  of  the  head. 
In  this  skull  of  the  lizard  of  the  Nile  {la- 
certa  NUotica,  Cuv.)  (CCj  you  at  once 


CC 


perceive  the  detached  and  moveable  and 
serpent-like  condition  of  all  the  bones  of 
the  face,  and  nearly  of  the  whole  head. 
The  occipital  bone  has  its  transversely 
elongated  condyle  composed  cliieny  ui  tlie 
basilar  portion,  which  is  sometimes  in 
these  inferior  ,sv7?/rm  anchylosed  to  the  two 
condyloid  pieces  (CC,  o,  q).  The  squa- 
mous and  toe  mastoid  dements  (CC,  /,  m) 
of  the  temporal  bones  are  here  remarkably 
*  long,  slender,  and  curved,  extending  back- 
wards and  downwards  to  ^e  strong,  short, 
tympanic  element  (CC,  r)  to  which 
the  lower  jaw  is  attached  on  each  side. 
The  two  pai'ietal  bones  ( CC,  n)  arc  here, 
as  in  serpents,  aacSiyloscd  into  a  single 
piece,  and  arc  remarkably  expanded  at 
their  anterior  margin  to  give  a  broad  s\ir- 
fiu»  for  the  articulation  of  the  two  elon- 
gated middle  frontal  bones  (CC,  c  c).  The 
posterior  frontals  (CC,  t)  are  very  small, 
and  form  the  posterior  and  upper  bound- 
ary of  the  large  bird-like  orbits.  The 
squamous  portion  {CC,  p)  of  the  temporal 
bone  is  here  the  largest  and  strongest  ele- 
ment of  that  bone,  extending  forwards  to 
the  sphenoid  (CC,*),  and  backwards  to  the 
slender  squamous  (CC,  /)  and  mastoid 
CCt  m)  portions.  The  lachrymal  bones 
CC,  f)  -extend  less  over  iho  face 


I  than  in  these  serpents,  and  the  two 

'divisions  of  the  nppcr  jaw  fCC,  d)  arc 
larger  and  more  fi.\ed  than  in  serpents. 
The  anterior  frontals  (CC,  ♦?)  have  a 
more  lengthened  form,  and  extend  more 
\  downwards  over  the  face,  than  in  the 
former  order.  Tlic  two  Tiarrow  length- 
ened nasal  bones  (CC,  ii]  are  anchylosed 
into  a  single  piece,  and  the  same  is  tiic 
case  with  the  two  intermaxillary  bones 
{CCy  a),  which  expand  lateraUy,  and  form 
the  whole  anterior  boundary  of  the  muz- 
zle, containing  numerous  small  teeth. 
The  inferior  turbinated  bones,  here  widely 
exposed  between  the  upjjer  jaw-bones,  in 
consequence  of  the  small  size  of  the  nasal 
bones,  present  a  great  surface  for  the  first 
pair,  or  olfoctory  nerves.  The  palatine 
bones  are  less  moveable  than  in  sei-pents, 
and  destitute  of  teeth,  so  that  the  distri- 
bution of  the  teeth  is  becoming  more  li- 
mited as  wo  ascend  to  ]n'(;her  forms  of 
vertebrata.  The  pterygoid  bones  (C,C  v) 
are  more  strong,  and  extend  backwards,  aa 
in  serpents,  to  the  articulation  of  the  t\-m« 
panic  bone  with  the  lower  jaw.  The 
lower  jaw  is  divided  at  the  sjinphysis,  and 
consists  on  each  side  of  six  pieces,  of  which, 
the  anterior  or  dental  portion  is  the  larg- 
est, and  the  teeth  are  as  loosely  attached 
by  their  expanded  base  to  the  alveolar 
flat  surface  of  the  jaw  as  in  serpents. 

The  general  physical  characters  of  the 
teeth  are  interesting,  particularly  in  many 
of  the  saurian  animals  I  am  now  consi- 
dering. Their  osseous  substance  and  their 
enamel  are  softer  than  those  of  mamma- 
lia. The  euamclled  teeth  of  carnivorous 
quadnipeds  have  the  greatest  density,  liotli 
in  their  thick  enamelled  surface,  and  in 
the  osseous  substance  of  their  interior,  so 
that  if  you  take  the  sharpest  steel  instru- 
ment, and  draw  it  over  the  surface  of  the 
osseous  part  of  the  teeth  beneath  the  gum, 
you  will  make  a  very  slight  ,:;roove,  like  a 
mere  scratch,  upon  the  osseous  substance  ; 
but  when  you  come  to  the  enamel,  you 
might  as  well  press  the  instrument  on  a  dia- 
mond ;  it  slides  over  the  surface,  leaving  a 
dark  metallic  mark  of  the  hard  steel  upon 
the  enamel,  but  makes  no  impression  or 
gi'oove.  When  yon  try  this  upon  some 
teeth  that  to  the  naked  eye  appear  as  if 
they  were  all  surrounded  with  enamel,  aa 
the  canine  teeth  of  the  hippopotainus,  you 
will  find  the  knife  scratch  the  teeth  on  the 
concave  inner  side,  where  there  is  no 
enamel,  but  that  when  you  come  to  the 
outer  convex  part,  where  the  enamel  is 
placed,  the  instrument  slides  over  and 
leaves  no  mark.  The  importance  of  this 
to  geologists  is  well  understood  by  those 
who  have  directed  their  attention  to 
it;  but  what  interests  us  now  is,  that 
both  the  enamel  and  the  osseous  suhr 
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stance  of  tlie  teeth  diminish  in  density 

as  you  go  down  the  scale.  This  is  a 
curious  £&ct,  for  when  you  try  the  cro- 
codile's teeth,  which  yon  know  are  co- 
vered with  enamel,  yon  find  tlu  ir  enam- 
elled surface  actually  yield  like  the  inter- 
nal osseous  substance  of  the  teeth  of  the 
quadrupeds;  yet the^  exhibit cotutdenble 
density  compared  with  the  coarse  bones 
of  the  skeletuu. 
The  teeth  of  the  cmcodiley  are  hoUow 


parts,  and  that  the  motion  of  these  iili- 

mals  in  the  living  state  must  depend 
chielly  upon  the  lateral  movements  of 
their  fish-like  pcrpondicnlar  tail.  And, 

in-lecd,  so  it  is  in  their  living  state,  as 
we  do  not  find  thom  ruiming  like  lizards 
up  the  trunks  or  along  Ihe  branches  of 
traM,  but  lurking  among  the  trunks  of 
trees  and  wood  that  have  been  washed 
down  by  the  inundations  of  great  rivers, 
and  strewed  over  the  banks  of  rivers  and 


cones,  striated  longitudinally,  and  open  estuaries.  They  lurk  in  concealment  for 
at  their  lixed  base.  The  new  t&eth  are  '  their  prey,  which  they  drag  instantly  into 
seen  in  the  young  crocodiles  beneath  and  |  the  water,  and  then  commence  all  their 
■within  the  old  teeth,  pn  hing  them  out ;  active  and  vigoroTr- nun  cmcnts.  For  tbose 
from  their  alveoli  to  occupy  their  place,  kind  of  moveiucuta,  therefore,  great  so- 
Frmn  the  glistening  exterior  and  compact  j  lidity  in  all  parts  of  the  head  is  required, 
appearance  of  these  teeth,  you  would  not '  to  hold  their  \  ictiin  firmly,  and  to  resist 
expect  them  to  yield  so  readily  to  the  i  the  violent  efforts  which  it  makes  to 
knife.  This  is  the  case  also  with  the !  escape.  Great  strength  of  the  neck  is 
teeth  of  serpents.  There  is  but  little,  com- '  required*  and  we  find  that  given  by  the 
paratively,  of  the  enamel  disposed  upon '  shortness  of  the  neck,  and  by  the  extcn. 


the  teeth  of  serpcuts.  In  amphibious  ani- 
mals and  in  fishes,  seldom  do  we  find  a 

trace  of  enamel;  and  the  osseous  texture 
composing  generally  the  whole  of  the  teeth 
of  fishes,  is  remaricahle  for  its  softness. 

Were  you  not  aware  of  the  circumstance, 


sion  of  the  %"ery  large  transverse  processes 
of  the  cervical  vertebrae.  The  strength  of 
the  head  is  chieHy  given  by  the  jutK*t;on, 
through  the  medium  of  sutures,  of  all  the 
elements  that  enter  into  the  composition 
of  the  hones  of  the  head.    Their  cranial 


that  there  are  classes  of  animals  in  which  .  bones  are  all  fixed,  as  in  quadrupedsr  and 
the  teeth  are  chiefly  composed  of  osseous  j  do  not  play  upon  each  oth&e  as  we  see  in 
substance,  it  would  perplex  yoa  to  see  the .  the  rooniton^  lizards,  and  many  inferior 

osseous  raarg:in  of  the  jaws  presenting  a! animals. 

serrated  appearance.  You  would  be  per-  [  The  vertebral  column  of  the  crocodiles, 
plezedhow  to  account  for  the  bones  (tf  the :  the  gavials,  and  tiie  alligators,— that  little 
jaws  presenting  that  unusual  appearance,  family  composing  the  lorlcated  saunan 


But  we  frequently  find  in  fishes  these  os- 
seous teeth  anchylosed  to  the  substance  of 
the  jaws  which  support  them,  so  as  to 
leave  no  distinction  between  the  teeth  and 
the  bone  of  the  jaws.  The  appUcation  of 
these  facts  re5.farding  the  teeth,  is  some 


reptiles, — those  that  are  loricated,  or  have 
their  coat  of  mail  which  you  see  covering 
the  gavial  1  hold  in  my  hand,  composed 
of  large  solid  scales  placed  across  the 
back ;  these  have  the  bodies  of  the  verte- 
bra' very  lon^,  and  all  their  processes 


times  ofpractlciU  utility  to  the  geologist,  largely  developed,  and  terminated  at  the 


"We  observe,  also,  that  teeth,  even  of  the 
hardest  texture  originally,  both  in  their 

osseous  substance  and  enamel,  become 
softer  by  remaining  long  exposed  in  the 
earth,  without  our  perceiving  any  diminu- 
tion of  the  glistening  lustre  of  their  sur- 
face. The  anchylosis  ol  the  teeth  to  the 
jaw-bones  in  many  fishes,  gives  them  a 
fixed  and  solid  character  in  the  adult  ani- 
mal, which  they  had  not  in  their  younger 
growing  condition. 

Tliere  are  numerous  intermediate  stages 
between  the  loose  condition  of  the  bones 
of  the  head  we  have  seen  in  the  lizards, 
and  that  remarkable  fixed  state  <rf  all  the 
cephalic  hones  we  see  in  these  crocodiles 


posterior  part  of  the  body  of  each  verte- 
bra, with  a  round  convex  prominence* 

v.)iiol)  is  received  into  a  cup-like  cavity 
at  itie  upper  |>.ai  ui"  the  next  succeeding 
vertebra  behind.  It  is  remarkable  to  ob- 
serve in  the  skeletons  of  tlicse  lar^uro  ■';in- 
rian  reptiles,  the  complete  and  permanent 
detachment  of  the  elements  of  many  of 
the  vertehric,  and  that  particularly  in  the 
region  of  the  neck,  so  that  the  cervical 
ribs  of  the  crocodile  are  only  detached 
transverse  processes,  and  the  superior  la- 
mina; of  these  cervical  vertebrae  are  also 
joined  permanently  by  suture,  the  spinous 
processes  remaining  thus  permanently 
detached.    In  those  reptiles  the  spinous 


tiie  fixed  condition  of  the  skeleton,  we  ob- 
serve in  many  other  parts  besides  the 


gavials,  and  alligators.    This  tendency  to  processes  are  long  and  strong;  the  trau%i 

verse  processes  are  also  broad  and  thick 
and  strong.  In  the  region  of  the  neck 
head  j  we  see  it  in  the  neck,  the  scapular  |  you  observe  how  bro<ul  the  transverse 
apparatus,  the  pelvis,  the  trunk.  Their  processes  are  in  the  skeleton  of  the  Indian 
outward  f-rm  shows  how  comparati\ely  ^'avi.-^l,  and  you  observe  the  perforation 

little  jautigu  id  admitted  vf  la  all  those! for  the  Yi;r(«l>fal  utery,  h^ey  of  great 


Digitized  by  Google 


OF  THE  SAURIAN  REPTILES 


7n 


length  and  breadth.  But  large  as  these 
vertebrae  are,  you  observe  how  small  the 
fimunen  la  for  the  passage  of  the  spinal 
marrow.  In  this  skeleton  of  an  Indian 
gavial,  more  than  fifteen  feet  in  length, 
the  spinal  canal  will  not  admit  my  little- 
finger  to  pass  through  the  foramen  of  a 
dorsal  vertebra. 

Notwithstanding  the  solidity  in  all  parts 
of  the  liLad  of  the  crocodiles,  upon  looking 
attentively  at  the  surface  of  this  skidl 
of  the  crocodile  .of  the  Kile  \J)£))i  we 


see  distinctly  that  the  elements  of  the 

dilTerent  bones  liave  still  reniaiiu"!  de- 
tached, that  they  have  met  in  tlic  pro- 
gress of  their  ossification,  and  that  they 
have  united  only  by  sutures;  so  that  we 
have,  around  the  occipital  foramen,  the 
basilar  bone,  with  its  round  prominent 
condyle  detached  from  the  two  condy- 
loid bones,  and  the  two  lateral  extended 
condyloid  bones  detached  from  the  supe- 
rior very  small  median  portion  of  the  oc- 
cipital bone, — the  four  elements  existiiii,' 
in  the  human  occipital  bone.  The  parie- 
tal bones  {DD,  7n),  here  remarlcably  small, 
have  anchylosed  above,  as  we  see  in  most 
other  reptiles.  We  saw  that  in  serpents  and 
in  lizards.  They  form,  therefore,  a  solid 
srch  over  the  part  of  the  nervous  system 
enclosed  within  this  remarkably  small 
cranium.  The  temporal  bone  has  its  nu- 
merous parts  pcrmanentiy  detached,  and 
fixed  together  by  sutures.  One  of  those 
parts  is  interesting ;  it  is  the  tympanic 
element  or  bone, — that  bone  which  we  saw 
already  forming  the  os  quadratnm,  move- 
able in  fishes,  moveable  in  the  amphibia 
In  serpents  and  in  lizards  ;  bnt  here  it  is 
fixed,  it  is  immoveably  fixed,  to  the  squa- 
mous portion  and  to  the  other  bones  of 
the  head.  It  shoots  down  to  a  considcr- 
able  extent,  and  terminates  in  a  convex 
prominence  or  articular  condyle,  which 
is  received  into  a  corresponding  articular 
groove  in  the  lower  jaw,  as  we  see  also  in 
the  chelonia.  We  observe  that  the  malar 
bones  are  of  jgreatsize  and  extent,  forming 
the  whole  inferior  and  outer  margin  of  the 
orbit.  Passing  inwards  from  the  anterior 
termination  of  the  malar  bones,  we  come 
to  two  bones  that  are  perforated  within 
the  orbit  by  the  canal  for  the  lachrymal 
duct;  consequently  wc  perceive  these 
must  by  the  lachrymal  boues  exteudiug 


'  alonj  the  face ;  but  within  thoSc  two  la- 
chrymal liones  towards  the  median  plain, 
we  come  to  two  others,  one  on  each  side, 
that  are  also  detached  by  sutures ;  these  aro 
the  two  anterior  frontal  bones ;  and,  be* 
tween  those  and  behind  thcui,  the  hugO 
middle  frontal  bones,  anchylosed,  and 
fonning  a  large  undivided  median  bond. 
The  broad  anterior  and  lateral  part  of  th6 
muzKle  is  composed  in  the  crocodile 
chiefly  of  the  large  superior  jaw-bones 
(£)/>,  b) ;  between  those  two  bones,  and 
extending  throughout  their  whole  length, 
we  perceive  the  two  long  narrow  viasal 
bones,  covering  a  nasal  cavity  which  ex- 
tends to  the  occipital  bone.  The  whole 
of  that  expanded  round  termination  of  tha 
muzzle,  is  formed  by  two  large  intermax* 
illary  bones,  which  have  a  wide  nasal 
aperture  between  them.  The  sphenoid 
bone  is  remarkable  here  for  its  extent, 
and  its  development  transversely.  ItL 
fishes  we  saw  that  that  bone  was  remark' 
aMi^  for  its  evtoiit  forwards,  as  it  is  also  in. 
the  amphibia ;  but  we  are  now  rising  in  the 
scale,  and  making  a  nearer  apprradi  in 
the  forms  of  bones  to  the  condition  of 
mammalia. 

Tlierc  arc  many  curious  analogies  be* 
tween  these  saurian  reptiles,  the  most 
perfect  of  them,  and  the  cetaceous  or 
aquatic  mammalia i  so  great,  indeed,  that 
one  would  seek  for  thefar  origin,  and  the 
natural  chain  of  developments,  running 
through  the  extinct  saurian  reptiles  to 
the  cetaceous  animals,  to  which  they  had 
many  singular  affinities.  The  lart^^e  and 
long  palatine  bones  support  the  median 
and  posterior  parts  of  the  two  superior 
maxillary  bones.  You  wiU  observe  that 
the  margin  of  the  superior  maxillary  bones 
and  tl»e  intermaxillary  bon(;s  are  pene- 
trated by  deep  alveoli,  that  lodge  teeth 
which  have  lengthened  hollow  fangs,  and 
give  all  that  fixed  condition  to  the  tectU 
of  the  crocodilida  which  we  find  in  the 
jaws  of  the  mammalia.  T^o^e  teeth  sufier 
often  great  stress  from  the  vigorous  re- 
sistance made  by  the  larger  quadrupeds, 
when  struggling  with  the  crocodiles  umU  i- 
water.  Crocodiles  use  the  teeth  not  for 
mastication,  but  to  hold  the  victim  with, 
till  it  is  suffocated,  under  water.  Both 
must  breathe  atmospheric  air,  but  the  cro- 
codile has  greatly  the  advantage,  for  that 
mixed  condition  of  the  blood  which  circu- 
lates through  its  system,  and  the  commu- 
nication between  the  two  sides  of  the 
heart,  require  not  the  quick  succession  of 
the  ac  ts  of  respiration  whieh  ;ire  neces- 
saiy  where  the  heart  is  couipictely  di- 
vided, and  where  the  whole  of  the  blood 
must  pass  rapidly  through  the  respiratory 
organs.  That  is  not  the  case  with  any 
animals  we  have  yet  considered*  Their 
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venous  and  arterial  blood  are  partially 
mingled  together,  and  pass  on  through  the 
circulating  system,  often  while  the  lungs 
are  not  exerted. 

In  the  osteology  of  the  head  of  the  In- 
dian gavial,  we  observe  some  slight  difler- 
ences,  which  give  rise  to  remarkable  dis- 
tinctions in  the  outward  forms  of  the  head. 
Geuerallyi  the  disposition  and  number  of 
the  bones  of  the  skull  are  the  same ;  the 
(lifTerciiccs  of  form  affect  mostly  fhe  bones 
of  the  face.  In  the  head  of  the  Gangctic 
gavial,  we  observe  that  the  upper  jaw  is 
composed  throughout  the  greater  part  of 
its  extent  of  the  two  upper  jaw-bones 
alone,  without  the  intervention  of  the  na- 
sal bones.  The  extremity  of  the  miizsle, 
which  is  dilated  and  ronnd,  is  composed 
entirely  of  the  two  intermaxillary  bones ; 
and  yte  do  not  find  a  trace  of  the  nasal 
boncp,  nntil  we  have  passed  upwards  from 
the  iatermaxillarics,  for  more  than  half  the 
extent  towards  the  frontal  bone.  We  come 
upwards  to  the  extremities  of  the  two  na- 
sal hones,  tapering  to  fine  points,  and 
thrust  narrowly  downwaids  between  the 
two  superior  jaw-hones. 

Now,  when  you  reflect  upon  this  cir- 
cumstance, you  can  deduce  from  it  an 
illuatration  of  a  general  principle^  that 
where  it  is  necessary  to  give  great  so- 
lidity and  strength  to' a  part  composed 
of  solid  bones,  the  fewer  sutnres  that  are 
admittCil  tlie;  hotter.  Were  tlic  nasal  hones 
of  the  narrow-niuzzlcd  Indian  gavial  to 
shoot  down  along  the  whole  length  of  the 
8uj)crior  maxillaries,  as  you  see  in  the  cro- 
cndih',  this  very  lengthened  and  narrow 
niuzzie  would  be  actually  composed  of 
slender  strips  of  bone.  There  wmdd  be 
no  less  than  three  distinct  sutures  tr»> 


versing  the  whole  narrow  face  longitudi- 
nally above,  whereas  there  is  but  one  su- 
ture, by  the  two  nasal  bones  being  con- 
fined entirely  to  the  upper  enlarged  part 
of  the  face,  at  the  base  of  the  long  muzzle. 
The  crocodiles  are  like  the  sharks  among 
the  fishes,  with  an  endless  supply  of  teetiii 
but  in  the  crocodilc«!  they  are  hollow  cones 
which  enclose  each  other,  while  in  the 
shailcs  they  are  thin  and  solid-like  laiioel% 
and  placed  in  contact  behind  each  other. 

There  are  scarcely  any  parte  <rf  tiM 
skeletons  of  the  saurian  reptiles  more  va- 
rious in  form  than  the  scapular  and  sterual 
apparatus,  which  are  to  intimatdy  con- 
nected with  the  various  ■[i5?cs  to  which  the 
arms  are  applied  in  the  living  state.  These 
parts  are  more  subdivided  and  complex  in 
ihc  inferior  lizard  tribes  than  in  the  quad- 
ruped forms  of  the  larger  sauria.  The 
posterior  portion,  or  dorsal  part,  of  the 
scapular  bones,  is,  in  the  lizards,  generally 
very  broad,  thin,  flrxihlc,  and  semicarti- 
lagiuous,  as  we  already  saw  it  in  inferior 
classes.  The  osseous  part  of  the  scapular 
bone,  which  reaches  to  the  glenoid  mvlty 
for  the  head  of  the  humerus,  is  strong, 
thick,  and  broad,  and  Is  tmited  only  by 
cartilage  to  the  very  broad,  thin,  expand- 
ed, coracoid  bone,  which  passes  down  to 
the  middle  piece  of  the  steranm.  The 
acromion  process  is  also  detached  and 
lengthened.  The  clavicles  are  prenerally 
united  as  in  birds,  and  very  sl&uder 
bones. 

In  the  skdeton  of  the  Nilotic  crocodile 
( you  perceive  that  the  whole  of  tbig 
apparatus  haa  a  more  simple  and  more 
consolidated  form.  The  two  scapular 
hones  {EM,  a)  are  move  lengthened  and 


EE 


narrow,  their  posterior  cartilaginous  por- 
tion is  smaller,  r.nd  the  coracoid  bones 
have  the  same  lengthened,  narrow,  and 
compressed  form  to  their  junction  with 
the  sternum.  The  nii(!dle  portion  of  the 
sternum  extends  fai-  forward  upon  the  neck, 
beyond  the  other  elements  of  that  bone. 

There  are  two  pairs  of  false  ril)s  before, 
and  two  pair.s  behind  the  true  ribs  in  the 
crocodite  (EE,  t/).  The  true  ribs  are  at- 
tached securely  by  a  double  bead  to  the 
notched  extremities  of  the  long  transverse 
processes  of  the  dortial  vertebrae.   We  have. 


mm  come  to  animals  where  we  have  ell 

the  kinds  of  vertebnc  met  with  in  the 
most  perfect  of  the  mammalia;  cranial, 
cerviod,  dorsal,  lumbar,  sacral,  and  coccy- 
geal vertebrae.  The  true  ribs  approach  to 
those  of  birds  in  havini?  their  ventral  ex- 
tremities attaclied  by  cartilage  to  soUd  os- 
sified sternal  ribs  {EE,  q)  extending  from 
the  sides  of  the  sternum. 

On  the  anterior  part  of  the  abdomen  of 
the  crocodile  we  obserye  transwrse  cesi* 
fied  i)arts,  extending  forwards  aTul  im^-^irr^^ 
to  meet  on  the  mediaa  plaa^  liice  abdouu- 
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Hal  rilM;  tbMe  thin  transverse  otsiiied 

pieces  have  an  analogy  in  nature  and  po- 
sition with  the  tendinons  intersections  of 
the  reefi-abdondnU  mtisctes.  Tlieie  recti* 
abdominis  muscles  of  the  human  body,  as 
yoa  well  know,  are  not  coutiauous  muscles 
from  their  tipper  to  their  lower  extremi- 
ties, but  arc  divided  by  tendinous  intersec- 
tions, which  tendinous  parts  in  muscles 
ve  find  frequently  to  become  the  seat  of 
OSsiflc  depositions — to  become  ossified  solid 
bones.  We  find  that  the  tendons  of  muscles 
much* exerted  as  here,  arc  particularly 
liable  to  ossification,  especially  in  animals 
where  the  ossification  has  arriveil  at  its 
maximum  of  development.  The  tendons 
of  the  legs  in  the  wading  birds,  and  in 
many  of  the  gallinaceous  birds,  N\e  find 
commonly  converted  into  solid  bones.  That 
is  an  illustration  from  another  ipKtt  of 
what  we  see  here  in  the  course  of  these 
powerful  miisrle«  of  the  crocodiles.  Car- 
tilaginous substances  you  might  indeed 
ex])ect  to  become  frequently  ossified  in 
animals,  because  all  bones  were  cartilagi- 
nous before  they  were  convtrted  into 
bones ;  so  that  it  is  nothing  remarkable  to 
find  that  if  a  qnadruped  shall  require  to 
exert  great  pressure  upon  the  cartilaginous 
septum  of  the  nose,  it  should  have  that 
part  ossified.  It  ought  to  have  it  ossified, 
und  it  has  it  so.  We  urc  not  then  to  look 
for  something  extraordinary  in  the  nose  of 
a  hog  because  it  has  a  hone  at  the  end  of 
the  cartilaginous  septum,  as  if  it  had  some 
part  there— an  element  of  the  skeleton — 
diflnerent  to  what  exiitt  in  the  human 
Ikce. 

These  are  cautions  teaching  us  to  seek 
ibr  the  common  dements  of  structures, 

and  to  watch  the  operations  of  nature  in 
varying  the  formation  of  parts  before  we 
immediately  thrust  in  new  elements  of 
Btructnre  for  a  special  purpose  belonging 
to  a  particular  animal.  The  difticidty 
that  is  created  by  that  is  not  at  firt;t 
thought  of.  The  difficulty  that  results,  for 
instance,  froTn  assigning  to  the  side  of  the 
head  of  fishes,  opercular  bones,  as  bones 
which  do  not'exut  in  any  form  in  man,  is 
Tiianifested  by  ascending bigbcr  and  higher 
in  the  continuous  scries  of  vei-tebrated 
animals.  What  has  hecome  of  the  hones  ? 
Ifthcy  be  confined  within  the  tympanic  ca- 
vity or  anchylosedto  the  angle  of  the  lower 
jaw  in  man,  they  were  not  formed  solely 
for  the  fishes,  hut  still  exist  luuler  another 
fcnn  in  the  human  skeleton.  So  in  every 
other  case  where  we  imagine  that  we  have 
got  elements  that  do  not  exist  in  other 


starts  from  one  form  'to  another,  10  you 
might  at  first  imagine  that  the  solid  os- 
seous shell  which  covers  the  whole  abdo- 
minal surface  of  the  tortoiseandthe  turtle 
was  something  that  did  not  exist  in  the 
human  liody.  So,  again,  the  laige  upper 
convex  shidd  or  carapax,  so  solM  that  it 
covers  the  whole  animal  above ;  we  might 
imagine  there  was  something  there  dif- 
ferent from  what  exists  in  the  human 
skeleton.  These  parts,  however,  we  shall 
see  presently  are  common  to  man  with 
most  other  vertcbrated  aninials. 

The  crocodiles  require  the  muscular 
apparatus  to  be  vigorous  lu  the  region  of 
the  abdomen,  for  the  violent  struggles 
which  they  have  to  sustain  underwater  in 
obtaining:  tbcir  food  ;  and  they  require  to 
have  a  solid  attachment  for  the  muscles  at 
the  base  of  the  enormous  perpendicular  tail, 
a  s  \v  r  1 1  a  s  for  the  cxtrem  i  t  i  e  s  for  progressive 
motion  through  the  liquid  clement.  Gkof- 
FROY  Saint-Hii  AiKK  conccivcd, howcvcr, 
that  the  ribs  which  extend  across  the 
:ib'?omen  might  be  subservient  to  the 
same  purpose  to  which  the  ribs  at  the 
anterior  part  of  the  tnmk  are  chiefly  ap' 
plied;  that  they  might  be  useful  in  the  act 
of  respiration ;  and  in  observing  that  the 
crocodiles,  although  timid  and  sluggish 
animals  on  land,  display  the  most  vigor- 
ous and  lively  muscular  actions  when  they 
are  in  their  natural  element,  the  water,— 
and  that  in  struggling  with  their  victim 
they  require  to  remain  a  long  time  under 
the  BUiiace  of  the  water, — he  conceived 
that  as  they  possess  two  openings 
leading  from  the  cloaca  into  the  cavity  of 
the  peritoneum,  one  upon  each  side  of 
the  cloaca,  as  yon  see  at  the  sides  of  the 
anus  in  cartilaginous  fishes,  that  those 
openings  very  possibly  admitted  water 
into  the  cavity  of  the  pwltoneum,  and  that 
the  animals  might  draw  water  through 
the  cloaca,  and  convey  it  into  the  cavity 
of  the  abdomen  for  the  purpose  of  respir- 
ing that  liquid  element  while  they  were 
struggling  under  water  with  their  prey, 
and  that  in  that  aquatic  respiration,  this 
abdominal  oasifledpart  might  be  employed. 
This  view  was  conceived  to  be  further 
supported  by  observing  that  there  was  an 
animal  helonging  to  the  class  echino- 
derma  —  the  animal  called  Jtotothnria  — 
which  draws  in  water  through  the  anus 
and  doaca  for  respiration,  and  conveys  it 
through  beautiful,  ramified,  respirator}' 
branchifc  that  extend  upwai'ds  from  the 
cloaca  through  its  abdominal  cavity.  This 
theory  of  the  function  of  the  abdominal 


animals,  but  only  in  the  j)articular  species '  ribs  is  not  su]T])orte(l,  however,  by  any 


wc  are  examining,  as  we  sec  that  through- 
out the  whole  of  nature's  organic  produc- 
tions she  i.s  constantly  passing  by  imper 


direct  observations  ou  the  power  which 
the  crocodiles  have  of  drawing  in  wata> 

through  these  apertures  leading  from  the 


veptiUe  grad«tiwia>  and  nerer  by  sudden  1  cloaca  into  the  cavity  of  the  peritoneum 
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I  have  examined  these  peritoneal  open- 
ings in  this  young  gavial  which  is  now 
before  yoa,  and  also  in  these  two  young 
alligators,  and  I  have  repeatedly  shown  in 
my  class  that  these  apertures  terminate  in 
the  young  animals  at  the  extremities  of 
lengthened  papilla?,  projecting  downwards 
into  the  cloaca;  that  iu  these  animals, 
which  are  more  than  two  feet  in  length,  so 
small  are  the  two  apertures  that  they 
scarcely  would  admit  a  small  pin  to  pass 
through  them;  that  the  paiiilla;  project 
downwards  from  the  cuds  of  two  tmiiiel- 
vhaped  prolonijations  of  the  cavity  of  the 
peritoneum,  so  that  when  wc  direct  the 


cavity  for  the  head  of  the  femur,  and  are 
united  together  in  front  hy  a  broad  sym- 
pliysis.  The  two  ossa  iRchii  also  meet  in 
front,  and  unite  together  hy  two  l)road 
margins,  and  they  unite  with  the  pubic 
bones  in  front,  so  as  to  leave  two  large 
foraninm  between  them. 

Tbeatlantalaud  sacral  extremities  being 
the  parts  of  the  skeleton  most  remote  from 
its  axis  or  central  column,  are  the  parts 
which  in  all  vertebrata  are  liable  to  the 
greatest  modifications  of  form,  and  in  the 
saurian  lui'iilcs  they  present  endless  va- 
rieties of  structure,  dependent  on  the  dif- 
ferent niodes  of  progression  of  the  species. 


air  from  the  blow-pipe  downwards  from  whether  of  walking  on  a  horizontal  plane, 


the  abdouiinal  cavity  into  the  cavity  of 
the  cloaca,  it  passes  outwards  through  the 
two  very  minute  projecting  papilln;  hot 
wlicii  an  attempt  is  made  to  blow  the  air 
upwards  from  the  cloaca,  as  water  would 
11888  in  rcsi)i ration,  it  iromcflUtely  com- 
presses the  ]).ipillic  and  closes  up  the  ter- 
mination of  the  apertures.  1  have  not 
examined  these  ai)erturcs  in  the  adult  ani- 
nials,  but  from  w  hat  I  have  teen  in  the 
young  animals,  they  appear  to  me  to  he 
incapable  of  allowing  a  free  ingress  of 
water  for  respiration  in  the  young  state. 
Tlicsc  oiKMiini!;^  niny  he  connected  with 
the  secretions  of  the  abdominal  cavity  in 
these  truly  aquatic  species  of  saurian  rep* 
tihs. 


or  clitnhingontrecsor  rocks,  or  sw  iuiniing 
suspended  in  a  liquid  element.  The  tail 
of  the  loricated  or  croco<lilian  reptfles  is 

formed  for  horizontal  motion  through  the 
water,  and  the  feet  arc  constructed  both 
for  walking  on  the  soft  mnddy  banks  and 

for  swimming  in  the  water.  The  articu- 
lations of  the  extremities  are  less  secure 
than  in  animals  residing  constantly  on 
land.  The  humerus  [EE,  b)  and  the 
ftmiir  {EE,  k)  are  both  curved  in  the  di- 
rections bcrjt  calculajcd  to  give  eflcct  and 
strength  to  their  various  movements.  The 
raflins  {EE,  cl  an<l  tlic  idiin  'EE,  d),  as 
well  as  tlie  iiiia  (EE,  I)  and  the  Jil/ula 
{EE,  m),  are  hero  strong  bones,  free  to 
their  extremities,  leaving  a  large  inter- 


In  the  crocodiles,  we  observe  that  the ;  osseous  space,  and  att'ording  a  broad  and 
pelvis  has  its  three  bones  detached  and  secure  articulation  at  the  carjnu  {EE,  e) 
more  moveable  upon  each  other  than  in  [  and  the  tarsus  (EE,  u).  The  bones  of 
roost  other  saurians.  The  two  expanded  the  metacarpus  {EE,  f)  and  metatarsus 
short  iliac  bones  {EE,  g)  are  firmly  united  {EE,  o),  and  the  phalanges  of  the  hands 

and  feet,  are  long,  and  strongly  articulated 


to  the  two  broad  vertebrsc  of  the  sacrum. 
The  two  ossa  ischii  {EE,  h)  meet  in  front 
Hud  ex]>and  like  the  pubic  bones.  Above 
those  we  observe  the  two  comparatively 
pubic  bones  (/i'^J,  »)  riiiiig  oljliquely, 
and  meeting  also  by  two  expanded  sur- 
ftoes,  which  remain  detached.  These  pnbic 
bones  scarcely  a])proach  the  margin  of  the 
cotyloid  cavity,  and  rest  on  a  prominent 
ramus  of  the  ischium. 

In  most  of  the  lacertinc  sauria,  as  you 
see  in  this  large  monitor  of  Java,  the  iliac 
hones  are  extended  much  backwards,  and 
lixed  to  the  enlarged  transverse  processes 
of  two  sacral  vertebrae.  The  ])ubic  1)oik's 
p^  taka  iu  the  formation  of  the  cotyloid 


at  both  ends,  for  their  double  use,  on  laud 

and  in  the  water. 

There  ar  cmany  interesting  pet  idiarities 
to  he  met  with  in  the  dilVen  nt  forms  of 
the  skeleton  iu  the  existing  species  of  this 
very  extensive  order  of  reptiles;  hat  the 
most  anomalous  and  remarkable  ibnns  are 
those  which  are  presented  to  us  in  tlie 
ancient  strata  of  the  earth,— the  secondary 
rocks,  especially  the  lias  limestone,  which 
al)ound  with  the  remains  of  extraordinary 
and  gigantic  samian  reptiles,  which  have 
swarmed  in  our  ancient  seas  and  estuaries. 
We  there  observe  aquatic  saui  ian  auiuiiils, 
as  the  ichthyosaurus  iFFj,  and  the  plc- 


FF 


siosaurus,  presenting  arms  and  legs  con- 
structed upoB  the  plan  of  the  armsj  of  ce- 


taceous animals.  We  observe  them  to 
have  had  the  head  like  that  of  a  crocodile^ 
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as  regards  fhe  tarn  of  the  dcutt  and  jmva 

and  teeth. 

In  the  ichthyosaurus  now  before  you, 
you  observe  thert  are  lammwof  bone  sur- 
VDuuding  the  trannpareut  cornea,  as  in  the 
eye  of  a  tortoise,  m  in  the  eye  of  an  Ainc- 
rican  iijttanay  as  in  the  eye  of  a  bird.  Tbe 
bones  of  the  hcafl  of  the  iclitliyosaurns 
and  of  the  plesiosaurus  appear  to  have 
been  united  in  the  fixed  manner  wbicb  ve 
o!)scrvc  in  the  existhii;  crocodiles,  and 
not  as  in  the  lacertine  sauria.  The  teeth 
were  aleo  lodged  in  alveoli,  and  grooved  or 
striated  on  the  surface  as  we  see  in  the 
existing  crorodilida.  The  lowor  jaw, 
divided  into  several  pieees,  as  iu  the  exist- 
ing crocodiles;  and  also  shooting  back- 
wards hcyond  the  tympariic  bone.  The 
tympanic  bone  appears  in  both  to  have 
l»een  fixed ;  a  further  analogy  with  the  ex- 
ist; crocodile?.  The  spinous  procetises 
aie  abu  largely  developed  iin  these  sl&cle- 
tons  of  the  ichthyosanros  and  of  the  ple- 
siosaitrus.  Tni:j  corresponds  with  the  ex- 
isting cctacc-a  as  well  as  the  large  croco- 
dilian reptiles,  which  are  rcmarkablo  for 
their  development  of  those  spinous  pro- 
cesses along  the  whole  region  of  the  back. 
The  arched  form  of  the  very  long  and 
alendcr  ribs  of  the  ichthyosaurus  gave  a 
Con^ider.'lb^c  surface  and  depth  for  the  at- 
tachment and  lodgment  of  the  powerful 
muscles  occupying  the  space  along  the 
sides  of  these  spin  : is  ])rocessC3.  The 
bodies  of  the  vertebrae  in  the  ichthyosaurus 
are  deeply  concave  at  each  end,  like  those 
of  a  fish,  and  those  of  the  plesiosaurus  are 
almost  flat  at  the  ends,  like  those  of  a 
quadruped;  hut  in  both  these  animals,  as 
in  tiie  crocodilian  existing  reptiles,  the 
elements  of  the  vcvtehi  rc  were  united  by 
permaucat  sutures.  The  long  spinous 
processes  t£  the  long  neck  of  the  plesio- 
saurus would  render  it  impossible  for  the 
animal  to  curve  the  neck  like  a  swan} 
nor  would  it  be  necessary  in  the  dense 
element  it  inhabited,  and  with  so  very 
iniall  and  disproportionate  a  head. 

You  observe  the  clavicles  ancbylosed  ; 
the  scapular  and  the  coracoid  boues  are 
quite  separate  iu  both,  and  developed  in 
front,  ill  tlie  manner  which  we  sometimes 
observe  in  tbe  most  inferior  of  the  exist- 
\r\^  saurian  reptiles.  Neither  the  anus 
nor  the  legs  appear  to  have  had  a  tixed 
attachment  to  tbe  vertebral  oolnmn.  Ko 
vertebra  ai)pears,  either  in  the  iihth}'o- 
saurus  or  in  the  plesiosaurus,  to  have  had 
tbe  transverse  processes  enlarged  into  the 
form  of  a  sacrum ;  and  those  posterior  ex- 
trcmitics,  which  wtMc  to  cvfM  t  consider- 
able pressure  by  ilic  mipui^c  tiiey  gave  to 
the  water  to  assist  the  lateral  motions  of 
the  tnil  in  swiniininf^,  appear  to  have  been 
as  completely  detached  from  the  veitebrai 


column  as  those  of  a  fish.  Thearm>,  parti* 
cularly  of  the  ichthyosaurus,  and  the  legs 
of  tliat  animal,  were  constructed  entirely 
for  an  aquatic  life,  like  the  arms  of  the 
lowest  of  the  blow  in cetacea.  The  bu« 
mcrus  in  the  ichtliyosaurus  {FF)  is  a 
short  eom])re8sed  bone,  but  the  radius  and 
the  ulna,  detached  from  each  other  and 
cubical,  somewhat  resemble  iu  form  the 
numerous  small  compressed  bones  that 
succeed  in  the  hand, — these  rnl)i  d  small 
bones  succeeding  the  radius  and  the  ulna. 
In  the  ichthyosaurus  yon  can  scarcdy 
distinguish  the  l)one8  of  tbe  carpus  and  of 
the  metacarinis  from  tlic  phalanges  of  the 
fingers.  From  the  extremity  of  the  htT- 
merus  it  appears  as  if  the  hand  imme  l  i  Ia  - 
ly  commenced.  Tlu  se  bones  of  tbe  hand 
consist  of  round  pieces  connected  together 
by  a  cartilaginous  substance.  They  have 
not  played  upon  each  other,  as  in  the  h.and 
of  adugougi  they  have  not  met  each  other 
in  the  course  of  their  osstAcation,  and 
played  upon  each  other  so  as  to  produce 
articular  surfaces,  as  in  the  herbivorous 
cetacea  and  in  this  plesiosaurus.  This  is 
the  condition  which  we  shall  again  see  in 
the  fixed  fni-likc  hands  of  the  porpoise, 
the  dolphin,  and  other  piseivorous  or  blow- 
ing cetacea.  Bnttheliands  and  the  feet  of 
tbe  plc^ioiinTn'ns  approach  iniu  h  more  to 
the  arms  of  the  laniantin  and  dugong,  and 
have  more  of  a  prehensile  form  in  the  se- 
parate boiics;  they  have  more  in  their 
lengthened  and  flexible  structure,  which 
wotdd  enable  the  animal  to  apply  them,  as 
the  climbing  herbivoi'ous  cetacea  do,  to  the 
solid  ground,  or  the  inequalities  of  rocky 
coasts,  than  there  is  in  the  immoveable 
structure  of  the  hands  and  the  feet  of  tbe 
ichthyosaunis ;  and  in  the  hands  and  arms 
of  the  plesiosaunis,  we  see  the  radius  and 
ulna  already  assuming  a  much  more  dis- 
tinct and  lengthened  form.  The  bones  of 
the  cai'uus  and  metacarpus  assume  forms 
more  distinct  fnm.  each  other,  as  they 
have  in  the  hands  of  terrestrial  j>anria  and 
of  quadrupeds.  The  phalanges  of  tbe  fin* 
gcrs  have  here  met  and  even  played  upon 
each  other  so  as  to  have  product  articn* 
Inr  surfaces. 

It  is  a  remarkable  circumstanre,  cer- 
tainly, to  observe  in  these  large  skeletons, 
that  notwithstanding  the  use  made  of  the 
legs  in  swimming,  they  have  not  produced 
any  modiAcation  of  the  transverse  pro- 
cesses in  any  part  of  the  vertebral  column, 
so  as  to  present  a  distinct  sacrum,  as  we 
see  in  almost  every  existing  saurian  rep* 
tih'.  But  when  we  renect  on  the  uses 
which  the  existing  crocodilian  reptiles 
make  in  the  water  of  their  coccygeal  ver*» 
tebraj  in  swimming,  wc  may  perceive  that 
it:  was  an  nflvnnt^L'P  to  those  extinct  aqua- 
tic sauna  to  iiavu  iiad  the  wh^le  posterior 
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portion  of  the  vertebral  column  free  from 
anchylosis,  or  fixed  attachnients, — free 
fnnn  a  sacmin.  The  idithyosaiints  es- 
pecially, in  all  probability,  like  the  ex- 
isting crocodilida,  had  its  long  narrow 
tail  compressed,  directed  pcrpendicularly 
downwards,  -which  it  moved  Avm  side 
to  «idfi>  having  the  sphioiis  processes  alone 


developed  and  much  lengthened  upwards 
and  (townwards  on  the  coccyg^  ver- 
tehne. 

One  of  the  most  remarkable  of  the  fossil 
animals  belonging  to  this  order  met  with 
in  the  tertiary  limestones,  the  calcareous 
slate  of  Solenhofen,  v,  e  may  still  mention, 
— iSb»ptetodaeiylM  kmgiroitrii  iGG), 


GO 


It  is  an  animal  which  appears  to  have 
been  organised— by  the  solidity  of  the  osse- 
ous frame  of  its  trunk,  and  by  the  form  of 
its  arms,  its  legf,  and  even  its  bird-like 
neck  and  head— to  fly  through  the  air.  It 
had  the  lengthened  and  slender  form  of 
head  and  the  large  orbits  of  a  bird;  and, 
indeed,  some,  as  Blumenbach,  have  given 
it  a  place  In  the  dass  of  birds.  It  has  had 
B  place  also  in  the  class  mammalia,  having 
been  thought  by  Soemmering  to  resemble 
a  bet;  it  Is  his  omithocephalos.   It  has 
had  a  place  also  in  the  class  of  fishes,  being 
considered  to  be  such  by  CoHini,  who  first 
described  it.    Its  affinities,  however,  ap- 
pear to  connect  it  more  obviously  with  the 
class  of  re  ]>ti1('s,  than  ss  ith  any  other  ver- 
tebrated  luuinais,  and  Cuvicr  wan  the  first 
to  establish  its  affinities  to  this  class.  This 
animal  (G'G'  i  had,  together  with  a  length- 
ened form  of  the  head,  extremely  slender  i 
jaws,  whieh  are  longnr  than  the  whole 
trunk  of  the  body,  provided  above  nnrl 
below  with  distant  prehensile  sharp  teeth, 
like  those  of  a  reptile— conical  recurved 
teeth.    It  had  a  lengthened  neck  as  long 
as  the  trunk,  and  composed  of  seven  cylin- 
drical lengthened  cei-vical  vertebra;,  admit- 
ting of  the  most  extensive  motion  in  every 
direction.    The  trunk  of  the  body  was 
remarkably  short,  so  as  actually  to  resem- 
ble the  Axed  trunk  of  a  bird.  It  resembled 
a  bird  in  the  length  and  mobility  of  its 
neck|  and  iu  the  shortness  of  its  trunk 
and  taiL  The  most  remarkable  structure 
which  it  presents,  however,  is  in  the  arm 
and  iiand.   It  has  received  the  name  of 
pttroiaetyhit'^wing'fingered  (in  Greek)  — 
from  the  lengthened  form  of  the  bones  of 
one  of  the  fingers— the  ulnar  or  little 
finger— so  as   to  liavc  produced  in  the 
living  state  an  appearance  of  the  side  of 
its  body,  somewliat  like  a  bat,  by  the  in- 
teguiueut  cxteuUiug  iiom  the  whole  arm^ 


as  far  as  the  extremity  of  the  little  finger, 
to  the  posterior  or  sacral  extremities  of 
the  body.  Wo  observe  that  the  arm  was 
connected  with  the  trunk,  as  in  the  exist- 
ing saurian  reptiles,  by  a  scapula  of  a 
lengthened  form,  somewhat  resembling  in 
its  narrow  taperino:  fxtroinity  that  of  a 
bird,  and  fay  a  coracoul  bone  extending  to 
the  stornnm.  The  humeroa,  a  short  and 
strong  hone.  The  rafliiT?  and  the  nlna 
closely  applied  to  each  otiier,  so  aa  to  ad- 
mit Of  the  adduction  and  abdnction  at  the 
carpus,  as  in  birds.  The  bones  of  the  car- 
pus are  numerous,  and  arranged  like  those 
of  a  reptile  or  of  a  quadruped,  and  have 
no  resemblance  to  those  of  any  bird.  The 
bones  of  the  metacarpus  are  remarkable 
for  their  length;  five  ia  number,  corre- 
spondii^with  the  five  fingers,  which  were 
never  seen  in  a  bird  ;  they  are  long  slender 
boites.  Four  of  the  fingers— the  inner  or 
radial  four  ^terminated,  apparently,  by 
curved -sharp  daws,  and  were  short,  com- 
pared with  the  metacarpal  bones }  but  the 
fifth  or  outer  finger,  that  corresponding  to 
the  little-finger  of  the  hand,  had  a  re- 
markably lengthened  and  strong  form,  to 
support  the  membrane  by  which  it  was 
enabled  tb  fly.  It  consisted  of  four  pha* 
langes,  each  of  which,  when  taken  sepa- 
rately, is  nearly  of  the  length  of  the  whole 
hand,  so  that  the  little-finger  must  have 
extended  outwards,  like  one  of  the  fingers 
in  the  wings  of  a  bat,  or  the  raiddle-fiugcr 
of  a  bird.  It  coald  not  have  served  ror 
any  kind  of  prehension,  but  aj)pears  to 
have  been  like  one  of  those  slender  fingers, 
tike  fine  wires,  supporting  the  wings  of  a 
bat,  and  to  have  supported  a  membrane 
to  enable  this  most  anomalous  and  extra- 
ordinary cold-blooded  animal  to  pursue  its 
winged  prey  through  the  regions  of  the 
air.  This  is  o!)viously  an  organization 
much  better  adapted  to  sustain  a  con- 
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Haoefl  ilfglit  t1irai%^  the  air  in  pnrrait  of  | 

insects  or  similar  prey  than  that  of  the 
existing  flying  dragou,  which  has  only  a 
nieinbranoat  iMurachate  nappoitedby  the 

rib?,  prolonged  outwards  fiwni  the  dides  of 
the  vertebral  column. 
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OF  THE  SANGUINEOUS  SYSTEM. 

AUSTRACTIOX  OP  BLOOD. 

(Continued  from  page  583.) 

Qmniity  qf  Bldbd  to  be  abstract eil ;  Jinrr 
estimated, —  Syncope;  haw  beneficial.  - 
Co]  v>  u  V  Hemorrhayies  often  not  vt^urious. 

—  Blood-letting,  whm  to  be  repeated. — 
Difference  in  the  Condiiionx  of  the  BfwrK 

Quanta jf  ^Bhod  necessary  to  be  abstract' 
eil.— In  the  last  Lecture  I  endeavonred  to 
impress  on  your  minds  more  particularly 
three  points:  Ist.  The  peculiar  incotnprcs- 
■ible  state  of  the  pulse  which,  in  conjunc- 
tkms  with  other  symptoms,  indicates  the 
propriety  of  genei*al  hlood-letting ;  2u(1. 
The  importance  of  the  first  bleediny,  and 
th^  almost  insuperable  difficiddes  which 
are  to  be  often  ra  ercome  when  this  first 
depletion  has  )>een  too  sparing;  and, 
lastly,  I  endeavoured  to  potnt  out  the  pro- 
priety of  abstracting  blood  until  a  fainting 
State  or  syncope  supervened,  in  all  cases 
wherein  venesection  is  decidedly  prefer- 
able to  local  bleeding. 

Yon  are  now  naturally  led  to  inquire, — 
What  is  this  quantity  of  blood  which  it  is 
aeoessary  to  abstract  at  the  first  bleeding, 
in  order  to  produce  a  state  of  fainting  ? 
Such,  indeed,  is  the  variety  of  the  con- 
atitnnon  of  individuals, — snch  the  differ- 
encc  in  the  severity  of  disease,  — and  siicli 
the  difference  of  the  period  when  called 
on  to  treat  partfcniar  cases,  that  you  will 
find,  that  whilst  in  some  the  pulse  sinks 
after  the  removal  of  but  a  few  ounces  of 
blood,  in  others  dcplotiou  myxat  be  carried 
to  a  great  extent  before  syncope  is  pro- 
daeed. 

When  employing  venesection,  and  ob- 
aerving  the  indications  which  have  al- 
ready been  pointed  mt  in  order  to  regu- 
late its  extent,  it  w  ill  be  generally  found 
that  the  quantity  of  blood  which  you  are 
able  to  remove  before  fainting  comes  on, 
is,  in  fact,  never  more  than  is  requisite 
fer  the  cure  of  the  disease.  Hence  a  per- 
son in  health  usually  faints  from  the  loss 
ef  R  oomperatively  small  quantity  of  blood, 


whilst  tibe  same  individual,  after  sulfering 

hut  n  fv\r  hotirs  from  active  inflammation, 
requires  to  lose  an  almost  incredible  quan- 
tity,—a  quantity  essential  for  the  cure  of 
the  disease, — before  be  falls  into  a  state  of 
syncope.  I  have  also  observed,  with  re- 
gard to  leeches,  that  the  quantity  of  blood 
which  flows  from  their  bite,  varies  accord- 
ing to  the  degree  of  congestion  in  the  ves- 
sels of  the  part  to  whiciri  they  are  applied, 
and,  likewise,  according  to  the  necessity 
and  propriety  of  removing  such  a  quan- 
tity. Hence  blood  often  flows  for  many 
hours  after  the  first  application  of  leeches, 
whilst  an  c<iual  number  applied  at  a  sub- 
sequent period,  and  when  the  disease  has 
been  greatly  subdued,  yield  comparatively 
a  very  smll  quantity  of  blood.  This  dif- 
ference must  no  doubt  depend  on  the  dif- 
ferent condition  of  the  vessels  at  the  dif- 
ferent times  the  leeches  are  applied;  and 
so  it  is  with  regard  to  venesection  :  a  large 
quantity  of  Idood  may  be  taken  away  at 
the  first  bleeding  before  syncope  is  pro- 
duced, v,hilst  at  every  succeeding  opera- 
tiou,  tainting  comes  on  from  the  loss  of  a 
smaller  and  still  smaller  quantity. 

If  you  are  to  be  guided  in  the  em])loy- 
ment  of  blood-letting  by  the  principles 
which  1  have  been  endeavouring  to  incul- 
cate, you  will  readily  conceive  the  diifort. 
ences  in  the  quantities  of  blood  which 
must  be  abstracted  in  dift'crent  examples 
even. of  the  name  disease;  and  whilst,  in 
some  instnn  -cs,  you  will  be  disappointed, 
from  the  smallness  of  the  quantity  which 
flows  from  the  vein  before  syncope  super- 
venes, you  will  in  others  be  surprised  at 
tlie  e.Ytent  to  which  it  may  be  carried,  and 
with  the  happiest  results.  Hence  the  dif- 
ficulty of  attempting  to  give  you  any- 
thing like  a  precise  idea  ftf  the  qttantity 
of  blood  .irhich  patients  n  quu  c  to  lose  in 
the  treatment  of  particular  disease.  It 
\\  nn1d  be  no  less  absurd  in  me  to  attempt 
N  i>cciiy  the  quantity  of  purgatives  or 
(lia^  horetics  necessary  to  complete  the 
cure  of  a  fever  I  The  best  general  notions 
on  this  subject  can  only  be  attained  by 
observing  the  quantity  removed  In  a  se- 
ries of  cases  wherein  blood -lettii^  has  been 
judiciously  employed. 

In  the  ai  uiy  and  navy,  where  inflamma- 
tory disease  often  assumes  a  \c\y  severe 
type,  surgeons  are  in  the  habit  of  abstract- 
ing thirty,  forty,  and  sometimes  fifty 
ounces  of  blood  at  the  first  bleeding,  and 
even  where  the  treatment  is  thus  energe- 
tic at  its  commencement,  irom  one  to 
nearly  two  hundred  ounces  of  blood  have 
frequeiitly  been  removed  before  the  dis- 
ease has  been  subdued ;  but  amongst  other 
classes  of  the  community,  where  the  phy- 
sical frame  Is  slender,  a  comparati\ely 
very  small  quantity  is  found  sufi&cieut  to 
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Telicve  and  check  inflammatory  tliscascs. 
There  is  an  observation  which  1  v,oulcl 
here  venture  to  make  as  the  result  of  my 
own  experience,  as  veil  as  from  the  many 
opportunities  I  haveha<l  of  witnessinj^  the 
practice  of  others,  and  that  is,  that  of  a 
number  of  persons  bled  for  inflammatory 
diseases,  those  who  have  lost  the  larj^est 
quantities  of  blood,  and  have  done  so  by 
the  fewest  operations,  have  made  the  most 
Tii\nd  rccovcncs ;  whilst  those  who  had 
been  more  frequently  bled,  and  had  lost 
even  a  greater  quantity  of  lilood,  but  In 
Email  quantities,  and  at  more  distant  in- 
tcrvah,  have  recovered  much  more  slowly, 
and  have  had,  more  frequently,  some  per- 
manent itmctural  change  of  the  affected 
ofjgan* 

Byna^i  how  hew^daij—ThQ  state  of 
fainting  which  1  Imve  already  endea- 
voured to  pojint  out  as  an  unerring  cri- 
terion for  estimating  the  detent  to  which 
blood  sihonld  be  reino\'ed  in  those  cases 
where  general  bleeding  is  most  expedient, 
such  as  In  inflammatory  cases  attended 
with  febrile  disturbance,  and  in  dangerous 
congestions  affecting  the  vital  or^nns, 
syncope  is,  by  most  practitioners,  taken 
as  their  guide;  and  though  some  liaxe 
argued  that  a  state  of  syncOpe  thiii> 
brought  on  may  be  pernicious  and  even 
dangerous,  I  have  never  either  met  with, 
or  heard  others  dcscri'io,  a  case  where  ge- 
neralbleedingjudiciously  resorted  to  caused 
any  serious  mischief  from  carrying  it  so  far 
as  to  produce  syncope.  Yon  ought  in  consi- 
dering this  point  to  discriminate  between 
those  cases  where  the  bleeding  has  been 
employed  as  a  curative  means,  and  those 
wherein  a  profuse  hemorrhage  has  talccn 
place  from  wounded  vessels,  as  fron>  acci- 
dents, or  from  a  partial  separation  of  the 
placenta.  In  these  the  hleedhi;;  may  not 
only  produce  syucoxie,  but  such  may  be  the 
sise  of  the  vessels,thaitlieblood  continues  to 
flow  until  life  is  nearly  or  even  completely 
cxtinguiiihcd.  But  in  the  operation  of 
taking  blood  from  a  vein,  its  flow  can  and 
ought  to  he  arrested  whenever  syncope 
takes  place ;  and  surely  no  surgeon  ever 
attempted  to  persevere  in  the  continu- 
ance of  the  abstraction  of  blood  from  a  per- 
son in  tltisstate.  On  the  other  hand,  the  state 
of  iuxutiug  iti  to  be  considered  as  an  index 
of  the  quantity  of  blood  necessary  to  be 
removed  for  relief  from  the  disease;  and, 
as  1  have  already  said,  you  will  always 
find  that  quantity  to  be  in  the  ratio  of  the 
l)ropriety  and  necessity  of  procuring  it. 

Though  it  has  been  stated  that  in  uo  case 
of  syncope  produced  by  venesection,  have 
T  ever  known  any  subsequent  pernicious 
effects,  yet  }  on  oui^ht  to  be  warncil,  that  in 
some  cabCii  it  has  been  caiauU  to  the  very 


last  extremity,  and  the  consecutive  symp« 
toms  have  caused  great  alarm  to  the  by* 
standers  as  wdl  as  to  the  operator.  Such 

cases,  however,  must  be  tnily  rare,  for  ac- 
customed as  wc  are  to  hear  daily  of  per- 
sons being  bled  to  a  great  extent,  yet 
such  alarming  effects  areiddom  heard  of; 
and  recollect  also  how  manv  hundreds  or 
even  thousands  of  persons  in  this  com- 
munity are  bled  every  day,  and  how 
few  accidents  of  any  description  ever 
happen. 

CflAC— The  most  alarming  cfTect  of  vyn- 
cope  from  venesection  1  ever  witnessed, 
took  place  in  the  person  of  a  surgeon, 
who  had  an  r '  t  i  !  of  inflammation  of  the 
brain,  and  for  which  he  had  been  re- 
peatedly bled,  both  by  venesection  and 
leeches,  but  insmall  quantities,  without  re- 
lief. His  state  was  characterized  by  a  dull 
unceasing  pain  in  the  head,  which  did  not 
influence  the  intellectual  functions,  but 
was  atteiifl^  fl  with  great  intolerance  of 
light,  sound,  and  motion.  The  |)aiu  be* 
coming  more  intense,  though  his  pulse 
was  so  natural  in  frequency  and  appa- 
rently so  feeble  as  to  discourage  his  attend- 
ant from  repeatir.g  the  bleeding,  yet  he 
cmdd  himself  detect  an  incompressible  feel- 
ing in  it,  which  peculiar  feeling  he  knew 
to  be  an  unerring  index  of  the  propriety  of 
venesection.  His  attendant,  contrary  to 
his  own  opinion,  however,  opened  a  vein, 
and  after  a  vci  y  few  ounces  of  blood  were 
abstracted,  the  patient  became  feint,  which 
caused  the  rc[i;u  ,  al  of  the  bandage.  When 
he  recovered  from  this  state,  and  was  able 
to  apply  his  own  finger  to  the  pulse,  he 
could  still  distinguish  its  iucompressilde 
chnrnrtPF,  and  experiencing  likewise  the 
ftxcd  pani  in  Uic  head,  he  entreated  his 
friend  to  replace  the  bandage.  This  dime^ 
a  very  large  quantity  of  blood  was  removed 
before  he  again  fainted,  and  the  state  of 
syncope  was  so  com]4ete  that  he  remained 
insensible  ti])ward3  of  five  hours,  during 
which  period  those  around  were  in  the 
greatest  apprehension,  the  powers  of  life 
being  so  exhausted,  that  during  that  long 
interval  the  pulse  could  not  be  distin- 
guished at  the  wrist,  and  the  respiration 
could  haydly  be  recognised.  Such  how- 
ever was  the  effect  of  this  protracted  state 
of  syncope  on  the  disease  in  the  head, 
that  when  the  patient  awolce,  as  it  were 
into  life,  and  was  able  to  articulate,  his 
first  expression  was,  that  the  pain  in  his 
head  had  vanished,  and  that  his  pulse  was 
completely  subdued.  This  i)nt'  nt's  re- 
covery was  speedy  and  complete,  requir* 
ing  no  fhrther  remedial  means»--and  in 
about  six  weeks  his  health  and  strength 
were  ])cifectly  re.store<l. 

liiis  iuteiestin^  and  matructivc  case- 
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LECTURE  XVII. 

ON  THB  0SST1X)L0GY  OF  CHELONIAN 

KErilLES. 

TuK  tortoises  and  tho  turtles  which 
compose  the  chelonian  order  of  reptiles, 
ditfcr  from  the  sauria  wc  have  just  ex- 
amiued,  in  having  tho  ribs  immoveable, 
and  they  differ  from  the  serpents  in  having 
external  members  for  locomotion.  Look- 
ing at  the  singular  exterior  of  these 
tortoises,  shielded  in  a  solid  case  lilce  a 
molluscous  animal  in  its  shell,  we  sliould 
scarcely  expect  to  find  that  this  dense  os- 
seous covering  enveloping  the  whole  body 
consists  of  the  same  bones  which  com|K)se 
the  human  skeleton.    It  i)rcsents  a  fine 
example  of  that  unity  of  plan  uniidiit  di- 
versi^  of  form,  that  sirofilieltf  amidst  va- 
riety, which  is  so  consjiicuous,  ai»d  gives 
so  pleasing  atiiversity,  in  tho  works  ot  nn- 
tmre.  These  animals  are  remarkable  among 
reptiles  from  their  feediiigfor  the  ni()sti)art 
ou  vegetable  food,  whicii  is  a  chaiucter  of 
rare  occurrence  among  the  sanrians  and  al- 
most unknown  among  serpents.   Tlicy  ob- 
tain this  food  at  the  bottom  of  the  sea,  or  on 
the  banks  of  lakes  and  of  rivers,  or  on  tlie 
dry  land,  and  their  outward  forms  vary  to 
suit  those  ditlerent  situations.   From  their 
small  respiration,  and  from  their  having 
bat  one  ventricle  of  the  lieart,  where  the 
venous  and  artorialucU  blood  are  ]iartially 
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mixed,  and  also  from  the  imperfect  deve- 
lopment of  their  nervous  system,  all  tht^ 

movomrnts  and  feelings  are  languid,  and 
they  have  great  tenacity  of  irritability  and 
of  life.  Whether  creeping  among  the  low 
vegetables  on  which  they  subsist,  or  lying 
torpid  in  their  shallow  burrows,  these  slow- 
moving  animals  are  constantly  exposed  to 
the  trampling  of  the  heavy  qtuuii-upeds  feed- 
ing on  the  snmc  kind  of  vegetable  food, 
and  their  stiong  arched  skeleton,  which  in 
the  region  of  the  trunk  covers  not  only 
the  viscei-a  but  even  the  muscles,  affords 
them  security  from  the  dangers  to  which 
they  are  constantly  exposed,  and  which 
they  have  neither  suffieicnt  acutcness  to 
perceive  nor  activity  to  shun.  In  the 
aquatic  species  the  form  is  depressed  anA 
flattened,  or  hut  slightly  convex,  and  with 
sharp  margins,  which  is  the  best  adapted 
for  cutting  with  the  least  resistance  the 
liquid  element  through  which  they  move. 
Thus  shielded  by  their  rara])ax  above, 
and  their  plastron  beneath,  tliey  did'er  as 
mnch  from  the  other  reptiles,  the  ser- 
pents and  lizards,  as  fishes  do  from  cetacea, 
or  birds  from  hats,  and  their  osteology 
difTen  remarkably  fran  that  of  other 
reptiles.  That  difference  of  form  in  the 
skeleton  i^HH)  arises  chiefly  from  the 
great  development  of  the  ribs  {HHy  c) 
which  form  the  carapi^x,  and  from  the  de- 
velopment of  the  sternum  which  composes 
the  plastron  beneath ;  for  when  we  look 
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at  the  other  parts  of  the  skeleton,  we  sec  I  The  skull  of  the  tortolM  diflRew  reinark:- 
no  peculiarities  so  remarkable  in  the  head  ably  from  Uie  skull  of  the  turtle,  and  this 


diflerence  consists  chiefly  in  the  form  pre- 
sented by  the  parietal  bones.  In  both 
cases  we  observe  the  sutures  to  remain 
perinanently  distinct,  sej)arating  all  the 
elements  of  the  cranial  bones.  Tliese 
bones  correspond  vrifli  those  of  the  croco- 
dile which  w'C  saw  yesterday,  although 
varying  a  little  in  their  shape,  so  that  you 
have  the  same  detached  pieces.  The  con- 
dyle of  the  occipital  hone  in  the  tortoise 
and  in  the  turtle  (If)  is  composed  dis- 


U 


or  in  the  cervical  vertehne,  or  in  the  arras 
or  the  legs,  or  in  the  coccygeal  vertebrae. 

The  hones  of  these  dieloniaa  anhnals, 
like  those  of  most  reptiles,  have  a  coarse 
fibrous  structure,  containing  a  large  quan- 
tity of  animal  matter  between  the  fibres 
of  the  phosphate  of  lime, — a  condition 
of  their  osseous  system  which  indicates 
their  inferiority  in  the  scale.   In  the  in- 
terior even  of  the  long  bones  of  tills  enor- 
mous turtle  you  observe  there  arc  no  ca- 
vities, either  iu  the  humerus  or  in  the 
femur;  that  the  interior  of  these  sections 
of  the  long  bones  is  filled  throughout  tlieir 
whole  extent  with  a  spongy  cancellated 
tutire,  pnsin;  completely  ftom  the  one 
extremity  of  the  !)0nps  to  the  other;  and  in 
this  character  also  they  exhibit  an  infe- 
riority of  d«Fek>pmen^  and  an  analogy 
with  tha  amhryo  oondition  of  human! 
bones.  | 
The  vertebral  column  of  these  chelonian  . 
reptiles  is  moveable  in  the  region  of  the 
neck,  and  in  the  region  of  the  coccygeal  j 
vertebrae ;  in  the  region  of  the  triuik  and 
in  the  head  the  vertebrse  are  fixed.  One 
of  the  most  marked  and  singular  characters 
of  this  order,  by  which  it  is  distinguished  i  tinctly  of  three  fasoits,  and  those  three 
from  the  other  orders  of  reptiles,  is  the  [  fhscits  beloni?  to  distinct  bones;  the  mid* 
fixed  condition  of  the   ribs.    They  are  dlo  and  inferior  one  (77,  a)  belongs  to  the 
perfectly  immoveable,  so  that  no  motion  i  basilar  bone,  which  I  show  you  quite  loose 
IS  derived  from  them  for  respiratton.  The  and  detached  in  this  3ronng  turtle ;  the 
greater  number  indeed  of  these  animals  two  lateral  fascits  that  enter  into  thi^  skull 
are  surronndcd  as  it  were  by  a  solid  tube,  I  belong  to  the  two  condyloid  bones  {11,0), 
allpartsof  which  are  perfectly  immoveable,  I  so  that  the  head  is  slipping  olF  from  the 
composed  of  the  vertebral  column,  of  the  |  bodies  of  the  vertebnc  with  which  it  was 
ribs,  of  the  sternal  appendices,  and  of  the  '  connected,  almost  solely,  in  fislies,  and  get- 
■temum  itself.   The  vertebra;  in  the  neck  i  ting  on  to  a  secuie  attachment  to  the  con- 
owe  thcfr  remaricable  fonn  to  the  curva-  dyloid  bones,  which  we  see  it  retain  in 
tare  which  the  neck  assumes  in  the  livitig  I  man  and  all  the  mammnlia.    But  in  the 
ilate  of  the  animal  when  it  retracts  the  i  crocodile  you  observe  that  that  single  con- 
head  hy  two  very  powerful  muscles  into  |  dyle  belongs  solely  to  the  basilar  bone, 
the  cavity  of  the  carap?.ce.  It  is  from  this  that  the  two  condyloid  honoa  have  not  yet 
sigmoid  flexure  of  the  neck  that  we  ob-  \  extended  far  enough  backwards  to  have  a 
serve  the  very  different  direeUons  taken  share  in  the  formation  of  the  occipital  con- 
by  the  articular  surfaces  of  the  cervical  dyle.   The  median  or  superior  portion 
~'  '        ""  (77,  c)  of  the  occipital  bone  here  shoots 

backwards,  like  the  long  spinous  processes 
\vc  sec  in  this  region  In  firtkes,  and  in 
many  of  the  carnivorous  mammalia.  It 
gives  thus  an  extensive  and  strong  attach- 
ment to  the  mnsdes.  Passing  forwards  we 
ronie  to  the  elements  of  the  temporal 
bone,  and  those  elements  remain  pei-ma* 
nently  detached,  being  united  only  by  su- 
ture. 

We  have  in  the  tympanic  bone  (77,  </) 
of  the  cA<*/onM  a  repetition  of  that  fixed  con- 
dition which  we  see  in  the  tympanic  bone 
of  the  crocodiles.  Yet  the  tortoi.ses  and 
the  turtles  do  not  require  to  struggle  with 
living  prey  in  the  way  crocodiles  do.  What 
then  have  they  this  peculiar  structure  fat. 


"Vertebne.  These  vertebra?,  like  those 
which  compose  the  rest  of  the  column, 
terminate  for  the  most  part  in  a  convex 
surface  on  the  lower  part  of  the  boily,  and 
a  concave  surface  in  the  upper.  This 
structure  of  the  vertebrae  jtasses  even 
through  the  fixed  vertebne  of  the  back, 
though  the  convexity  is  there  very  slight. 
We  can  trace  It  through  the  portions  com- 
posing  the  i-acrnin ;  and  we  see  it  con- 
tinued—this ball  andaocketjoint— through 
an  the  coccygeal  vertebne^  The  four 
elements  of  the  fixed  dorsal  vertebrae  re- 
main permanently  separate,  so  that  the 
body  is  united  to  the  laminae,  and  the  la- 
minae to  tiie  spinoin  inroeess,  only  by 
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Frma  this  consolidated  form  of  the  ot* 
soou  f«rt  of  the  hewi  (jrjT)  of  «to  oMh 


so  anosMlttW  in  reptiles,  so  different  from 
fishes,  amphihia,  serpents,  li/ards,  and 
birds  ?  This  is  the  IixlhI  c:on<iitioa  of  a 
quafiriipcds  jaw,  not  the  condition  of  odd- ; 
blooded  animals.  Even  birds  have  not 
this  fixed  condition.  The  turtles  feedj 
vpon  mtfrine  plasts;  the7  pomess  great' 
force  of  jaws  for  cutting  the  thick  and' 
tough  stems  of  the  marine  plants  on  which ' 
they  feed.  This  requires  then  that  they ' 
should  have  this  anomalous  fixed  condition 
of  all  the  elements  of  the  temporal  bone, 
and  that  the  tympanic  portion  should  not 
play  freely  like  that  of  a  fiih,  or  of  an  am- 
phibious animal,  or  of  a  serpent,  or  of  a  [ 
lizard,  or  of  a  bird.  In  the  frontal  hone  i 
{KK,  pf)  -we  tee  tiie  several  piMes  united  I 
by  permanent  sutures.  The  jiarictal  bones  nian  reptiles,  from  this  immoveable  union 
A  A)  are  remarkable  (rom  the  diflVr-  of  all  the  bones  by  sutures,  from  this  ex- 
enees  which  they  present  hi  the  land  spe-  pansion  of  the  parietal  bones  ovet  the 
cies,  as  contrasted  with  the  ai]uatic.  In  temporal  muscles,  and  completely  OTCT 
the  land  tortoises  they  form  an  elevated,  the  tcmi>oral  fossa,  together  with  the  ex- 
exposed,  longitudinal  crest,  where  they  pansion  of  the  frontal  bones  themselves 
meet  so  as  to  rewiiUe  in  this  part  the  over  the  arch  to  the  malar  bones  (KK,  0> 
skull  of  a  hyjpna  among  the  carnivorous  we  observe  that  in  the  turtles  the  ca^^ty 
quadrupe4U,  or  of  a  badger;  but  in  the  of  the  skull  occupies  but  a  small  com- 
aquatic  animals  these  bonos  (//,  h ;  KK,  k)  ])resmd  narrow  passage,  runnings  througjli 
have  extended  laterally,  and,  in  conjunc-  the  centre  of  its  largo  bead.  It  must  be 
tron  with  the  temporal,  jugal,  and  frontal  veiy  obvious  from  this  structure,  that  the 
hones,  have  made  an  oseeooi  covering  magnitnde  of  the  hndn  contained  withni 
on  each  side  over  the  temporal  nmscles.  the  cavity  of  the  skull,  can  here  have  little 
You  therefore  observe  that  the  exterior  or  no  influence  on  the  general  dime>nsions 
of  the  head  of  the  tortle  (KK)  appears  |  of  the  head  or  on  its  ontward  fhrm.  Iliis 
at  first  view  as  if  it  had  a  large  cranial  is  in  some  respects  intereslinff  in  ft  pirjr* 
cavity,  but  the  cranial  cavity  only  occn-  siological  point  of  view,  ana  as  con- 
pies  a  small  osseous  tube  in  the  niMdle  cerna  the  remains  of  those  animals  found 
of  this  great  osseon*  development  cover- { in  the  Strata  of  thoeartii,  or  even  foraa- 
ing  the  muscles.  That  is  a  repetition  certaininj^  the  characters  of  existing  spe- 
in  the  turtle's  head  of  what  we  see  in  |  cies.  You  will  see  that  it  follows  from 
the  posterior  part  of  its  vertehral  cotamn,  ^  this  circumstance,  that  the  hones  which 
where  the  spinous  proces'^-c  of  the  dorsal  you  here  look  n])oii  as  the  exterior  surface 
virtebrse  have  e.\tended  laterally,  so  as  to  of  the  skull  and  around  the  whole  head, 

are  hones  which  enclose  the  nnisifles^ 
which  enclose  the  organs  of  the  senses,  and 
which,  therefore,  grow  as  those  soft  parts 
grow,  and  continue  to  grow  through  life 
like  the  bones  of  the  face,  and  like  all  the 
rest  of  the  skeleton.  But  that  is  not  the 
case  in  animals  where  the  surface  of  the 
skull  corresponds  with,  and  is  applied  to» 
the  surface  of  the  brain ;  for  in  such  ani- 
mals,— and  man  belongs  to  such  a  group, — 
at  the  early  period  of  life,  when  the  Intdn 
is  proportionally  very  large,  so  also  are  tho 
uses,  the  dental  system  of  many  aquatic  I  outward  dimensions  of  the  frontal  bonei^ 
bmls,  and  the  homy  lamime  of  the  omi-  of  the  parietal  bones,  of  the  occipital  heme. 


;  in  the  Ibrmatira,  with  the  rib^  of  the 
great  upper  Aidd  or  oaiapaz. 

All  the  parts  of  the  upper  jaw  are  fixed 
in  the  cheloniaa  reptiles,  as  they  are  in 
the  crocodiles,  on  account  of  their  kind 
of  food.  The  upper  and  the  lower  jaws 
are  covered  with  a  sharp,  cutting,  strong, 
homy  plate,  which  is  particularly  sharp  and 
cutting  in  the  upper  jaw,  and  strong  and 
denticnlated  In  the  lower  jaw,  represent- 
ing, in  their  direction  and  position  and 


thorhynchus,  and  those  of  the  whales 
placed  alon^r  the  alveolar  margin  of  the 
upper  jaw.  The  margins  of  the  jaw-bones, 
covered  with  these  homv  niasticatinLr  in- 


But  as  the  brain  has  shot  early  through 
matiy  of  the  phases  of  its  development, 
being  an  organ  much  required,  and  one  of 
the  most  important  for  the  UOldividnalitl 


struments,  arc  thin  and  sharp,  and  ot '  estaljlishinr;  relations  with  surrounding 


great  depth  from  above  downwards,  so 
that  they  are  capaUe  of  cutting  the  stems 
of  plant!4  in-  order  to  procure  food,  with 
great  force. 


nat\ne,  it  is  early  shot  forth  to  a  high  de- 
gree of  development ;  but  in  after  life  its 

march  is  slow;  and  we  observe  that  the 
hones  of  the  face  in  such  animals,  pro- 
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ceeding  in  thdr  natural  mardi  of  develop- 
ment,  soon  outstrii)  the  bones  of  the  cra- 
nium, and  then  the  muzzle  projects,  and 
the  whole  fiicc  takes  on  a  great  j)roportion, 
with  regard  to  the  cranium,  from  that 
which  it  had  in  infancy,  and  the  facial  an- 
gle diminishes  by  this  advancing  of  the 
bonet  of  the  fiice. 

The  turtle  has  no  <?nch  means  of  meta- 
morphosing its  head  and  its  face  during 
the  progress  of  its  growth,  for,  at  all  pe- 
riods of  its  life,  the  bones  which  siirrotnid 
and  compose  this  general  outline  {Jlj 
march  forward  equally  in  the  progress  of 
their  development.  Notwithstanding  this, 
the  brain  itself  is  actually  under^ohiiz;  the 
same  Icind  of  changes  as  wc  find  iu  the 
more  highly  developed  human  brain, — ad- 
vancing to  maturity,  then  it*^  stationary 
condition,  and  then  the  ultimate  retrograde 
movements  of  all  developments  hack  to- 
wards  infancy.  Wc  observe  from  this, 
that  these  animals,  in  the  young  condition 
and  in  the  adult  condition,  and  even  at  a 
more  advanced  period  of  life,  have  the 
same  proportions  in  all  parts  of  their  head 
and  of  their  body.  That  is  the  case  with 
fishes;  that  is  the  case  with  aitt  the  cold- 
blooded vertebra  tod  animals,  in  all  of 
which  the  braiu  is  so  imperfectly  deve- 
loped, that  it  fills  but  a  small  tube  passing 
through  the  centre  oftlie  lar^^ehcad.  This 
is  sometimes  an  important  consideration, 
even  to  the  geologist,  in  determining  the 
identity  of  extinct  species  by  the  mag- 
nitude and  proportions  of  their  parts,  if 
a  species  were  found  of  an  extinct  samian 
reptile,  a  small  animal,  which  had  the 
head  proportionally  large  when  compared 
with  the  rest  of  the  body,  and  tbu  were  to 
he  contrasted  with  species  which  were 
already  known  to  attain  a  greater  size ;  it 
might  naturally  be  imagined  that  this 
difference  of  the  size  of  the  head  might 
be  the  effect  of  age ;  that  the  youth  of  the 
smaller  animal  caused  the  dispropor- 
tion between  the  bead  and  the  rest  oif  the 
body,  and  thus  caused  the  difTerencc  be- 
tween the  newly  discovered  species  and 
those  already  known.  That  would  ob> 
viously  be  a  mistake,  which  could  only  be 
corrected  by  a  careful  examination  of  the 
proportions  and  growth  of  those  parts  iu 
the  existing  and  known  allied  animals. 

This  structure,  which  we  observe  in  the 
turtle,  is  very  different  from  the  structure 
which  we  observe  in  the  tortoise.  In  the 
tortoise  the  structure  of  the  upper  and 
back  part  of  the  head  is  more  nearly  like 
that  of  quadrupeds,  where  the  muscles  are 
covered  merely  by  fuscire  and  by  the  inte- 
guments, and  not  by  an  osseous  shield,  as 
In  the  toxiles.  This  exposed  conditton  of 
the  soft  parts  of  the  brad  in  the  tortoise, 

U  kiti  daogerous  to  these  aoiuals  ihm  it 


would  be  to  the  turtle ;  for  the  large  wide 
skeleton  of  the  tortoise  forms  a  solid  arched 
shield,  below  which  the  animal  can  com- 
pletely retract  its  hea<l  and  preserve  it  in 
])erft»ct  safety  ;  as  it  can  also  its  arms,  its 
legs,  and  its  tail ;  but  the  depressed  turtles 
have  a  structure  of  the  skeleton  whicii 
renders  that  impossiUe.  The  very  great 
development  of  the  arms  for  swimming 
through  the  sea,  and  the  great  develop- 
ment of  the  muscles  to  move  those  power- 
ful organs  in  swimming,  occupy  a  great 
space  in  the  anterior  region  of  the  carapace 
of  the  trunk.  The  neck  slso  is  lengthened, 
the  head  is  larger  but  the  carapace  is  pro- 
portionally very  small;  it  is  depressed  and 
small  in  every  dimension.  The  heatl  can- 
not be  retracted  so  as  to  be  completely 
shielded  within  the  carapace;  it  is  pro- 
tected, therefore,  by  an  osseous  covering 
formed  chiefly  by  the  parietal  Imnes,  simi- 
lar to  that  formed  by  the  spinous  pro- 
cesses aud  the  ribs  {HII),  which  we 
see  covering  the  whole  of  the  rest  of 
the  back.  We  obser\  e  the  nostrils  pass- 
ing backwards  horizontally,  and  termi- 
nating about  the  middle  of  the  palate,  in 
two  distinct  wide  round  orifices;  through 
tliese  the  air  passes  in  respiration,  but  the 
respiration  is  effected  here  chieliy  by  the 
motion  of  the  large  and  strong  ot  Ayoides. 

I  have  already  mentioned  to  you  with 
reference  to  these  cheionian  reptiles,  these 
turtles  and  tortoises,  that  they  can  derive 
no  assistance  from  motions  of  the  ribs  in 
the  'act  of  respiration  ^  so  that  they  are, 
with  their  enormously  developed  ribs,  near- 
'ly  in  the  predicament  of  frogs,  that  have 
,  no  ribs  whatever.  In  both  cases  we  observe 
j  the  respiration  to  be  effected  chiefly  by  a 
constant  motion  of  the  os  hyoides,  which 
'  acts  as  a  piston  to  draw  in  air,  and  the 
tongue  acts  as  a  valve,  clotting  the  poste- 
rior nasal  apertures,  and  forcing  the  air 
downwards  through  the  trachea  that  opens 
at  the  root  of  the  tongue.   Hence  the  ne- 
cessity Ibr  this  great  development  of  the 
hyoid  bone  to  give  attachment  to  those 
numerous  muscles  which  are  necessary 
for  the  important  motions  of  that  bone  in 
resjjiration. 

The  ribs  (HH)  of  the  tortoise  are  in 
number  eight  upon  each  side,  but  the 
first  and  the  last  ribs  ate  very  broad,  and 
have  each  two  transverse  processes  at- 
tached to  them,  as  if  they  were  double 
ribs.  These  eight  pabs  of  ribs  form,  by 
their  junction,  by  suture?,  the  upper 
solid  shield,  which  is  called  the  carapace. 
These  ribs,  distinctly  bomided  by  their 
sutures,  do  not  con'espond  in  the  least  in 
tlicir  outline  with  the  outline  of  the  large 
homy  scales  that  ara  seen  covering  the 
bones  with  their  periosteiuDf  and  ikin,  w 
tenially. 
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The  ribs  of  flnimalt  Imve  two  principal 

tr.or'r :  and  points  of  attachment  to  the 
vertebrae.  In  the  one  mode  where  great 
freedom  of  motion  is  Teqafred,  yre  find 
thcrii  articulated  to  the  extremities  of  the 
transverse  processes,— as  we  see  them  in 
Ashes,  as  we  see  them  in  the  perenni- 
branchiate  amphibia,  as  we  see  in  serpents, 
as  we  see  for  the  most  part  in  porpoises, 
in  grampuses,  and  iu  many  other  ceta- 
ceous animals.  But  there  is  another  kind 
of  attachment,  where  freedom  of  motion  is 
not  to  be  desired,  but  great  security  and 
firmness  of  the  articolation ;  in  that  case 
they  arc,  as  it  were,  pushed  down  from 
the  transverse  processes  to  the  intervening 
spaces,  so  as  to  touch  and  nnite  with  the 
hodics  of  two  separate  vertcbrs,  and  have 
thereby  a  secure  attach mont. 

It  must  be  obvious  to  you,  that  if  the 
ribs  are  to  form,  as  it  were,  a  solid  shell  to 
resist  great  pre^snre,  and  to  envelop  the 
w  liole  body  of  the  tortoises  and  the  turtles, 
that  they  require  mch  an  attachment  as 
shall  otita'n  the  greatest  dcg'ree  of  security 
in  the  articulation.  We  observe,  therc- 
Ibre^  that  their  ribs  pass  inwards  to  be*at> 
tarhed  each  bciwirn  two  vertebrae,  so 
that  one  rib  is  united  by  suture  to  the 
body  of  the  vertebra  above  and  the  body 
of  the  next  vertebra  below.  These  ribs 
extend  outwanls,  nearly  parallel  to  each 
oUier  in  their  line  of  junction,  expanding 
a  little  toward  their  distal  margin.  These 
ribs  nnite  with  each  other  also  by  sntmes. 
From  the  ilataess  and  arched  form  of  these 
bones,  and  from  the  sutures  which  bind 
111  r  in  mitcriorly  and  posteriorly,  they  have 
been  mistaken  for  parts  of  the  human 
slcnll.  And  from  the  great  magnitude  of 
these  bones,  it  was  natural  to  imagine 
that  such  a  skull  must  hare  belonged  to  a 
human  being  of  cnonuous  size — au  ante- 
diluvian f^iant. 

In  the  land  tortoises  these  ribs  pass  for- 
warti  ossifiecl,  united  by  suture  to  their  ante- 
rior or  ventral  termination ;  not  tapering, 
you  will  observe,  to  a  point,  as-  they  do  in 
the  turtles  {HH),  but  contiuuing  broad  and 
much  arched  to  their  anterior  termina- 
tion; and  they  terminate  anteriorly  by  a 
suture  which  connects  them  to  other  rib- 
like bonc9  in  the  land  tortoises,  which  arc 
the  fct  t  i  nal  ribs.  We  observe,  that  although 
the  ribs  themselves  are  immoveable  in  the 
aquatic  as  well  as  the  hind  animals  of  tliii 
onier,  that  there  are  o  .u  ous  parts  sur- 
rounding the  trunk  of  tlie  body,  whivh 
have  a  motion  upon  each  other.  We  ob- 
•erve,  notwithstanding  the  ribs  are  fixed, 
that  in  the  aquatic  species  they  do,  by 
their  imperfect  ossification  at  tiieir  free 
terminations,  where  they  unite  with  the 
sternal  appendices,  assist  in  the  mobility 
of  the  plastrpn  or  sternum.  Iu  tUo  aqua« 


tic  spedes  the  ribs  (Bff)  htm  hegm  M 

march  of  their  development  at  their  vertc-* 
bral  extremities  in  the  same  manner  M 
infhe  land  animals;  bnt  after  a  time  tiN^ 
have  ceased  to  meet  each  other  at  their 
margins,  and  to  be  joined  by  sutures,  and 
have  siiot  out  a  narrow  rib-like  process, 
resembling  the  ribs  <rf mammalia,  which  is 
continued  on  to  the  edge  of  the  sternal 
appendices.  You  see,  therefore,  the 
limits  and  forms  of  the  eight  paira  of  ribs^ 
as  in  the  specimen  before  yon,  most  dis- 
tinctly defined  in  the  aquatic  species* 
There  is  here  much  less  confiiskm  arishlg 
from  the  jnnrtion  of  the  ribs  with  each 
other  throughout  their  whole  extent,  than 
there  is  in  the  land  animals  vrhen  tbli 
takes  place. 

Extending  do\\'nward3  from  the  termi- 
nation of  the  ribs  to  join  tiie  plastron  or 
sternum  beneath,  or  the  anterior  shield* 
we  observe  that  these  sternal  rippeii dices 
are  ossified.  In  the  land  animals  the 
sternal  appendices  are  so  eoctensivelf  d»* 
veloped  and  ossif  ed  as  to  tneet  each  other, 
and  to  unite  by  suture — to  meet  the  ends 
of  the  ribs,  and  unite  with  them  by  su- 
tures, and  to  articulate  with  the  parts  of 
the  sternum  also  by  sutures ,  so  that  the 
whole  trunk  of  the  body  is  thus  surround- 
ed by  a  tube  of  solid  bone  in  the  land 

animals. 

Iu  the  aquatic  species,  as  you  can  per- 
ceive by  this  very  large  and  beautiAil 
skeleton  of  the  turtle,  presented  to  me 
by  Dr.  iReilly  of  Bristol,  the  ossification 
has  not  gone  on  to  that  extent,  but  the 
ribs  have  ceased  to  develop  so  nmch  in 
breadth,  before  they  have  reached  the 
sternal  appendices.  The  sternal  appen- 
dices {HH,  k)  arc,  in  the  same  manner, 
thronphont  the  whole  side  of  the  carapace, 
partially  dctaciied  from  the  ribs.  Look- 
ing near  the  pouitof  junction  between  the 
r  ihs  and  the  vertebral  column,  we  obser\'0 
on  the  outer  part  of  the  skeleton  large  ex- 
panded pieces  running  in  a  median  chain, 
from  the  anterior  to  the  posterior  ])art. 
These  expanded  bones  correspond  with 
the  expanded  form  of  the  parietal  bones 
in  the  skull  of  the  aquatic  species.  In  the 
skull  we  observe  that  the  parietal  bones 
ex]>and  laterally,  so  as  to  cover  the  tem- 
poral muscles.  The  parietal  hones  form 
spinous  processes  to  the  cranial  vertebrsc, 
just  as  we  see  that  the  median  or  superior 
portion  of  the  occipital  bone,  is  the  spinous 
process  to  tlie  postprint-  cranial  vertebra?. 
I'hese  develojied  spinous  processes,  there- 
fore, which  we  here  see  extending  back- 
wards alono:  the  whole  median  plane  on 
the  back  of  the  tortoise  and  the  turtle, 
only  constitute  a  repetition  of  that  stmc- 
turc  which  we  have  already  seen  in  the 
skull.  Maturo  wiU  vary  the  forms,  tho 
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nii^itude,  the  pfopDrtion3»  in  every  re-|a(1init«of  motkm  in  the  land  animals-  But 
•pect,  of  elemoiits  wliich  are  common  to !  in  the  aquatic  animals  the  sternal  appen- 


forms  of  uniiiiuls  that  have  vciLc 
teMt  vadier  than  introduce  anything  new 

or  anomalous,  wliich  there  ^vould  l)e  no 


(licca  (UH),  or  sternal  ribs,  are  moveable 
upon  each  other,  and  niton  the  cxtremitiei 

of  th.f  viTtcbral  ribs.    They  join  with  the 


setting  lid  ot,  without  a  conl'used  break, ;  pieces  of  the  sternum  iu  such  a  way,  ait  to 


or  aodden  trandtion  In  her  operations, 

v  liirb  V,  r  nevrr  witness  in  tht-  cnnstruc:- 
tiou  and  development  of  animal  forms — 
an  abrupt  tnatBition  to  Bomething  entirely 
new. 

The  sternal  appendices  thtis  passing 
downwanls  IVotn  tiie  anterior  tcrndnatiou 
of  the  ribs,  meet  with  numerous  bones 
composing  the  l')wcr  shield— the  pffj^ffran 


admit  of  motion  agdn  upon  the  pieces  of 

the  sU.i  ni-.ni.  Nay,  the  pieces  of  the  ster- 
num themselves  \LLt  Fig.  2)  admit  of 
motion  upon  each  other  in  these  aquatie 
species. 

The  sternnm  is  here  a  very  important 
bone  in  the  cheloniau  reptiles,  serving  for 
tlie  attachment  of  the  coracoid  bones  and 
of  numerous  musclcj*,  shielding  anteriorly 


{LL)f  as  it  is  called,  which  covers  ail  the  all  the  most  important  organs  of  the  body, 
XJL  abdominal  surface  of  the  tor-  and  acquiring  such  a  magnitude  in  all  ite 
toise.  That  aljdonilnal  sliield  i  leiuents  thr.t  it  deserves  the  attentive 
is  composed  of  several  pieces,  i  consideration  of  the  anatomist  who  wishes 
88  yon  will  ohsenre  from  this}  to  proeecnte  in  a  philosophic  manner  the 
lari^e  skeleton  of  the  Indian  '  study  of  the  ostec  lo^ry  of  these  animals, 
tortoise — pieces  that  here  all  |  whether  with  regard  to  the  analogies  of 
meet  each  other,  and  unite  by  j  these  bones  in  the  Tertchratefl  tribes»  or 
sutures  (JLL,  Mff,  1)  These  to  the  (existing  forms  of  tortoises  and  tur- 
sntnre^  traverse  it  iu  various '  ties,  with  a  view  to  comprehending  the 

kinds  of  species  which  are  presented 
to  US  in  a  fossilized  state.  The  bones  are 
the  parts  wl(i>  h  are  ]ircscntcd  to  us  in 
the  strata  of  the  earth,  and  not  the  ex- 
terior scales  of  the  internal  soft  parti, 
therefore  the  rnnsrideration  of  these  solid 
parts  is  particularly  interesting,  with  a 
view  even  to  extinct  forms ;  it  conse- 
quently necessary  for  the  sake  of  perspi- 
cuity to  give  distinct  names  to  these  im« 
|x>rtant  elements  that  we  thos  see  se 
largely  tteveloped  in  the  stamMm  of  liia 

part,  an  isolated  median  bone — an  azygusi  Names  have  been  given  to  these  parts 
bone.  \hj  Gbofprot  ST.-HitAias,  which  ex* 

The  bones  which  yon  thus  observe  )  press  their  most  frcqnentrclative  positions, 
covering  the  abdominal  surface  of  the! The  upper  two  pieces  which  bound  the 
tortoise  are  in  contact  with  ^e  eztremi-|  sternum  anteriorly,  placed,  yon  now 
ties  of  the  sternal  appendices,  and  tlu  y  see,  upon  the  other  pieees  of  the  sternum, 
cover  the  whole  surface  of  the  anterior  are  ealled  the  ^^/ermr/ pieces  (ZtL^i^^f.  1, 
part  of  the  bod}'.  They  are  obviously,  :i,  a  a).  Beneath  these  epfstemal  pieces 
therefore,  the  bones  of  the  sternum  that  |  upon  each  side,  continuing  downwards 
have  assumed  this  form,  arrangement^  ond ,  to  about  the  middle  (/t  tlie  sternum  in  the 


dirci  Lions,  so  as  to  isolate,  and 
J  show  the  limits  of,  a  number 
:  of  bones.  They  ^com  to  he 
disposed  for  the  most  part  in 
Iiairs,  for  yon  will  observe 
tliat  there  is  an  n]>])er  p'^ir, 
and  then  there  follow  two 
large  bones  on  each  side 
forming  anoth  er  pair ;  then  there  follows 
a  second  large  pair,  forming  three  pairs ; 
and,  last  of  aU,  they  terminate  with  a  pos- 
terior pair.  Four  f  idts  of  bones,  includ- 
ing however  one  towards  the  anterior 


great  development. 
When  we  compare  these  bones  in  the  land 


land  species,  are  two  large  bones  or  cle- 
monta,  which  have  been  called  hyostemal 


?q>eeie3  of  tortoise  (i/L,  Fig.  1\  \\  ith  those  pieees  [LLy  Fiys.  1,  2,  c  c\  Sin  ronnd^d 
of  the  turtles  {LLtFig.2)  that  inhabit  the  by  these  four  bones  I  have  mentioned, 
sea,  we  observe  tluit  the  number  of  bones  two  upon  eaefa  siile,  you  observe  the  me- 
is  the  same,  although  their  form  difh  i  n  dian  jiioce  completely  cnelosed,  r.nd  it  is 
remarkably  iu  the  two  trilies,  and  they, the  only  piece  which  traverses  the  me- 
diAnr  in  alniost  every  genus.  In  the  land -dian  phne;  it  is  very  well  named  m#o- 
spceies  they  unite  everywhere  by  sutun  s  ^fi'n:r;l  [LL,  Figs.  1,  J,  0  b).  Iieneath  the 
with  each  other,  and  with  the  sternal  two  hyo^terual  pieces,  which  are  large, 
appendices^  so  as  to  admit  d  no  mo-  you  observe  two  other  large  bones ;  these 
tion  whatever.  They  unite  with  the  ster-  are  placed  further  back  than  the  two  hyo- 
nal  appendices  by  sutures,  anfi  those  unite  sternrd  ]»!fi  .-.s;  they  are  the  hyjxutfei'nal 
immoveably  with  the  ribs — tiie  ril)s  with  jncces  J.L,  Fiys.  1,2,  dd).  We  observe 
the  vertebral  colniun,  and  the  vertebra;  the  sternum  to  terminate  behind,  or posto* 
tiumoveably  with  eaeli  other,  so  that  there  riorly,  in  two  pointed  piece?,  wliieh  occupy, 
is  a  solid  chrcle  of  bone,  no  port  of  which  ^therefore,  the  place  ol  the  xiphoid  corti* 
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la^^  in  the  human  stemmn;  those  have  turtle,  yon  obttrve  extending  downwawla 
been  called  the  mpho-ntemal  pieces  {LL^  a  triangular  piece  of  a  lengthened  form  i 
JF%pt.  1, 2, «  «).  They  are  doable,  as  you  I  it  ia  obviomly  the  tmiotierma  piece 

obacrve,  like  the  others,  ^  r  in  ])airs.  Thns  (LL,  Firj.  2,  I).  It  is  partly  surrounded 
nve  have  got  nine  veay  distinct  elements  in  1  by  the  two  epistemal  pieces  that  hang 
theatenimn  of  tbe  cbelonian  reptUes.  We  {over  it,  and  partly  encompassed  by  the 
shail  not  come  to  any  tribe  o{  K\\\nv.\\i^y  vko  hyotternal  piftee»  {LLtFig.2t  cr).  I 
nor  have  we  yet  passsed  through  any  tribe,  i  shall  put  these  detached  pieces  into  their 
where  you  can  more  satisfactorily  study  relative  positions,  before  you,  that  you 
the  eompo«ition  and  the  mechanism  of  the  may  see  exactly  the  figure  which  they 
stertitnn  of  vertebrated  animals  than  in  '  form  and  the  interstices  they  leave  to  bo 
those  V.C  are  now  upon-  I  have  already  |  occupied  by  membrane, 
shown  you  tbote  elements  in  much  larger  i  In  the  turtle,  the  two  hyostemal  piece* 
animals,  bnt  not  nearly  so  distinctly  as  wc  '  (LL,  Fig.  2,  c  c),  in  place  of  meeting  by  su- 
have  them  now  placed  before  us.  Farai- 1  ture  with  each  other  on  the  median  plane» 
Herislng  yourselves,  therefore,  with  the  1  meet  ly  two  pronifaiait  processes ;  so  that 
variou:?  forms  and  the  nairtes  expressive  oi  there  is  a  1,'rcat  interval  between  them, 


those  elements,  you  can  comprehend  the 
dumges  of  liorm  whidi  the  stemam  of 

animals  assumes  much  more  readily  than 
if  you  only  had  in  your  mind  a  ^  aj^ue  con 


covered  only  by  membrane  and  by  the 
moveable  integuments,  and  also  by  the, 

scales  that  cover  the  whole  exterior  of 

the  body.    But  above  they  are  removed 


ceptioii  that  the  sternum  was  an  aggrc- i from  the  cntostcrnal  piece;  they  are  de- 
flate of  numerous  pieces  of  bone  nusym- 1  tached  also  trom  the  two  epistemal  piecei* 
njctrirally  collected  together;  for  if  we  ob-  We  observe  that  the  two  hyo  and  the  t^'o 
serve  the  stenmui  of  the  bird,  wc  find  that  ^  hypostemal  pieces,  unite — the  AjfOttemal 
there  is  anosseous  protection  to  the  anterior  j  {LL,  ee)  with  the  kjfpoaterml  {LL, 

port  of  the  trunk,  which  is  chiefly  com- 1  F/y.  2,  r?  (T'  — by  suttirc  most  frequently. 


poeed  of  one  bone— of  one  element  of  this 
complicated  stemnm,^  the  other  etlem«itB 

being  e\cee(linG;ly  small  in  birds,  and 
placed  around  this  piece.  It  is  the  ento- 
ttimal  piece  that  composes  the  greater 
part  of  the  sternum  in  birds.   The  ento« 

sternal  jyiece  is  the  only  clement  of  the 


even  where  the  rest  of  the  circumference 
of  these  bones  is  the  moat  radiatted  von 

free,  so  as  to  leave  the  largest  space  be- 
tween them  and  around  them  to  be  oc- 
cupied by  soft  membrane,  integumeats, 
and  scales. 
Yon  w  ill  observe,  therefore,  that  in  the 


sternutii  upon  the  median  plane.  It  is  j  two  bones  I  hold  in  my  hand,  the  two 
better  for  the  security  and  streni^th  of  the  hyposternal  bones,  their  upper  margin  Is 
articulation,  to  develop  a  piece  like  this, —  serrated  to  form  a  suture  with  the  bonca 
which  i^  normally,  undivided,  not  sepa-  above,  and  it  is  the  <»ily  margin  which 
nrted  In  the  raiddte  by  sutnre,— thsn  to  |  they  present  thus  serrated.  Thetwohyo- 
(lov  'r:*  {)ipc-es  that  are  always  separated !  sternal  bones  have  their  lower  luarcMn 


on  the  median  plane  bv  sutures  i  for  if  that 
had  been  the  caae  witn  birds,  the  force  of 

their  enormous  pectoral  muscles,  acting 
upon  the  sutures  which  wc  may  suppose 
to  have  (ii\  ided  the  sternum,  would  have 
divided  the  sternum  and  torn  the  body 
open,  in  place  of  forcin;^  down  the  humerus 
fur  the  purpose  of  liight.  These  rela- 
tionj  are  in  theondves  beootiM  adapta- 
tions, and  they  aen-e  to  point  out  a  univer- 
sal truth,  that  there  is  no  part  of  nature- 
no  part  in  the  mechanism  of  airimals,  where 
the  .structure  could  possibly  have  been 
otherwise  than  just  as  it  is  without  being 
defective ;  that  whatever  is  is  iMSt  in  ani- 
mal mechanics. 

In  the  aquatic  species  of  the  chelonia 
wc  find  these  elements  the  ^amc  in  num- 
ber and  in  their  rdatlva  positions,  but  in  ncr 


their  fnr:n  thcv  are  ver>'  different  from 
tllose  of  the  land  tortoises,  in  the  turdcs 
the  two  epistamel  piooes 


serrated,  and  these  ure  their  <mly  margtm 
which  are  thus  serrated— tlm  only  soturea 

or  fixed  articulations  in  the  whole  of  the 
sternum  (LL,Fig.  2)  in  this  aquatic  animal, 
the  turtle.  These  two  hyposternal  plecea 
of  the  turtle  shoot  out  radiations  or  long 
digitatioTis  which  prevent  their  meeting 
by  an  iminoveabic  suture — ami  they  allow 
of  free  motion  by  means  of  the  soft  porta 
that  connect  and  surround  them  except 
upon  the  upper  margin,  where  they  are 
fixed  by  sntnre.  The  two«^/U*#«niaf  pieces 
(LLf  Fig.  2,  e  e)  which  are  so  large  m  tho 
land  animals,  are  in  the  aquatic  species 
narrow,  lengthened,  moveable  bones,  tB« 
pering  to  a  very  small  point,  and  termi- 
nating in  cartilac;inous  extremities  behind. 
Tbc\'  arc  articulated  in  a  moveable  man- 
with  the  two  hyposternal  pieces. 


From  the  loose  attachment  with  ofuH 
other,  and  from  the  imperfect  developaiuuc 
of  these  nine  pieces  of  tho  st^nom  and 


uuitcupon  the  median  plane,  hut  they  taper !  also  the  sternal  ribs,  in  the  aquatic  species 


downwards  upon  each  side  to  a  point 
Between  these  curved  poetionf  m  the 


of  chelonia,  you  perceive  by  what  kind  oS 
mecbaoiMi  ttiey  aao  enabled  to  move  al- 
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together  this  loose  and  diijointed  part  of 
the  paxietes  of  the  abdomen  in  the  act  of 
respiration,  while  the  ribs  themselves  be- 
hind are  perfectly  immoveable. 

Thus  then  we  see  that  the  tortoise  has 
nothing  in  all  this  large  solid  osseous  case 
that  eucompasses  its  body,  which  is  not  in . 
our  own  skeleton,  and  that  of  most  verte-  > 
hrata.    Nature  can  transform  the  outward 
appearance  of  common  elements  of  8truc-  . 
ture  in  a  great  variety  of  ways  to  suit  the 
living  conditions  of  animals,  witbont  onco  | 
deviating  from  a  general  fixed  jdan,  or  rc-  j 
quiring  to  produce  auythiug  new  for  every 
new  circamstance  in  the  living  condition  { 
of  the   spcH'ies.    The  clenients  which  I 
have  been  speaking  of,  in  the  sternum  of  | 
those  animals,  exist  at  an  early  period  | 
even  in  the  human  sternum.    In  the  che- : 
Ionia  these  elements  are  spread  out  late-  j 
rally,  for  the  obvious  reason  as  you  per- 1 
ceive,  to  form  a  shield  over  the  whole  ab- 
dominal surface  of  the  short  and  broad 
trunk  of  their  body  {HH).  In  quadrupeds, 
where  the  trunk  of  the  body  has  a  length- 
ened cylindrical  form,  these  elements  arc 
spun  out  in  a  single  continuous  chain,  and 
you  find  them  not  surrounding  the  ento> 
sternal  piece,  as  in  the  eAeftmso,  and  as  in 
the  birds,  but  placcdin  aoccesslou,  the  one 
behind  the  other. 

Thus  then  we  find  that  the  tortoise  is 
fomewhat  in  the  condition  of  the  inverte- 
brated  tribes  of  animals,  with  its  t^oltdpxo- 
teeting  skeleton  thrown  out  in  great  part 
upon  the  exterior  of  the  musc  les  and  soft  j 
parts;  and  its  intellectual  development, 
as  in  the  invertebrated  tribes,  in  so  low 
Eitag^  and  its  muscular  energy  so  feeble, 
as  to  reqTiire  this  mechanical  protection 
against  the  daugers  which  incessantly 
surround  them. 

This  outward  solid  shield  encompasses 
also  the  bones  of  the  pelvis,  and  it  en- 
compasses completely  the  scapular  bones, 
and  even  the  head  of  the  humerus  and  of 
the  femur.  We  observe,  extending  from  the 
sides  of  the  first  dorsal  vertebra  laterall}-, . 
two  cylindrical  bones  (JIfAf,  Fig.  1,  &  | 
MM        these   cylindrical  hones 
expand  and  enlarge  as. 
they  approach  to  the  head 
of  the  humerus  {HII,  d),  [ 
and  then    direct  their 
course  doN^Tiwards,  and ' 
towards  the  median  plane, ' 
so  that  they  touch  and 
uuite  internally  with  a, 
prominent  crest  of  the; 
entosternal  piece  on  the 
inner  surface.  The  bones 
that  thus  pasa  outwards 
towards  the  head  of  the ' 
hmncrus,  from  the  side  of  the  vertebral 
u>lumu,  iroia  the  »ides  of  the  anterior  dor- 


sal vertebra,  you  understand  by  that  very 
description,  must  he  the  two  scapula  (HH, 
a  a  ;  Fig.  1,  b  b).    That  is  their  or- 

dinary position  in  the  vertebrata,  whether 
in  the  interior  or  on  the  exterior  of  the 
ribs  ;    but  they  terminate  in  a  bone  (////, 

0  b',  MMf  Fig.  1,  a  a)  continuous  with 
themselves,  which  shoots  downwards  to 
be  attaclu'(l  to  the  entosternal  piece.  E.X» 
tending  downwards  from  the  scapula  is 
this  bone,  which  is  attached  by  articu- 
lating cartilage  and  ligaments  to  the  ster- 
num ;  it  is  a  i>roce8S  of  the  scapula,  and 
must  therefore  be  the  coracoid  process,  or 
the  coracoid  bone.  We  have  generally 
called  it  the  coracoid  hone,  and  not  the 
coracoid  procesm,  because  of  its  import- 
ance, its  magnitude,  and  its  being  so  fre- 
quently a  detached  bone  in  the  lower 
tribes  of  vertebrata ;  but  we  know  how 
insignificant  a  process  it  is,  where  it  is 
lea.st  rc(iuircd  in  man  and  in  the  mam- 
malia, it  is  an  enormous  bone,  fnr  ex- 
ceeding in  magnitude  and  importuuce  the 
whole  of  the  scapula,  in  the  class  of  birds. 

I  hold  these  two  scapular  bones  by  two 
extended  tiat pieces  {MM,Fiy.ltCe),  which 
arc  detached  from  the  other  two  bones  that 

1  have  mentioned,  distinctly  by  a  suture. 
They  enter  also  into  the  formation  of  the 
glenoid  cavity  for  the  head  of  the  hu- 
merus. They  are  connected  with  the 
scapula ;  they  are  articulated  to,  but  not 
anchylosed.to,  the  scapula.  Passing  from 
the  scapula  towards  the  median  plane,  we 
see  these  detached  bones  to  be  distinctlj' 
analogous  to  the  two  clavicles  (///i,  cc; 
MM,  Fig.  1,  cc).  In  the  turtle,  and  in  the 
other  a([uatic  chelonia,  they  extend  con- 
sidera])ly  towards  the  jwsterior  part  of  the 
body.  Tims  we  have  in  this  scapular  ap- 
paratus the  ordinary  three  hones  of  the 
shoulder,  and  as  tisual  they  all  contribute 
to  form  the  glenoid  cavity.  The  clavicles 
have  here  much  more  the  broad  and  flat 
form  of  scapulae  generally  than  actually  the 
two  scapular  bones  theuiselves,  wliicli  are 
more  like  clavicles  in  their  long,  narrow, 
cylindrical  form,  but  all  the  connexions 
and  uses  of  tliese  tln  ee  bones  forming  the 
scapular  arch  of  the  clieUmia  point  out 
their  true  nature  and  their  analogies. 

\Vc  observe  attached  to  the  sides  of  the 
sacrum,  which  is  slightly  moveable  upon 
the  rest  of  the  vertebral  column  in  the 
chelonia  (the  sacrum  playing  upon  the 
last  fixed  dorsal  vertebra  l)y  a  ball-aud- 
socket  joint) — we  observe,  extending  out- 
wards and  downwards,  two  cylindrical 
bones  (////,  / ;  MM,  Fig.  2,  h  h]  from  the 
aide  of  the  ttacrum  {MM,  Fitj.  2,  to 
which  they  are  attached  by  a  cartilaginous 
union.  We  have  thus  obvionriy  the  two 
iliac  bones  in  their  ordinary  position. 
These  iliac  bones  we  pbserve  e.\tcndii>if 
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forward  to  the  cotyloid  cavity.  Or.  looking 
into  the  cotyloid  cavity  {MM,  Fig.  2,  d), 
^tn  distinctly  perceive  it  is  formed  by  the 
jttnetkm  of  three  bones,  the  lines  of  sepa- 
ration of  wliich  arc  particularly  obvious, 
traversing  this  cavity.  One  of  these  boueii 
(MM,  Fig.  2,  c  c),  forming  part  of  the  co- 
tyloid cavity  (MM,  Fig.  2,  d),  extends  for- 
"wards,  and  meets  with  the  other  of  the 
opposite  side  on  the  median  ])laiic,  where 
it  tonchet  the  inner  surface  of  the  Htcrnum ; 
these  arc  the  two  onm  irh'd  {HH,  m , 
MM,  F^,  2,  c  c).  The  other  free,  ex- 
panded 1  tones  {MM,  Fig.  2«  a  a)  meeting 
anteriorly,  i^tiierally  concave  atiteriorly, 
convex  inwards,  are  the  ordinary  w*cr pubis 
in  their  normal  position,  with  relation  to 
the  other  bones  of  the  pelvis.  Tls  ih  we  have 
the  pclvig  of thcfc  sinijniar  animals,  though 
placed  within  the  ribs  and  sternum,  com- 
posed of  the  ordinary  three  bones,  the  omo 
tKchii,  the  iliac  bonett,  and  the  jjuhir  Iioncs. 

Rising  upwards  from  tiie  anterior  mar- 
of  the  pnbic  honen,  you  observe  two 
kingr  expanded  processes.  1  now  hold 
these  specimen-  ^^•  those  ])roccsseM.  These, 
you  perceive,  arc  iu  the  position  of  the 
detached  mai-supial  l  anes.  There  are 
detached  bones  in  th:it  p'.>3iiicn  in  croco- 
diles, and  in  marsupial  and  mouotrcma- 
tons  quadrupeds. 

The  humenis  {HH,  d)  is  u;eiieially  a 
very  strong  bone,  both  in  the  land  ani- 
inaU  and  iu  the  aquatic  species.  In  the 
land  animals  it  has  a  twisted  form,  i^nving 
a  greater  ranc^e  of  motion  to  the  hiiiuls. 
and  by  which  the  animal,  when  thrown 
accidentally  upon  its  back  and  extending 
the  arr)is  huekward'  towards  the  c;rnnii(h 
is  enabled  more  easily  to  reacti  it.  Were 
the  humerus  not  thus  bent  in  the  land 
tortoise,  it  vronld  often  perish  from  the 
want  of  the  mef.ns  of  turning  itself  o\cr 
upon  its  abdominal  surface.  Were  you 
not  to  9ee  the  animal  in  the  act  of  em- 
ploying in  v  arious  ways  thi'?  twi^tc  fl  hu- 
merus, you  luij^ht  think  its  bent  form  was 
the  resnlt  of  rickets,  mollitles  ossimn,  or 
some  other  disease.  It  is  a  very  Inr^'c  bone 
in  the  aquatic  species,  nmch  larger  than 
the  femur,  because  the  arms  in  the  aquatic 
species  are  much  larger  than  the  legs,  and 
more  powerful  :;u(l  i:iii)ortant  i?ietuhL';> 
for  the  motions  of  swinuuing.  The  radms 
and  the  ulna  arc  placed  widely  apart,  and 
a/hnit  r  f  vei  y  little  pronation  r.iul  snpina- 
nution  in  any  of  the  species.  The  arm^ 
arc  fixed  in  the  tortoise  in  a  state  of  i>ro- 
nation,  to  strengthen  the  in  for  the  sup- 
port of  the  heavy  trun?:.  The  whole  of 
the  bonets  of  tiie  carpus  arcconlinetl  iii  the 
land  species  to  a  narrow  s]iaoe,  and  have 
mostly  a  com])resserl  form  and  very  limit- 
ed motion,  in  ihc  land  species  they  aie 
more  compressed  and  fisc<l,  audform  more 


secure  articulations  than  in  fhd  aqna^ 

species,  which  require  more  free  motion. 
The  bones  of  the  carpus  (HH,  g)  in  the 
bands  of  the  turtle,  by  their  expanded 

form,  conti  ihute  to  make  tlic  hand  more 
iu  the  form  of  a  flat  fin  for  swimming 
through  the  sea.  The  land  animals  are 
remaikal)]e  ;or  their  short  trunkated 
hands  and  feet,- the  t^-reat  strctif^th  of  the 
bones  of  their  anterior  and  posterior  ex- 
tremities, and  their  little  mobiUty.  They 
are  the  more  cajiahle,  however,  like  the 
legs  of  the  huge  eicpbaats,  of  resisting 
enormotis  pressure;  they  are  capable  of 
digging  against  great  and  solid  resistance, 
ami  matiy  of  those  animals  we  know  to 
burrow  iu  the  eai  th;  they  have  to  support 
their  own  massive  carcass,  and  sometimes 
the  trampling  of  heavy  herbivoroiis  qua* 
dnipeds. 

The  femur  (HHy  m)  is  a  very  strong 

and  short  l>one,  very  hroad  at  its  upper 
ami  lower  part  w  here  it  expands  in  the 
tortoise.  It  is  a  shorter  bone  than  the 
humerus,  both  in  the  land  and  the  aquatic 
species.  Formed  like  t)to  fcnmr  of  qua. 
drupeds,  it  has  a  large  di^imtL  headj  the 
neck  vety  distinct,  though  short,  the  tro- 
thanier  major  asccn(Hng  higher  than  tho 
head  of  the  femur,  as  you  know  to  be  com- 
mon in  the  quadrupeds.  like  the  other 
hmg  bones  of  the  chelouia,  it  has  a  spongy 
cancellated  intenial  stmcture  throughout 
its  whole  extent,  and  has  no  distinct  ca- 
vity in  its  tr.iildle  part  for  containing  mar- 
low;  this  is  the  common  internal  structure 
of  the  long  liones  of  rc[)tilcs.  The  tibia 
and  fibula  {HH^  »  o)  are  nnited  in  such 
a  maiincr  as  to  admit  of  littlo  rotation  or 
supiuatiou  either  upon  the  femur  or  the 
astragaiuff. 

The  astragalus  which  supports  these 
lionc:^  is  a  large  bone,  because  of  the  pres- 
siiic  and  the  resistance  wliich  it  often  has 
to  cj)pose.  The  bones  of  llic  tarsus,  like 
those  of  the  carjms  in  the  land  animals, 
occupy  but  a  small  space  in  the  very  short 
club-shaped  or  truncated  foot,  and  are  com" 
pressed  in  their  form.  Tlie  metacarpal 
l)ones  and  the  phalanges  of  the  fingers  are 
short  in  the  land  animala,  but  of  a  very 
k  ]  I  <  1  form  in  the  aquatic  {HH,  h) . 
riie  ])!'.ulanges  are  much  less  developed 
in  the  posterior  exlremities  than  on  the 
anterior,  which  are  the  organs  chiefly  em- 
ployed in  swimmiufr,  cr  which  give  most 
as'«i-tan(  e  iu  inogressive  motion  in  the 
acp  aiij  species,  whCTCin  thi  y  approach  in 
structure  to  the  hands  of  the  cetaceous 
masnnir^lia. 

W  e  hav  e  thus  the  same  osseous  elements 
in  the  skeletons  of  these  chelonian  reptiles 
which  we  have  in  the  other  orders  of  rep- 
tiles, but  developed  in  such  a  manner  as  to 
present  an  outward  axipearance  vety  dif* 
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fercnt  from  tTiat  which  we  see  in  any 
other  cold-blooded  animal,  or  in  any  other 
vertelmited  animaL  We  fee  modifica- 
tions introduced  by  the  imperfect  or  ex- 
cessive development  of  certain  elements  of 
■tructure  >vbich  afiect  in  an  important 
nanner,  not  only  the  outward  form  of  the 
¥rhole  body,  but  the  kinds  of  motions  of 
tbe  skeleton!  and  the  most  important  func- 
tions and  living  habite  of  the  species 


elements  of  hones  whfch  we  have  hitherto 
looked  upon  in  the  lowest  classes  of  verte- 
brata  as  distinct,  perfectly  moveaUeboBsi^ 

find  even  hut  loosely  meeting  each  other, 
shall  in  the  class  of  quadrupeds  and  in  the 
human  skull  be  aggregated  together  aiS 
cording  to  certain  regular  and  definite 

and  that  those  aggregates  shall  com- 
pojic  ahnost  invariably  the  same  groups 
wliich  we  designate  in  our  own  skeleton 


Thus,  Then,  'sVc  hnvc  concluded  what  re-  [  ))y  the  names  of  shigle  bone?.  ^\'e  almost 
lates  to  the  skeletons  of  the  cold-blooded  |  lurgct  when  we  are  using,  in  reference  to 
Terlebmted  animals.  We  have  still  seen  quadrupeds  and  tbe  bnman  slcull,  sncb 
throughout  these  skeletons,  even  of  the  j  hmguaixc  as  the  tonijioral  bone,  the  occi- 
tortoises  and  the  turtles,  that  the  bones,  m  pitai  bone,  the  sphenoid  bone,  the  frontal 
in  the  inferior  classes,  have  a  lar^e  pro  •  bone,  and  so  on,  that  we  are  speaking  (rf 
portion  of  animal  matter  in  theix  com-  numerous  aggregated  bones  that  have, 
position;  that  they  have  a  coarse  fibrot:^  aftrv  a  long  series  of  changes  and  dcve- 


texture;  that  they  have  not  yet  cavi- 
ties developed  vritbin,  continuons  tubu- 

lr>r  ranals,  eitlier  for  marrow  or  for  atmo- 
spheric air,  but  possess  only  a  unil'orm 
spongy  texture  througbout  tfaeir  wbole 
^terior  sul»tance.  These  are  analogies 
which  they  present  with  the  ear1i<^r  <  on- 


iopinents,  come  at  last  to  be  united  only  in 
tbe  bigbest  forms  of  vertebrated  animals, 

according  to  definite  though  unexplained 
laws>  and  in  determinate  portions  of  the 
skdetmi.  And  examiuingwithtbeminiitest 
scrutiny  the  forms  and  the  conditions  of 
the  osseoTts  elements  of  the  oldest  vertc- 


dition  of  human  bones  before  tlie  cavities  i  bratcd  skeleton!?,  cmhahned  for  our  con- 
fer the  marrow  are  formed  in  our  bones,  templation  in  ancient  secondasy  strata, 
We  still  observe  that  the  elements  of  the!  we  ^tf^  not  onlv  that  the?p  laws  are  imi- 


various  bones,  or  the  centres  of  ossification, 
cratiRiie  to  be  permsnentiy  detached,  but 


form  in  all  tbe  varieties  of  organi^^ation, 
but  that  tbey  have  continued  invariable 


there  is  an  obvious  ajjproaeh  towards  from  the  fust  dL-velojjment  of  vertchrated 
their  complete  union  and  anchylosis, !  animals  upon  the  earth,  like  the  laws 
which  takes  place  always  in  higher  classes. 'which  regulate  the  motions  of  the  earth 
We  cannot  look  at  this  solid  osseous  shield  ■  itself,  and  all  the  pbenomeiut  of  tbe  WMf 
covering  the  head  of  the  turtle,  and  con-  terial  woiid* 
trast  it  witb  the  moveable  bones  which 
we  see  composing  tbe  beads  of  serpents 
and  lizards,  without  perceiving  an  ob- 
vious and  near  approach  towards  the  for< 
nation  of  a  solid  ancbylosed  arcb  over  tbe 
w  hole  of  the  upper  part  of  the  head.  That 


CASES  or 

PUERPERAL  CONVULSIONS. 


Thovoh  tbe  nature  and  treatment  of 


is  what  we  meet  with  in  its  most  perfect '%  J*  Symondr,  E/:q.,  Surgeon  to  (he 
degree  in  the  next  class  of  animals — the  Ou/ord  Medical  Uispetuary,  <3fc. 

class  of  birds.  We  even  observe  in  the 
fixed  condition,  by  means  of  siitnrc  of  the 

tympanic  element  of  the  temporal  bone ,  ,         ,  .  t  ,    , .  . 

fethecrocodileeandcbelonia,anapproach:l'"^n'eral  convulsions  are.  I  should  hope, 

towards  the  union  hv  anchylosis  of  all '  P/"*''t7„Senerally  understood,  yet  perhaps 
the  elements  of  the  temporal  bone,  for  the  followmg  conmiuniculKm  on  the  sub- 
next  step  to  be  effected  by  the  progress  of  i  ^  *****  ^9  altogether  c.evoid  of  nite- 
ossification  wouldbetoimite  the  tympanic  mstructiou  to  such  of  the  read- 


element  with  the  squamous,  the  sqimmous 
with  tbe  mastoid,  and  the  tympanic  with 
the  petrous  portion,  and  then  we  should 
bare  the  anchylosis  of  all  the  elements,  as 
in  the  human  temporal  bone,  and  so  with 
other  parts  <^  the  vertebral  column,  and 
other  parts  of  the  skeleton. 

Thus  there  is  a  transition  through  these 
cold-blooded  animals  to  that  system  of 
anchylosis  of  osseous  elements,  the  laws  of 
which  are  so  mysterious  and  so  incompre- 
hensible. Ii  is  a  phcnomcuon — unex- 
plained in  the  bnman  skull,  and  in  tiie 
■kttUi  of  qiuMfanipeds,— that  tiio«e  detached 


ers  of  The  Lancet,  as  have  not  had  an 
opportunity  of  becoming  practically  ao* 
quaintcd  with  this  fcai-ful  malady.  1  sliall 
first  ^ve  a  brief  recital  of  four  cases  wliich 
termmated  Avourably  under  the  treatment 
adopted  in  each,  and  then  I  shall  subjoin 
a  few  general  obtervationa  of  a  practical 

Ca»z  1. — Of  the  particulars  of  this 
case,  which  ocairred  upwards  of  twenty 
years  ago,  I  have  unfortunately  lost  the 
memoranda,  but  I  have  a  very  lively  re- 
collection of  the  principal  circvmslaneet 
connected  with  it. 
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LECTURE  XVin. 
ON  THK  OSTEOTX)OY  OF  BIRDS. 

In  the  texture  and  composition  of  the 
Ibonet,  the  clam  of  birils  has  arrived  at  the 

inaximum  of  development  known  in  the  i 
animal  kingdom.  We  Tiave  seen,  from  the  f 
lowest  of  the  cartila^inoiis  ti:;>hes,  the  bones 
gaining^  in  the  proportion  of  their  solid 
parts,  and  conscqnently  diininishinf;  in 
the  proportion  of  thcii*  animal  matter.  We 
have  observed,  however,  that  In  all  the 
t  old-blooded  vertebrated  animals  tlu'  bones  ' 
have  a  cor.rse  fibrous  stnictnre,  tlje  tex- '. 
tore  of  which  is  easily  seen  upon  niacerat-  j 
Sng  the  bones,  and  removing  a  part  of  the  | 
animal  mjitter.    The  most  compact  of  all ' 
textures  C.I  the  bones  is  found  in  the  ani- ! 
nahiof  this  class.  The  skeleton  of  birds  I 
15  composed  of  ])iece3  tJiat  r.ri'  oxc  eudin^ly  ' 
dense  in  their  texture,  white,  com])act,  ■ 
and  brittle   Tiicse  pit;cps  contain  much  j 
less  of  the;  cartilaginous  and  gelatinous 
animal  ma  tter  in  proportion  tn  tlie  f^cjlhl 
earthy  pa  rts.   The  parictes  of  the  long 
hones  are  much  thinner,  their  internal ; 
cavities  k  re  much  greater,  and  the  elc-  ' 
meats  of  all  the  complex  bones  are  an- 
cbylosed  together,  to  a  ninch  gi'eater  ex*  ! 
tent  than  in  any  other  kind  of  vertcbratcil 
Attinials.    This  high  development  of  the  ' 

No.  d^d'.  ' 


bones  of  birds  appears  to  be  dependent  on 
the  great  extent  of  theirrespiration,  and  the 

coiK^oqiicnt  high  temperature  of  the  blood, 
to  the  energy  thus  conimnnientcd  to  th«>ir 
muscular,  to  their  circulating,  and  to  ail 
their  systems.  We  find  this  increased 
energy  of  all  their  functions  strikingly 
manifested  in  the  rapid  ossification  and 
anchylosis  of  the  bones,  and  the  extent  to 
which  the  ossification  has  gone  through 
parts  that  in  other  animals  are  not  ossi- 
fied. Here  we  find  that  the  bones  them- 
selves are  light  and  compact  air-tubes, — 
condensing  syringes  for  the  air  that  is 
forced  into  them  during  the  rapid  descent 
of  the  bhcds  through  the  atmosphere  to 
])0unce  npon  their  prey,  or  to  escape  from 
danger  when  pursued  by  stronger  species. 

But  the  hones  of  birds  begin,  in  all  the 
species,  tbe  march  of  their  development^ 
like  the  bones  of  reptil'^s.  When  the  ca- 
^^tiesare  first  formed  ui  their  bones,  those 
cavities  are  filled  in  all  birds  with  a  thin  so- 
rors  fluid.  That  marrow,  as  we  ascend  from 
the  heavy  swimming  aquatic  birds  to  the 
rapacious  birds,  becomes  less  and  less  ia 
qnantity  throughout  the  skeleton ;  the  air 
displaces  it,  and  supplies  its  place  as  it  is 
gradually  absorbed  ;  so  that  in  the  rapa- 
cious and  all  tbe  powerful  flying  birds,  the 
bones  serve  as  organs  of  rcsj)iration  ;  and 
if  you  break  the  humerus  of  such  a  bird  and 
tie  Its  trachea,  it  will  breathe  through  tbe 
Innnorns,  drawing  air  t.hruugli  that  passage 
into  the  iimgs,  atid  expelling  it  in  expi- 
ration through  the  same  bone.  But  wc 
see  the  same  differences  in  tbe  extent  of  the 
aeration  of  the  bone?,  as  occur  in  the  va- 
rious orders  of  birds— from  the  aquatic  to 
the  raptorial  species—in  watching  the  ra» 
]);ie;ous  }:'ird:-!  tliemsclves  from  their  in- 
fancy to  their  adidt  state.  Their  hones 
were  at  first  like  those  of  the  heavy  aqua- 
tic birds,  destined  never  to  soar  aloft  into 
the  ntn»03phere;  and  from  that  condition 
of  their  bones  we  find  them  gradually  ai- 
riring  at  that  light  and  airy  stractute 
which  they  exhibit  in  the  adnlt  state 
when  they  become  thin  pellucid  air-tubes 
without  internal  canedli,  and  traversed 
only  at  their  extrMnitles  by  osseous  Ala* 
meats. 
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The  modiflGfttiooi  which  we  tee  most 
zemarkaUe  in  the  •keteton  of  bir^  i^^)} 

mr 


are  connected  as  in  all  other  skeletons 
with  the  living  exigencies  and  habits  of  the 
animals.  The  arms  of  birds  are  neither 
destined  to  seire  aa  fins  for  swimming, 

nor  are  they  organs  of  prehension,  nor 
pillars  of  support  on  the  f^roiind,  hut  they 
are  constructed  aa  light  wiugs,  to  cai  ry  the 
birds  through  the  liquid  air,  add  they  are 
organised  solely  for  that  use.  But  the 
food  of  birds  is  most  frequently  on  the 
ground  or  in  the  water  $  in  taking  that 
food,  then,  they  can  derive  no  assistance 
in  prehension,  no  support  for  the  trunk 
from  the  arms.  They  rest,  like  other 
animalty  upon  the  ground,  and  their  mo- 
tions upon  the  ground  are  etfected,  not  by 
the  arms,  but  ti^ough  the  medium  of  the 
legs  alone.  Thus  we  find,  that  in  order  to 
poise  the  whole  trunk  of  the  bird  upon  its 
base,  formed  solely  by  the  sacral  extremi- 
ties, with  their  lengthened  radiatmg  toes, 
the  trunk  mnst  be  highly  hiclined,  and 
does  not  assume  that  liori/ftntril  T>osi- 
tion  which  we  see  it  to  have  m  quadru- 
peds»  where  It  has  four  distant  pUlars  <^ 
support,  or  in  fishes  where  it  is  every- 
where poised  by  the  dense  medium  through 
.  which  they  cut  their  way.  We  find  from 
this,  that  the  cot^oid  cavity  for  the  at- 
tarhinent  of  the  leE!-«  in  birds,  is  phiced  far 
forwai'ds  upon  the  ti mik,  and  that  their 
pdvic  regicm  extends  far  backwards  be- 
hind the  lee;*:,  compared  with  the  position 
of  those  ports  in  mammalia  or  in  icptiles, 
which  move  horizontally  on  aU-fonrs.  As 
the  trunk  is  thus  raised  obliquely  upwards 
in  birds,  as  in  quadrumaoous  roamma* 


lia,  in  order  to  be  balanced  entiidjr 

on  the  sacral  extremities,  and  they  have 
not  the  mean«i  of  iiupporting  it  in  the  ho- 
rizontal position,  or  bent  downwards  to 
the  ground,  they  require  to  have  the  neck 
lengthened,  which  is  a  light  part  of  the 
body,  and  scr\'es  them  as  arms  and  hands 
for  prehensile  purposes;  and  in  propor* 
tion  to  the  lent?th  of  the  legs  which  raise 
up  the  trunk  from  the  ground,  do  we  ne- 
cessarily find  the  neck  lengthened,  to  com- 
pensate for  the  lengthening  of  the  legs. 
This  particularly  is  tlie  case  in  land  birds. 
The  aquatic  birds,  having  their  legs  con- 
structed more  for  swimming  than  for 
standiiifj;,  are  governed  in  that  by  different 
laws.  The  short  and  strong  legs  of  the 
aquatic  birds,  placed  fax  backwards  to 
strike  tiie  water  with  most  effect,  are  ac- 
companied, and  generally  must  be  ac- 
companied, by  a  lengthened  neck,  to  reach 
and  to  seek  their  food  tn  the  mud  at  some 
distanr  o  lirneath  the  surface  of  the  writer. 

Here  then  we  observe  the  reason  of  tiiis 
first  important  modifloation  of  form  intro- 
duced into  the  skeleton  of  birds— >tiie 
placing  of  the  trunk  far  backwards 
upon  the  vertebral  column,  or,  in  other 
words,  lengttiening  the  neck  and  increaa- 
int;  the  number  of  the  cervical  vertebrrc. 
Thus  they  form  a  striking  contrast  with 
the  form  <rf  the  skeleton  in  those  aqoatic 
animals  which  swim  by  the  motions  of 
their  tail.  In  fishes,  in  amphibia,  parti- 
cularly such  as  never  tpnt  tiie  water,  and 
in  the  cetaceous  animals,  the  ribbed 
part  of  the  trunk,  the  fixed  part  of  the 
vertebral  column,— is  placed  far  forward, 
and  the  rest  of  the  oiltunn'is  free  for  ex- 
tensive motion. 

In  birds  we  observe  that  the  elements, 
the  centres  of  ossification,  of  the  bones, 
very  early  make  their  appearance,  very 
early  approach  each  other,  and  early  an- 
cbylosc,  and  this  to  an  extent  which  is 
not  eqtudled  in  any  other  dass  of  animals. 
We  observe  this  rapid  ossification  and 
anchylosis  to  aficct  not  only  the  bones  of 
the  skull,  but  also  the  whole  of  the  bones 
of  the  pelvis,  the  lower  jaw,  the  scapular 
arch  and  chmcles,  the  sternum,  and  the 
vertebral  column  itseli'j  and  many  of  the 
toidons  and  cartilages  of  the  body  be- 
come ossified  — as  the  sternocostal  carti- 
lages or  sternal  ribs.  We  see  this  tend- 
ency to  ossification  even  in  the  tendons  of 
the  muscles  of  the  legs,  in  the  formation 
of  the  osseous  lamina*,  placed  around  the 
transparent  cornea  of  the  eye,  and  in  the 
ossification  of  the  rings  the  trachea  and 
the  inferior  larynx. 

The  parts  of  the  vertebral  column  which 
admit  of  motion  in  birds  are  the  neck  and 
the  tail ;  the  trunk  is  almost  as  fixed  as 
that  of  a  tortoise,  to  give  strength  to  th^ 
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muscles  employed  in  flight ;  and  the  neck 
(NN,  a),  which  ig  the  only  arm  of  the 
birds,  is  as  pliant  as  the  spine  of  a  ser- 
pent. Nearly  half  the  vpi  t(  })ral  column  is 
ancbylosed  to  form  a  sacrum  {NN,  f), 
vhich  givM  <^  rilM  like  the  detached  dorw 
tal  vertebra?. 

The  eervical  vertebrae  of  birds  are  arti- 
onlated  with  each  other  in  such  a  manner 
that  the  upper  part  of  the  neck  inclines 
forward,  and  the  lower  part  inclines  back- 
ward, so  that  the  birds  have  generally  that 
graceful  curvature— that  sigmoid  flexure  — 
which  you  see  so  beautiful  in  the  swans, 
in  the  (lelicans,  and  iu  other  long-necked, 
aquatic  birds.  That  is  diiefly  dependent 
upon  the  direction  of  the  articular  pro- 
cesses (OQ,M  A)  of  the  cervical  vertebrse, 

00 


far  the  vertebne  here,  as  in  the  lower 
classes  which  we  have  considered,  are 
united  with  each  other  by  articular  sur- 
fiaces  lubricated  by  synovia.  We  have  not 
yet  come  to  animals  where  the  1)odies  of 
the  vertebne  meet  byflat  Surfaces,  between 
which  is  placed  a  sd^  elastic,  fibro-carti- 1 
laginous  substance.  The  bodies  of  the 
cervical  vertebraj  in  birds  meet  each  Other, 
are  articulated  with  each  other,  and  play 
freely  over  each  other.  The  lower  part 
of  the  body  of  tlie  vertebra  (00,  u  «)  ter- 
minates in  a  transverse,  grooved,  and  pro- 
minent arch,  which  plays  upon  a  trans- 
verse concave  and  rounded  arch,  termi- 
nating the  upper  part  of  the  body  of  the 
next  succeeding  vertebra.  That  trans- 
verse direction  observcil  in  the  develop- 
ment of  the  body  of  the  vertebra  reminds 
us  of  what  wc  see  in  the  saurian  reptiles, 
in  the  lizard  tribes,  and  in  most  of  the 
amriaa  reptiles  that  have  the  oe  quadra- 
twn  inovealde* 


The  processes  proceeding  from  these 
vertebrae  in  birds,  particularly  the  tfeat* 
verse  processes  (00,  //),  are  strong  bnl; 
short ;  they  allow  of  great  extent  ot  mo- 
tion, and  give  a  broad  sur&ce  for  the  at- 
tachment ci  the  musdee  that  move  the 
neck.  They  give  passage  to  a  very  wide 
foramen  on  each  side  for  the  vertebral 
arteries  and  nerves.  There  are  no  length- 
ned  spinous  processes  on  the  anterior 
portion  of  the  neck  {NN,  to  impede 
the  motion  of  the  neck  backwards,  but 
the  transverse  processes  are  of  great 
thickness,  and  contain  large  foramina 
for  the  transmission  of  the  cervical  por- 
tion of  ^e  sympathetic  nerves  on  each 
side,  and  the  vertebral  arteries,  so  large 
and  long  in  birds.  These  lateral  canals 
for  the  vertebral  arteries  and  nerves  are 
almost  prolonged  from  one  vertebra  to  an- 
other, by  the  continuations  of  the  trans- 
verse processes  tapering  backwards  (00,  g 
ggg).  In  theM  sections  of  the  cervical  ver- 
tebne {PP)  we  perceive  another  illustra- 
pp      tion  of  what  we  have  already 

t often  seen,  that  the  foramen 
for  the  transmission  of  the 
spinal  marrow  is  dilated  both 
above  and  below,  in  the  direc- 
tion in  which  the  greatest 
motion  is  admitted,  so  that 
>  neither  the  enclosed  spinal 
marrow  nor  the  symmetrical 
nerves  which  are  entering;  it 
are  exposed  to  injury  from 
the  extensive  motions  of  these  enveloping 
rings.  This  we  find  most  mailced  in  ^ose 
animals,  as  serpents,  which  admit  of  exten- 
sive motions  between  their  vertebne,  and 
in  those  parts  of  the  column  of  most  ver- 
tebrata  where  the  greatest  motion  Is  ad- 
mitted, and  where  such  motions  are  most 
liiccly  to  affect  the  enclosed  parts  of  the 
nervous  system,  as  in  the  cervical  ver- 
tebra; of  long-neckod  animals.  In  the 
middle  of  the  foramen  of  the  vertebra 
{PPj  b)  the  diameter  is  least;  at  the  upper 
and  lower  extremities  of  the  foramen 
!  {PP,  a'^  it  wide  and  funnel-shaped.  The 
cellular  texture,  even  of  the  interior  of  the 
vertebrse  for  the  admission  of  air,  is  also 
scon  in  these  sections  of  tlie  eervical  VOT- 
tcbrsp,  especially  of  rap£iciou8  birds. 

There  is  not  thatunubrmityinthenmn- 
ber  of  cervical  vertebra?  in  birds  which  if 
so  remarkable  in  mammalia.  There  are  al- 
ways more  vertebrae  in  the  neck  of  birds 
than  in  that  of  quadrupeds,  and  the  num- 
ber i>*  sometimes  more  than  triple  that  of 
(piadrupcds,  as  iu  the  swan,  which  has 
twenty-two. 

I The  cen*ical  and  the  coccygeal  verte- 
bra? of  birds,  as  in  tortoises  and  turtles, 
are  the  only  moveable  parts  of  the  column. 
Tlw  dorsal  vertebne  {NN^  e)  are  impeded 
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in  their  motions  by  every  means,  except 
hy  ftctoal  anchylosis,  for  we  find  that  the 
spinous  processes  are  developed  forwai  il< 
and  backwards  to  such  an  extent  that  they 
come  almost  into  contact  with  each  other 
lidbre  and  behind.  Their  transverse  pro- 
cesses are  developed  so  much  forwards 
and  backwards  that  they  also  come  into 
eoDtaet  with  each  other,  frequently  pass 
over  each  other,  and  impede  all  lateral 
motion  in  this  region  of  the  vertebral 
column.  Spinous  processes  produced  by 
the  compressefl  carinato<l  form  of  the 
bodies  of  the  vertebrae,  we  frequently  find 
passing  downwards  from  the  inferior 
part  m  the  bodiea  of  the  dorsal  ver- 
tebrae. Every  means  arc  taken  to  con- 
solidate the  trunk  of  birds,  to  surround 
it  with  solid  and  immoveable  parts,  to 
give  fixed  ])oints  of  attachment  to  the 
muscles  of  flight ;  and  this  is  one  of  the 
means  employed  to  give  this  fixed  charac- 
ter to  the  trunk.  But  the  dorsal  vertebrae 
are  also  frequently  anchylosed  like  the 
lumbar  and  sacral.  The  lumbar  vertebrae, 
or  the  vertdnw  analogmia  to  them,  are 
anchylosed  with  each  other,  and  to  the 
sacral.  The  sacral  vertohne  (AW,/*)  are 
more  numerous  than  in  any  other  class, 
and  they  are  all  anchylosed ;  ^ey  are  an- 
chylosed also  to  the  iliac  bones.  We  ob- 
serve that  the  iliac  bones  shoot  upwards 
alongr  the  tides  of  the  vertebral  colomn, 
liecoiiiing  anchylosed  to  the  spinous  pro- 
cesses, and  to  the  transverse  processes,  of 
many  of  the  vertebree,  to  a  considerable 
distance  forwards  upon  the  tnmk,  and 
downwards  to  the  commencement  of  the 
moveable  coccygeal  vertebne. 

Looking  at  the  interior  of  the  pdvis  we 
generally  observe  that  ribs  arc  developed 
irom  the  sides  of  the  fixed  and  anchylosed 
vertebrae,  far  posterior  to  the  commence- 
ment of  the  two  iliac  hones,  lo  tiiat 
the  iliac  bones  shoot  np  over  a  con- 
siderable number  of  what  might  therefore 
be  considered  as  dorsal  vertebrae,— yer- 
tebrac  that  give  attachment  to  the  rib?, 
as  you  see  in  the  eagle,  in  the  swan, 
and  other  ikeietoni  before  yon.  In  the 
intervals  between  the  transverse  processes 
of  the  sacral  vertebrje  are  contained  the 
numerous  lohuH  of  the  kidneys. 

The  coccygeal  vertelm  are  moveable 
and  strong  in  birds,  to  support  the  great 
plumage  of  the  tail,  an  important  organ  ia 
directing  the  flight  of  birds.  They  have 
elevated  spinous  processes  developed ; 
fhey  have  the  transverse  processes  also 
modi  extended  laterally;  they  have  the 
minous  processes  beneath  extending 
OOwnwards.  This  form  they  require  for 
the  attachment  of  those  vigorous  muscles 
that  are  to  move  that  laxve  and  important 
oigaa  of  flight— the  tail}  to  increaie  tihe 


surface  for  the  tupport  of  the  expanded 
plamage  we  see  terminating  postierioily 

the  trunk  of  birds.  The  last  of  the  coccy- 
geal vertcbnc  {NN g)  has  a  remarkably 
compressed,  carinated,  and  arched  form, 
by  which  its  lateral  aurfoces  are  greatly 

increased. 

At  the  anterior  extremity  of  the  long 
and  moveable  cervical  region  of  the  colnmn 

we  observe  the  head  of  the  bird,  with  a 
lengthened  and  tapering  form,  correspond- 
ing with  that  of  the  whole  anterior  part  of 
the  skeleton.  This  lengthened  form  of  the 
head  dependson  that  of  the  jaws  and  face, 
and  not  on  the  form  of  the  small  cranium 
behind.  We  have  already  often  had  occa* 
sion  to  observe  the  face  thus  lengthened 
and  tapered  fonvards  in  fishes.  We  »W 
it  also  in  gavials  and  many  reptUes.  We 
see  it  in  many  oftbecetacea;  in  porpoises, 
in  whales,  in  grampuses,  and  in  dolphins, 
so  that  the  lengthening  and  tapering  of 
the  lace  in  birds  are  not  peculiar  to  them. 
There-  p.ro  many  examples  of  this,  and 
arising  from  similar  causes,  in  other  vcrte« 
brated  animals. 
The  akaU  of  Uidi  (QQ)  is  formed  above 


.  QQ 


by  a  continuous  plate  of  bone,  from  the 
anchylosis  of  almost  all  the  cranial  bones. 

There  is  no  l;'.!nl»doidal  suture  to  separate 
the  occipital  (QQ,  a)  from  the  parietal 
hones  YQQ,  b) ;  there  is  no  sagittal  suture 
to  separate  the  ])arietalt;  there  is  no  trace 
of  coronal  stitui  e  to  separate  the  j»arietals 
from  the  frontal  iQQ,  d).  Those  originul 
separations  have  all  disappeared  at  an 
early  period  of  the  ossification.  But  from 
the  origins  and  insertions  of  the  muscles 
in  these  bones,  from  their  eminences,  dc- 
fireaiiooi^  and  fonnUna,  from  the  parte 
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they  cover,  and  from  the  forms  of  these 
bones,  we  can  distinctly  see  even  in  the 
aduU  state  the  same  bones  as  in  other 
vertebrated  aaimsls  compotii^  the  cra- 
Bium  and  lace. 

Tlie  basilar  part  of  the  occipital  bone 
{,RR),  the  body  of  the  first  cranial  verte- 
bra, is  short  in  birds,  as  in  most  of  the  in- 
ferior vertebrata,  from  its  belonging  to  the 
small  cerebral  cavity.  The  sphenoid  lK)ne, 
aud  all  the  parts  anterior  to  the  sphenoid 
bone  composing  the  face,  have  a  more 
li  ngtbeiicd  form,  and  the  pter}'p;oid  portions 
of  the  sphenoid  (/2i2,  h)  remain  perma- 
nently detached,  and  diverge  laterally  to 
tbe  03  quadratum.  The  body  of  the  occi- 
pital bone,  or  its  basilar  part,  terminates 
posteriorly  in  a  single  condyle,  forming  a 
hemispherical  eminence  ])laced  on  the 
anterior  or  lower  margin  of  the  occipital 
foramen.  This  gives  great  mobility  to 
the  connexion  of  the  occipital  bone  with 
the  slender  circular  atlas,  and  the  rest  of 
the  vertebral  column ;  so  that,  together 
with  the  flexibility  of  the  neck,  in  conse- 
quence of  its  ninueroua  hones,  it  enables 
the  bird  to  use  its  bead  as  a  hand,  to  touch 
.  all  parts  of  lis  body,  to  dress  and  arrange 
Its  feathers  on  tlie  upper,  on  the  posterior, 
and  on  the  lower  siniace ;  and  tn  s]i  with 
its  head  twisted  under  tbe  w  ing,  witliout 
inconvenience  or  obstruction  to  the  circu- 
lation of  the  blood* 

The  uniform  Hnooibness,  and  the  thin 
dIaphononB  appeanmoe  of  the  skull,  corre- 
Kuoud  with  the  want  of  convolutions  on 
we  snr&oe  of  the  brun  beneath,  for  we 
are  now  come  to  animals  in  which  not 
only  the  whole  cavity  of  the  skull  ia  fiUed 
with  the  oerebnl  substance,  but  where 
the  brain  ii  to  large,  that  the  form  of  the 
head  externally  convsponds  with  the  form 
of  the  cerebral  mass  withm,  winch  we  saw 
was  not  at  aJl  the  case  in  the  cold-blooded 
niiiiiKil  .  The  two  lateral  pronunent  np- 
peaiauccs  (QQ,  b)  seen  on  the  region  of 
the  two  parietal  bones,  mark  extemslly 
the  great  development,  and  tlu-  form,  of  [ 
the  two  smooth  hemispheres  of  the  brain, 
which  are  here  dcvclupeU  so  nuich  back- 
iiiravds,  that  they  now  cover  not  only  the  | 
corpora  quadruyemina  or  the  optic  lobes, 
but  even,  a  little,  the  large  iobed  cere-  \ 
Mbm.  The  frontal  bone  (QQ,  o)  is; 
generally  so  thin,  or  so  detached  from  the 
nasal  bones  (QQ,/J,  as  to  allow  of  a  mo- 
tion of  tbe  face,  or  the  face  is  moveable, 
at  the  anterior  part  of  the  frontal  bones, 
upon  the  rest  of  the  skull,  that  we  see 
common  in  fishes  and  reptiles,  but  not  in 
the  mammalia.  In  the  loose  skeleton  of 
the  head  of  aniphil)ious  animals,  and  of 
serpents  and  of  lizards,  we  saw  abundant 

motion  ia     iuit^rior  legioa  of  the  head, 


although  it  was  fixoA  in  the  crOOOdiliMt 
and  in  the  chelonian  reptiles. 

The  face  is  moveable  in  birds  upon  the 
rest  of  the  skull,  whether  fbete  be  a  dis- 
tinct articulation,  such  as  yon  see  in  par- 
rots and  cockatoos,  or  where  there  is  no 
articulation  whatever,  because  of  tbe  thin* 
ness  and  elasticity  of  the  nasal  bones  at 
that  part  where  the  face  joins  with  the 
skull, — admitting,  even  in  the  dense  and 
solid  skeletons  of  rapacious  birds,  of  a  slight 
degree  of  motion  nt  that  part.  The  orbits 
are  enonnous  in  birds,  and  so  are  their 
organs  of  vision  tbe  most  perfect  and  tiie 
most  important  of  their  orpans  of  sense. 
The  orbits  are  separated  from  each  othet 
only  by  a  thin  translucent  lamina  of  the 
sphenoid  bone,  and  often  that  lamina  is 
simply  membranous,  so  that  in  the  skelc« 
ton  you  can  see  through  from  the  one 
orbit  to  the  other.  This  large  space  ia 
well  occnpied  by  those  important  organs 
iu  birds,  to  supply  the  place  of  some  of  the 
other  important  organs  of  the  senses,  the 
sense  of  touch,  for  example,  which  are  so 
deficient  in  the  class  of  birds.  That  is  the 
sense  which,  of  all  others  in  birds,  would 
be  the  most  useless  to  have  devdoped  over 
the  smfacc  of  their  body,  or  upon  their 
feet}  nor  is  it  consistent  with  the  form 
and  the  use  of  their  arms  and  bands. 
When  tbe  bird  is  describing  its  prrac  c  ful 
curves  almost  beyond  the  reach  of  human 
vision  in  the  elevated  strata  of  the  air, 
with  its  ^es  intent  upon  the  ground,  its 
other  senses  are  comjmratively  of  little 
use,  it  must  depend  entirely  upon  its  or* 
gans  of  vision,  for  knowing  when  to  do« 
sccnd  upon  its  prey — when  its  victim  is 
certainly  within  its  grasp — beyond  the 
power  of  escape.  Ttm  we  see  the  neoei- 
sity,  in  all  the  living  habits  of  birds,  for 
greatly  developed  organs  of  vision  in  these 
large  orbits,  which  we  see  occupying  so 
great  a  portion  of  each  side  at  tiie  head. 

The  petrous  and  the  squamous  parts  of 
the  temporal  bone  are  anchylosed  toge- 
ther, and  the  temporal  bone  Is  anehyloeed 
to  the  parietal ;  but  the  tympariic  element 
(QQ.  of  the  temporal  bone  is  not  anchy- 
losed to  the  other  elements  of  that  bone. 
The  09  qwubvium,  as  this  tympanic  ele- 
ment is  commonly  called,  remains  move- 
able, as  in  most  of  the  inferior  vertebrata— 
a  most  important  part  of  the  strnctnre  of 
the  bird's  head.  The  concave  articular 
surface  of  the  lower  jaw  moves  upon  its 
convex  under  surface.  It  moves  freely, 
and  greatly  widens  the  gape  of  birds  by  ita 
extension  forwards.  Tiiis  t3'mpanic  bone 
moves  the  long,  slender,  straight,  zygo- 
matic bone  below  the  orbit— it  moves  the 
superior  maxillary  bone,  and  the  whole 
face  upon  the  frontal  bones,  that  tho 
motions  of  this  oji  i^uadra^uiu  iiave  an  ia<« 
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ftltoce  in  the  elev&tion  of  the  upper  jaw, 
as  well  as  in  the  depression  of  the  lower 
•jAV)  thus  widening  the  mouth  where,  as 
in  serpents,  liiere  are  no  bands  to 

the  food,  or  to  assist  in  its  subdivision,  and 
where  it  must  generally  be  swallowed  en- 
tire, from  want  of  teeth  to  cut  it. 

The  bones  of  the  face  are  anchylosed 
with  each  other,  like  those  of  the  skull,  so 
that  we  do  not  see  the  boundary  of  the 
intermaxillaiy  bones,  wbere  tbejr  unite 
^\^th  the  superior  jaw  bones ;  and  Bltt- 
MENBACH  says,  they  have  no  intermaxil- 
huy  bones.  We  do  not,  however,  look,  in 
biitlB,  where  there  are  so  many  anchyloses 
joining  the  separate  bones,  for  distinct  su- 
tures, to  exist  between  the  intermaxillary 
bones  and  the  upper  jawbones.  These 
intermaxillary  hones  have  here  their  ortli- 
nary  place — the  place  which  we  see  them 
to  occupy  in  the  Mil  of  the  omUhorh^n- 
ehiu,  and  in  the  lengthened  tubular  bird- 
like muzzle  of  the  echifhm.  The  palatine 
bones  (iiii,  t  0  are  Largely  developed,  ix)th 


KB 


in  length  and  breadth  in  birds,  and  they 
leiive  a  oomriderable  intervening  o|ien 

space  between  them.  In  the  recent  state 
there  is  a  wide  fissure  in  this  part  in  the 
middle  of  the  palate.  8ome  have  looked 
upon  this  median  divided  structure  as  an 
illustration  of  the  gradual  junction  of  the 
two  sides  of  bones,  and  all  other  symme- 
trical organ*  vpon  the  median  plane  dur- 
ing their  progressive  developnietit,  and 
bave  considered  this  as  analogous  to  that 
whJcb  we  see  in  the  bnman  body  at  an 
early  period  of  existence,  when  the  pala- 
tine bones  do  not  meet  each  other  ou  the 
median  planes,  nor  does  the  soft  part  of  the 
palate,  nor  do  the  parts  of  the  upper 
np  meet  in  the  middle  ;  indeed,  somc- 
t^es  they  are  retarded  in  their  develop- 
ment, and  tfias  prevented  from  meeting 
at  all  during  life,  producing  the  harelip 
which  we  so  often  see  as  a  monstrosity 
in  our  species,  and  whidi,  lilce  most  other 
Ibrms  of  monstrosity  in  us,  is  only  a  regu- 
lar or  normal  form  of  stnictufe  in  ialierior 
grades  ol  aiumalSt 


We  observe  the  nostrils  (QQ,^)  to  be  go*- 
nerally  large  and  wide  externally  in  birds, 
but  the  turbinated  bones  are  small,  and  for 
the  most  part  soft  and  cartilaginous,  form* 
inga  membranous  structure  or  convoluted 
cartilage  upon  which  the  olfactory  nerves 
are  spread,  which  come  through  the  back 
part  of  the  large  orbit  Co  the  nose,  as  you 
see  in  this  o^pr^y  or  sea  eagle,  there  being 
no  perforation  for  these  nerves  in  the  thiu 
cancellated  stmctare  of  the  ethmoid  and 
sphenoid  bones,  separating  the  orbits,  and 
here  filled  with  air. 

The  form  of  the  upper  jaw  and  of  the 
lower  jaw  (iU2,/)  in  birds,  varies  more 
than  any  other  part  of  the  skeleton.  They 
vary  according  to  the  kind  of  food  upon 
which  the  animals  live.  The  study  of  the 
various  forms  presented  by  these  bones, 
and  of  the  horny  mandibles  that  cover 
them—the  bills  of  birds— forms  an  inte* 
resting  sulgect  for  the  scoologist;  they 
form  a  principal  part,  indeed,  of  the  cha- 
racteristic dilFereuces  of  the  species  of  the 
feathered  tribes.  Being  organs  so  intime- 
diately  connected  with  food-  with  diges- 
tion—their forms  are  adapted  to  the  most 
important  ftmction  of  their  economy,  ^t 
function  which  has  the  most  immediate 
and  powerful  influence  over  all  the  rest  of 
their  organization. 

In  some  birds  we  see  the  jaws  cora« 
pressed  and  much  lengthened,  and  ter» 
niinating  suddenly  in  a  hook  formed  by 
the  curved  upper  bill,  Wbiofa  is  the  best 
shape  for  pouncing  upon  a  fish,  while 
the  bird  is  swimming  or  flying  over  the 
surface  of  the  water,  and  hooking  and 
tossing  the  fish,  up  into  the  air,  thatitnaf 
catch  it  in  the  proper  position  for  swallow- 
ing the  hsh,  without  danger  from  its  sharp 
spines  and  scales.  Tliat  siructiire  yen  see, 
therefore,  in  the  gulls,  albatroses,  and 
other  fishing  birds.  The  wood-peckers 
have  the  biltt  compressed,  termfaatiag  In 
a  long  narrow  point.  That  is  the  best 
form  for  being  insinuated  into  the  crevices 
of  the  decayed  bark  of  trees,  from  which, 
with  their  long  slender  tongae,  horny  at 
the  point,  they  scoop  out  the  small  insects, 
larvae,  centipedes,  spiders,  and  worms,  on 
which  they  feed.  The  short,  broad,  and 
powerful  jaws  of  the  parrots  and  cocka- 
toos, with  their  upper  mandible  loosely 
articulated  to  the  cranial  bones,  are  the 
best  adapted  by  their  hardness  and 
strength  for  breakin^j;  nuts  and  such-like 
food,  found  on  the  trees  on  which  they 
climb  and  on  which  they  feed.  Hits  fat 
and  expanded  form  of  the  jaws  and  the 
bills,  which  we  see  in  this  spoon-bill,  and 
which  structmw  is  more  or  less  repeated 
in  many  of  the  aquatic  birds,  as  in  these 
swans,  and  ducks,  and  mallards,  and 
geesC)  and  pelicaus,  is  the  best  tor  tieeliog 


Digitized  by  Google 


1 


OSTEOLOGY  OF  BIRDS. 


in  th%  nrad,  or  !n      nmning  brookt,  or 

Tinder  the  sur^e  of  the  water,  for  worms, 
fishes,  and  ether  similar  food ;  for  seizing 
Itmn,  fat  holding  them,  and  for  \M»hing 
them,  and  removing  the  mud  from  them ; 
and  we  observe  that  those  birds  have  often 
the  outer  surface  of  the  margins  of  their 
bills  covered  with  a  black  membrane,  which 
is  thin,  soft,  and  highly  sensible,  that  the 
second  and  the  third  branches  ot  the  iilth 
pair  of  nerves  may  he  spread  largely  uj)on 
that  i)art  of  the  face  and  lips,  to  give  them 
great  sensibility  in  that  region,  that  they 
may  feel  with  their  lipa  what  they  cannot 
possibly  see  with  their  eyes,  ^rda  that 
must,  like  the  lion  an?!  tho  ♦^it'-nr,  enconntcr 
tbeir  prey  with  open  iorc«,  and  tear  the 
Ueeding  memlieri  pleoemail  from  fheir 
victims,  must  have  a  dense  horny  bill, 
strong  as  bone,  the  jaws  short,  strong, 
and  massive ;  the  upper  jaw  bent  suddenly, 
fo  M  to  ptorce  like  the  canine  tooth  of  a 
carnivorous  quadi-uped ;  the  edges  of  their 
jaws  sharp  and  cutting,  and  the  bills  that 
ooTor  tb«ni  exceedingly  dense,  sharp,  and 
strong,  p.^  we  see  in  these  eagles  and 
hawks  and  vultures.  80,  in  fact,  the  forms 
of  the  jaws  and  bills  of  Mrds  are  remark- 
ably varied,  but  all  of  them  are  beautifully 
adapted  to  their  kind  of  food  ;  so  thnt  you 
observe,  that  by  the  form  of  the  btU  ot  the 
Mrd,  oa  by  ttiie  forms  of  tbe  teeth  of  a 
qiip.ilmped,  }'ou  could  form  a  conception 
of  the  kmd  of  8ti*ucture  of  their  intestinal 
aanal,  of  the  structure  of  their  first,  se- 
oond,  and  third  stomachs,  tbe  form  of  their 
two  csea,  of  the  colon,  and  of  the  general 
form,  extent,  and  development,  of  their 
whole  digestive  apparatus.  But  you  could 
form  also  an  idea  of  the  forms  of  the 
claws  which  they  had, — the  shape  of  the 
foot,— 'Whether  it  was  a  bird  that  had 
■webbed  feet  to  swim  on  the  water,  or  had 
the  strong  talons  of  the  eagle  to  grasp  its 
prey,  and  to  cairy  it  to  its  young  in  the 
^Ifh.  You  could  even  have  an  idea  from 
that  of  the  general  ?tnirture  of  the  skele- 
ton, whether  organised  for  flying,  climb- 
ing, perching,  or  iwimming,  the  power  of 
flight  which  they  had  in  the  living  state, 
and  the  general  development  and  dispo- 
sition of  their  muscles.  You  could  also 
have  a  key,  from  the  formation  of  the  jaws, 
to  the  distribution  of  the  bloodvessels 
over  the  system,  to  the  parts  that  were 
most  supplied  with  Hbe  vital  fluid;  to  the 
distribution,  consequently,  of  their  nerv- 
ous system ;  in  short,  from  the  bill  of  the 
bird,  from  tbe  f<n-ms  of  the  upper  and 
lower  Jaw%  and  of  the  latennaaiillar}' 
bones,  more  than  from  any  other  part  of 
the  skeleton,  we  could  judge  of  the  gene- 
lal  organlntion,  of  the  kind  of  food,  of 
tile  peculiar  instincts,  and  the  whole  liv- 
ing habits  of  tbe  speciea.  Were  tlwee  jaw- 


bones in  Midi  eOMred,  as  they  are  in 
quadrupeds,  with  muscles  and  highly- 
sensible  lips,  how  could  they  thrust  their 
jaws  Into  the  earth  for  the  grahM  or  ia^ 

sects,  or  strike  them  with  suc  li  forci-  upon 
the  solid  surface  on  which  the  insect  or 
worm  is  moving-  to  escape,  or  use  them 
witii  safety  for  any  of  the  various  pur- 
poses  tn  V  li  they  apply  these  hard  pre- 
hensile instruments?  It  is  a  wise  provi- 
sion, therefore,  to  oorer  them  with  this 
dense,  homy,  and  insensible  texture;  and 
their  blunted  sense  ot  touch  in  this  i)art  is 
amply  compensated  for  by  the  high  de- 
velopment and  exquisite  mechanism  of 
their  organs  of  vision,  and  by  the  delicacy 
of  their  senses  of  smell  and  hearing. 

The  OS  hyoides  forms  an  important  arch 
in  birds,  and  is  her:  remarkable  for  the 
longitudinal  development  of  all  its  ele- 
ments, especially  of  its  comuA  or  oenlo« 
byal  portions,  according  to  the  philosophic 
nomenclature  of  Geoffroy  St.-Hilairk, 
which  elements  of  the  hyoid  bone  are  often 
seen  extended  so  for  liackwards  that  they 
curve  upwards  behind  the  occijiital  hone 
and  even  arch  from  behind  fonvai-ds  over 
the  skull.  We  hare  seen  Hat  the  foce  and 
mouth  are  long  in  birds,  and  so  arc  the 
tongue  and  the  lincjnal  portions  of  the  os 
hyoides,  the  basihyal  and  the  glossohyal 
elements  of  that  bone. 

Here,  as  in  inferior  classes  of  verte- 
brata,  we  still  have  false  ribs  anterior  as 
well  as  posterior  to  the  true.  The  riba 
cover  and  protect  almost  completely  the 
sides  of  the  short  trunk  {NN)  of  birds, 
and  aftord  a  >)road  and  comparatively  fixed 
sui-face  for  tbe  attachment  of  the  powerful 
muscles  of  the  wina,^^.  They  have  a  very 
secure  double  attachment  to  the  sides  of 
the  vertebral  column.  Their  vertebral 
extremity  (SS^  a,  h)  is  much 
compressed,  presenting  its 
sharp  edge  to  the  cavity  of 
the  trunk,  and  fte  sternal 
extremity  is  compressed  in 
the  opposite  direction,  pre* 
aenting  its  broad  concave 
surface  to  the  cavitj'^  of  the 
trunk.  The  head  of  the  rib 
(SS,  a),  plaoed  at  the  end  <^ 
a  long  and  curved  neck, 
is  attached  to  the  side  of 
the  body  of  the  vertebra, 
and  their  prominent  ar- 
ticular tubercle  (SS,  I)  is  firmly  at- 
tached to  the  termination  of  the  trans- 
verse process  of  each  dorsal  vertdira.  They 
have  the  thickest  and  strongest  pai*t  placed 
towards  the  side  of  the  vertebral  column, 
where  they  exhibit  a  very  compressed 
form  from  before  backwards;  but  passing 
forwards,  thr  rib,  yon  observe,  becomes 
compressed  irom  without  inwards,  so  as  to 
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present  a  broad  surface  externally.  The 
ribs  of  birds  havo,  cspocially  towards  the 
middle  of  the  trunk,  a  process  {SS^  c), 
«xtNidiiig  backwards  and  upwards,  as  if  a 
"bifurcation  of  the  rib.  We  have  already 
seen  bifurcated  ribs  a  common  structure 
in  ftshes;  we  have  seen  bifurcated!  tranS' 
vcrbC  processes  coniinon  in  serpents ;  wc 
saw  in  the  boa  constrictor  that  all  the 
coccygeal  vertebras  which  were  placed  iui- 
nedbtdty  behind  the  anus  had  long  double 
transverse  processes  extended  from  thcin  ; 
but  in  the  birds  this  part  tends  to  envelop 
and  consolidate  the  trunk,  to  give  a  strong 
and  broad  surface  for  the  attachment  t  l 
muscles,  and  to  shield  the  u  unk  more  in 
solid  b<me. 

We  observe  the  transverse  processes  of 
the  vertebrae,  as  well  as  the  spinous  pro- 
cesses, developing  forwards  and  backwards, 
■o  as  to  pass  over  each  oth«r  and  to  assist 
in  ])  re  venting  motion;  thus  the  transvci'sc 
pi-ocesses  at  their  termiuation  are  directed 
forwards  and  backwards.  This  is  most 
obvious  and  most  developed  in  the  dorsal 
vertebra\  By  the  great  development  of 
these  transverse  processes,  they  further 
assist  in  strengthening  the  attachment  of 
the  ribs  to  their  extremities. 

The  ribs  of  birds  tenniuatc  anteriorly 
in  an  articahitton  (SS,  d)  with  the  stemtd 
ribs  {SS,  ejy  so  that  upon  looking  at  the 
trunic  of  a  bird,  we  would  imagine  that 
the  ribs  themselves  were  jointed ;  and  iu 
the  act  of  respiration  tl:e  motions  of  the 
trunk  chiefly  take  place  at  this  point  of  ar- 
ticulation between  the  ribs  and  the  ster< 
nal  appendices.  The  riha  of  birds  we  find 
to  pass  forwards,  to  be  fixed  to  those  ster- 
nal appendices  on  all  the  middle  part  of 
the  trunk  of  the  body ;  but  anteriorly  and 
posteriorly  there  are  fiilse  ribs;  these  are  an- 
terior to  tlie  true  r)h^  you  observe  in  the 
eagle  and  in  several  gaUuiaccuus  birds  bc- 
foreyou ;  thereare  ribs  that  do  not  touch  the 
Itemum,  anterior  to  those  that  do  touch  it. 

This  is  a  structure  to  which  we  are 
led  from  examining  the  structure  of  rep- 
tiles where  this  is  common  ;  we  saw  that 
in  seqjcnts  all  ribs  wci  e  false  ribs,  there 
being  uo  »ternuai,  ami  ui  fishes  also  that 
all  those  on  the  sides  of  the  trunk  were 
false  ribs,  not  being  flvLJ  anteriorly. 
This  circumstance  is  interci»£iog  on  ac- 
count of  what  we  see  even  in  some  of  the 
maninialiathatcotoe  nearest  to  birds, — that 
there  are  short  asternal  ribs  ante  rior  to 
those  whicli  reach  the  sternum,  which  arc- 
quite  free  at  their  anterior  or  distal  ter- 
iiiinations.  The  sloth  has  asternal  ribs  of 
this  kind— the  three-toed  sloth;  it  has 
upon  the  eighth  cervical  vertebra,  and ! 
upon  the  ninth  cerv  ical  vertebra,  as  these 
vertebrae  are  conunonly  called,  niduncnt- 
ary  ahori  libsy^exteadiiig  kom  the  eud^  of 


the  transverse  processes,  and  those  trans- 
verse ]>roce5!se^  are  not  pierced  by  the 
canal  fur  iho  vertebral  arteries. 

From  the  extremities  of  the  ribs  we  ob-  ' 
serve  that  the  ordinary  cartilages,  which  in 
quadi*uped8  are  dexible  and  soft,  in  birds, 
form  solid  hemes  {SS^  e),  which  pass  ob- 
liquely forwards  to  be  articulated  to  the 
sides  of  the  upper  portion  of  the  sternum 
by  distinct  articular  surfaces ;  and  upon 
this  part  of  the  steruum  they  have  a  free 
and  extensive  motion,  an  important  i>art 
in  tbo  respiration  of  birds,  by  means  of  its 
solidity  and  mobility.  In  the  act  of  in- 
spiration in  birds,  the  whole  sternum  co- 
vering the  abdoaiioal  surface  of  the  trunk 
is  carried  forwards  in  one  piece,  and  is 
moved  Imck  towards  the  vertebmi  column 
in  the  act  of  expiration.  This  motion  is 
cliielly  effected  by  means  of  the  articula-, 
tions  between  the  sternal  and  the  ver- 
tebral ribs,  and  between  the  sternal 
ribs  and  the  sides  of  the  steruum } 
by  the  ossification  of  these  sternal  ap- 
pendices the  free  aiticulations  were  ne- 
cessary, and  (greater  solidity  is  thus  ?;iven 
to  the  trunk,  while  it  retains  the  requisite 
freedom  of  motioo  for  the  very  e.^ctensive 
respiration  of  the  aniuials  of  this  warm- 
blooded oviparous  class. 

The  steruum  ( TT)  of  birds  is  one  of  the 

most  reinarkabie  and  characteristic  bones 
of  tlic  skeleton.  It  is  remarl<able  lor  its 
great  development,  for  the  extentof  the  sur- 
face of  the  trunk  which  it  covers,  and  it  ii 
remarkable  -also  on  accotmt  of  the  element 
of  that  bone,  which  is  chicliy  employed  iu 
its  extension.  It  is  almost  peculiar  for 
that  prominent  carinated  appearance 
which  it  presents  in  front,  produced  by  an 
elevated  external  median  lidge,  some- 
times solid,  sometimes  hollow — solid  and 
strung  in  the  rapacious  birds,  and  largely 
lie velopcd— solid  where  the  birds  possess 
great  power  of  remaining  on  the  wing  for 
along  time,  great  jjov.er  in  the  jictrornl 
muscles.  Hut  it  is  thin  and  feeble  in  birds 
which  are  either  destined  to  find  thcnv 
food  upon  the  ground,  or  which  use  their 
muscles  of  flight  but  little,  from  their 
aquatic  iife. 

We  observe  that  the  sternum  frequently 
has  its  crest  hollow  within,  opening  ex- 
ternally at  its  superior  margin.  This  is 
roost  often  met  with  in  aquatic  birdsi, 
where  we  find  the  trachea  passing  into 
the  cavity  tlius  formed  in  llie  crest,  as 
you  observe  in  the  wild  swan,  i  ins  bone, 
like  most  of  the  other  bones  of  the  skele- 
ton, freely  admits  an*  into  its  interior, 
where  it  presents  a  very  loose  cancellated 
texture.  It  has,  therefore,  in  all  pai-ts, 
notwithstanding  its  magnitude  of  surface, 
a  ligliti5o<«,  a  t"n:i]) "ctnObS,  and  a  (b  nsity 

of  tc:^.iiue,  wiucU  nv  c  ibcc  luarkcd  in  aii  the 
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bones  where  the  ezt^t  of  reapintkm  is  | 

great :  and  we  observe  on  the  upper  and 
inner  part  of  the  steruum  the  open  pas-  I 
'  sages  through  which  the  air  gains  admis- 
sion into  the  celhilar  texture  of  the  ster- 
num. You  find  these  large  in  the  rapacious 
birds— hu^  even  in  the  aquatic  birds,  to 
aid  them  in  awimming.  The  upper  part  of 
the  sternum  (7^)  upon  each  side  has  an 
articular  surface,  long  and  deep,  for  the 
reception  of  the  two  strong  coracoid 
bones  (STTt  f)«   Along  its  sides,  towards 

its  upper  part,  we  ob- 
serve nmneroas  deep 
depressions  whicii  re- 
ceive tlie  extremities 
of  the  sternal  ribs 
{TT,  as)  which  play 
freely  in  these  deep 
atticular  depressions. 
The  sorfitce,  external- 
ly, of  the  sternum,  is 
marked  by  ridges  that 
indicate  the  limits  of 
attachment  of  the 
large  and  small  pec- 
toral muscles,  for 
those  muscles  cover 
the  whole  exterior 
suil'ace  of  thi:i  very 
large  sternum;  indeed  it  is  chiefly  on 
account  of  the  magnitude  of  the  pectoral 
muscles  that  this  bone  has  been  extended 
downwai*ds  so  far,  and  is  of  a  solid  unyield- 
ing textiu-c  over  the  whole  anterior  part 
ol  the  abdomen.  The  lower  evtreinity  or 
posterior  margin  of  the  sternum,  is  that 
which  presents  the  greatest  variety  in  its 
appearance.  In. some  birds,  a.s  you  observe 
in  this  great  condor  of  the  Andes,  in  this 
golden  eagk^  and  in  this  ospray,  it  is  ossi- 
fied across  completely  from  the  one  side 
to  the  other  at  its  posterior  margin.  But 
in  the  aquatic  birds,  as  you  see  in  these 
twans,  in  these  divers,  and  in  these  dudes, 
there  is  :x  i-onsiilerable  part  of  the  poste- 
rior mai'gin  delicieut,  and  its  place  is  oc- 
cupied only  by  a  membrane.  But  in  the 
gallinaceous  birds  the  posterior  margin  is 
frittered  down  to  the  narrow  terminations 
of  several  sepamtc  boues,  as  you  see  in 
the  turkey,  and  in  this  peacock  (T7*,  n  g). 
It  is,  in  fact,  in  these  heavy  gullinacooiis, 
and  in  the  running  bii'ds,  that  the  sternum 
is  the  least  required.  Tliey  feed,  like  ru- 
minating animals,  upon  what  they  fmd  on 
the  ground.  Their  iieavy  bodies  arc  but 
ill-adapted  for  extensive  llight  through 
the  air.  and  theii*  sternum  is  at  all  times 
but  inji»ciiectly  dcvelojied,  and  in  a  lower 
coudition,  cousequcntly,  as  to  the  consoli- 
dation of  its  elements ;  that,  therefore,  is 
precisely  the  tribe  of  h'mh  in  which  we 
ought  to  seek  lor  tlie  sepa-rate  elements 
still  detached  of  thin  complex  boue,  In 


the  rapacioiH  birds,  the  diurnal 

cious  birds  especially,  the  elements  arc 
quickly  ossilied  and  solidly  aucbylosed, 
therefore  yon  see  the  whole  sternum  one 
solid  aggregate  of  auchylosed  bones.  But 
in  the  gallinaceous  birds,  the  little  use 
made  of  this  bone  is  accompanied  by 
a  slow  development  of  all  its  elements, 
and  they  slowly  meet,  slowly  unite,  and 
never  present  that  complete  and  exten* 
sive  ossification  which  we  see  in  powerful 
birds  that  arc  destined  by  their  nmsculur 
efibrts  to  soai'  aloft  iiito  the  regions  of  the 
air. 

Looking  at  the  sternum  of  the  gallina- 
ceous bird,  then,  as  in  this  of  the  common 
peacock  (TT),  wc  see  at  the  upper  and 
middle  part,  a  cmnpressed  narrow  ridge 
(jfT,  i)  extending  upwards  a  considerable 
way.  That  prominent  ridge  is  composed 
of  two  small  bones*  which  meet  each  other, 
and  anchylosc  together  by  their  flat  sur- 
faces. Ill  the  adult  bird,  therefore,  it  is  a 
solid  projecting  thin  single  bone.  It  is 
thus  composed  of  two  distinct  elements, 
situate  one  upon  each  side,  at  the  up])er 
or  anterior  extremity  of  the  steruum; 
these  are  the  two  eputemal  pieces  {TTt  I) 
united  and  anchyloscd  firmly  together. 
These  two  boues  rest  upou  the  upper  ex- 
tremity of  the  crest  of  the  sternum.  And 
you  will  observe  that  that  crest  can  gene- 
rally Iks  traced  downwards  to  near  tho 
posterior  termination  of  the  bone ;  it  in 
fact  belongs  wholly  to  a  single  median 
element.  It  is  the  entostcntal  hone  (TT,  o), 
or  the  cutosterual  cicmeut  of  this  aggre- 
gate <^  anchyloaed  bones.  On  the  upper 
part  of  the  two  sides  of  the  entosternal 
elemeutyou  observe  a  bone,  the  boundaries 
of  which  are  mai*kcd  by  shar))  ridges,  a 
bone  which  receives  upon  L;u  h  siile  the 
articulation  of  the  sternal  libs  [TT, 
—  these  are  tho  two  hgonientai  bones. 
From  the  lower  extremity  of  these  two 
small  hyoitcrnal  bones  you  observe  in 
this  turkey,  and  in  man^'  other  gallinace- 
ous birds,  a  bone  which  in  its  lower 
portion  is  bifurcated,  extending  down- 
wards ;  these,  jilaced  one  on  each  side,  are 
the  two  hyposternal  bones  (2'2',  n).  At 
the  extremity  of  the  very  long  ento- 
sternal piece,  posteriorly,  you  will  t^cno- 
rally  observe  in  thci'ccent  birds,  a  curved, 
tapering,  cartilaginoua  termination.  This 
lower  or  jtosterior  terniination  of  the 
sternum,  oi  a  cartilaginous  consistence,  is 
composed  of  two  elements,  plaeed  in  the 
position  of  the  xiphoid  cartilage  in  the 
lumip.n  sternum ;  they  form  the  two 
jLiphiateinal  pieces  (2T,/>).  So  that  in 
the  bird's  sternum,  we  can  trace  the  same 
nine  distinct  elements  which  exist  m  the 
sternum,  so  largely  developed,  of  the  tur- 
tles and  the  tortoiiies  {LL^  Figi,  1, 2j. 
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'  Now,  wMd^  element  in  the  bird's  ster- 
ninn  is  the  moat  largely  developerl '  Oh- 
vioiulf  the  entosternai  piece.  And  it  is 
ft  liiMiitifiil  nmngcMDcnt  in  Uie  osoooui 

part  of  this  tlasa  of  animals  to  have  their 
only  median  element  employed  to  con- 
struct that  large  portion  of  the  sternum 
which  iB  to  be  int>st  ex]>oscd  to  the  violent 
tearing  action  of  by  far  the  largest  and 
tnost  powerful  muscles  in  the  body  of  the 
Urd.  It  is  interesting  to  oinenre  thftt  this 
complex  l>onr  Ikis  that  particulnr  median 
element  the  most  developed,  and  that  all 
the  other  elements  around  it  are  nnall,  and 
very  early  aggregated  and  anchylosed  to- 
gether to  constitute  this  large  and  solid 
hone.  Had  the  median  suture  extended 
down  nearly  through  the  whole  sternum 
of  the  bird,  as  in  the  tortoise  (LL,  Fig.  1), 
where  the  entosternai  piece  is  a  very 
•man  element,  it  would  nave  been  liable 
in  the  bird  to  be  torn  asunder  at  that 
suture,  when  the  hird  bcc;an  to  exert  it? 
pectoral  muscles  and  itb  little  wings  to 
imitate  ^e  parent  in  its  flight. 

These  parts  of  the  sternum  vary  so 
much  in  tbeir  forms  in  diftereut  kin<la  of 
liirds,  partlcutarl7  the  two  posterior  ele« 
ments,  the  xiphosternal  and  the  hyposter- 
nal  pierr'?,  together  with  the  elevated 
crest  on  the  middle  of  the  entosternai 
piece,  that  some  naturalists  have  thought 
of  taking  the  principal  characters  for  the 
subdivision  of  the  class  of  birds,  from  the 
ibran  presented  by  the  elements  of  this 
bone. 

Birds  are  oviparous  warm-blooded  ver- 
tehrata,  organbcd  to  fly  through  the  air. 
The  active  apparatnt  chi^y  employed  in 
that  mode  of  progression,  are  the  muscles 
of  the  chest,  which  move  the  humerus. 
Those  mnscies  have  their  Attachments 
chiefly  to  the  sternum.  The  sternum, 
therefore,  is  the  most  important  bone 
tonnected  with  ^e  living  movements, 
habits,  and  instincts  of  birds ;  so  that  in 
*eelfinj?  for  the  means  of  suhdividing  this 
class  of  animals,  if  we  look  for  our  cha- 
factem  in  the  skeletons,  those  characters 
min-bt  he  <jr»ug:ht  for  in  the  forms  of  the 
sternum.  Two  important  modifications 
6f  its  form  present  themselves  in  the  class 
of  birds;  the  one  is  that  which  jiervades 
nearly  the  whole  chiss  having  an  ele- 
x'ated  crest  extending  along  the  entoster- 
lial  bone  *,  that  is  the  normal  or  com- 
mon form  of  the  sternum  in  thii  class, 
fiut  we  find  some  birds  approaching  in 
many  essential  characters  so  near  to 
quadrupeds,  that  CA  en  the  sternum  in 
thcin  is  destitute  of  its  usual  crest,  ns  you 
sec  in  the  ostrich ;  this  forms,  therefore, 
the  typical  character  of  a  separate  little 
grouj). 

Taking  a  view  of  the  forms  of  the  ster- 


nnrn  and  of  its  separate  elementa  in  Hi* 

skeletons  of  the  birds  now  before  you,  it 
must  strike  you,  that  notwithstanding  a 
UtHe  diflferenoe  is  observed  in  the  relative 
development,  especially  of  the  two  hypo- 
sternal  pieces,  that  there  is  a  great  resem- 
blance and  uniformity  in  the  other  parts ; 
that  these  nine  elements,  although  vary- 
ing ft  little  in  their  flegrce  of  development, 
are  yet  in  their  ordinary  position  in  all 
l^ese  different  ibrros  of  the  atemnm  in  tbo 
birds  before  you.  When  we  look,  how- 
ever, at  the  sternum  of  the  yonn^;  ostrich, 
we  find  it  begins  and  continues  its  oesifi- 
cation  atid  development  by  two  large 
lateral  plates,  one  on  each  side  of  the 
median  plane.  That  J  have  seen  also 
in  the  skeleton  of  the  young  rhea,  the 
young:  American  ostrich.  This  \vmi1fl 
naturally  at  once  occur  to  you  as  an 
exception  quite  at  variance  with  the 
ordinary  rule.  Much  stress  was  laid  by 
the  late  illustrious  Baron  Ccvier  on  this 
anomalous  mode  of  development  and  com- 
position of  the  sternum  in  the  ostrich. 
He  considered  this  as  a  striking  proof  that 
there  was  not  the  pretended  unity  of  com- 
pwition  in  the  sternum  of  birds.  It  was, 
therefore,  in  his  hands  a  powerful  argu- 
ment against  the  views  of  his  learned  con- 
temporary and  collei^ue  OfcoirraoT  Saint 
HiLAiRK,  who  has  shown,  in  almost  every 
part  of  organised  beings  to  which  he  has 
directed  his  attention,  that  there  is  an  ex- 
traordinary unity  of  plan  in  th^r  organic 
elements,  which  often  '!nr^  not  at  fir^t  ap- 
pear, but  requires  exceedingly  minute  and 
careful  examination  at  different  periods 
of  life,  in  tracinj^'  back  their  forms  to  the 
earliest  periods  of  formation,  to  discover. 
He  has  considered  that  the  osseous  parts 
which  we  find  in  the  birds  are  bat  modi- 
fied foniis  of  the  common  elements  of  the 
human  skeleton}  nay,  parts  of  the  birds 
that  we  would  little  at  first  imagine  to 
exist  in  the  human  body,  as,  for  instance, 
their  complicated  inferior  larynx  But  it 
has  been  shown  that  these  vocal  parts  are 
only  tlie  ordinary  rings  of  the  trachea  mo* 
difieil  in  their  forms,  to  produce  that  cu- 
rious apparatus  so  important  in  the  eco- 
nomy of  birds,  the  inferior  larynx. 

Tlie  muscles  that  move  the  inferior 
larynx,  on  which  the  melo<Iy  of  the  fea- 
thered tribes  so  much  depends,  were 
shown  many  yean  ago  to  exist  even  on 
the  human  trachea,  so  that  we  can  see  but 
obsctircly  the  extent  to  which  this  uni^ 
of  plan  may  pervade  the  organisation  of 
animals. 

When  we  look  to  the  sides  of  the  ster- 
num of  the  ostrich,  to  the  sides  of  those 
two  large  lateral  plates,  which  by  their 
development  meet  in  tlie  middle,  and  form 
this  remarkable  sternum  without  a  cresty 
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^  iM  HAt  it  is  dMfly  ounM  fif  ti)8t«T«r,  deem  it  necessary  to  uroeaid  filrtlMr 

nrtirulations  of  the  rib";   that,  in  fact, 'with  the  consideration  of  these  questions  ; 


it  is  composed  of  the  two  htfostettial 
piwsef  uatnllf  teen  to  (live  attachment 

lo  the  sternal  ribs.  ^V!l•lt  had  the  os- 
trich to  do  with  a  crest  ou  the  sternum, 
or  an  entostemal  piece  ?  That  is  a  part 
of  the  sternum  which  projects  in  ordinary 
bird 5  to  give  a  large  surface  for  the  vast 
pectoi-ai  musdest  by  the  action  of  which 
the  vtvM  «re  to  strike  tho  air  wilfh  toch 
forco  as  to  rarry  u|)  the  whole  body  like  a 
balloon  into  the  atmosphere  j  but  as  to  the 
ostrich  and  the  rhea,  those  heavy  birds 
tbat,  like  the  quadrui)c<is,  are  seen  grazini? 
on  the  plains,  never  attempt  to  ri?.e  from 


for  what  has  been  already  said  cannot,  1 
think,  fiiit  to  create  a  conviction  in  ^« 

minds  of  all  unprejudiced  persons,  that 
the  nitrate  of  silver  has  a  powerfully  con- 
trolling influence  over  the  progress  of  the 
primary  sjrphilitic  ulcer,  and  that  mar* 
cury  has  a  similar  influenre  over  the  pro- 
gress of  the  primary  syphilitic  bubo,  when 
these  remedies  are  nsed  aooordinp^  to  cerw 
tain  principles-.  There  are,  however,  Home 
important  questions  closely  connected  with 
those  ahvady  considered,  which  may  for 
this  morning  very  advantageously  occupy 
our  attention.    For  example,  it  is  aflirmed 


the  ground.  They  are  the  birds  «vrhich  of  by  persons  opposed  to  the  application  of  the 
all  that  are  known  come  nearest  to  quad-  nitrate  of  silver,  that  although  it  majr.oono 

'    *    — —  ..1 — '  trol  the  progress  of  the  primary  sypliilitio 


riipcds  in  every  peculiarity  which  they 
present  in  their  internal  structure.  The 
elements  of  the  stemnro,  which  a  pHoii 
we  should  expect  to  find  most  developed 
In  birds  of  that  heavy  character,  would  be 
precisely  these  hyosternal  parts  which  give 
ttttaehnent  to  the  ribs,  andtothecoracoid 
bones,  and  these  fve  the  only  elements 
which  are  deveiopetl  or  required  in  the 
tkermun  vi  the  osmeh. 
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GiiNTLRMEN, — ^My  Isst  lecturc  on  the 
venenia]  disease  was  occupied  with  the 

consideratifin  of  two  inii)nrtant  questions, 
namely,  **  Has  the  nitrate  of  silver,  ap- 
plied as  an  cscharotic,  the  power  of  ar- 
restbig  the  progress  of  the  primary  syphi- 
litic ulcer?"  and  "  Has  mercury,  inter- 
nally administered,  the  power  of  dispers- 
ing the  primary  syphiHnc  hnho  ?**  By*  an 
cxMinination  of  thci  cports  of  all  the  cases 
we  then  had  time  to  consider,  wo  were  led, 
respecting  both  questions,  to  a  oondnsion 
in  the  amrmatfve.  Kow  I  find  that  the 
rqjorts  of  the  cases  examined  by  ns  on 
that  occasion,  form  less  than  a  third  of 
the' total  nnmher  of  almost  precisely  a  si- 
milar kind,  which  have  been  noted  in  the 
course  of  this  season,  and  perhaps  not  a 
tenth  of  those  which  have  heen  treated  dnr- 


ing  the  same  period  in  a  similar  manner, 

idd  wtlh  limilar  z«anlt8h  1  do  noi^  how-tof  iUverdoetnot  cmii^atSathAkttlea* 


ulcer,  it  is  very  apt  to  excite  hubb;  tha^ 
alth«Dgh  it  majr  on  some  occasions  arrest 

the  progress  of  the  primary  syphilitic 
ulcer,  it  will  often  produce  inflamniation 
or  irritation  in  that  ulcer,  and  cause  its 
increase;  and,  lastly,  that  although  the 
primary  syphilitic  ulcer  may  be  healed  r^.- 
pidly  by  the  action  of  caustic,  it  will  be 
healed  with  equal  rapidity  if  treated  with 
other  applications,  such  as  the  black-w  ash; 
which,  as  they  are  free  from  the  risk  of 
producing  bubo,  or  of  increasing  inflam- 
mation or  irritation  of  the  ware,  it  would 
be  far  more  prudent  to  use,  and  avoid  an 
application  which  may  be  followed  by  ex- 
tremely unpleasant  consequences.  I  need 
scarcely  observe,  that  if  these  assertions 
are  true,  the  practice  of  applying  (»iu9tic 
to  the  primary  syphilitic  ulcer  sboiild  be 
abandoned.  Bu^ 

1st.  Is  the  nitrate  of  silver,  when  ap- 
plied as  an  escharotic  to  a  primary  ^)  phi- 
Utic  ulcer,  unaccompanied  hy  bnbo,  apt 
to  produce  a  bubo  ? 

2ndly.  Is  the  application  of  the  nitrate 
of  silver  as  an  escharotic  to  the  primary 
syphilitic  ulcer,  when  in  the  stage  of  ul- 
ceration, apt  to  irritate  or  eiaaperate  this 
ulcer 

3r<lly.  Wliat  is  the  rapidity  with  which 
the  primary  syphilitic  ulcer  heals  when 
treated  with  tho  nitrate  of  silver  as  an 
escharotic  compared  with  the  rapidity 
with  which  the  same  ulcer  heals  under 
the  influence  of  other  applications  ? 

Such  are  the  quebtions  which  i  propose 
to  consider  in  the  present  and  th  e  next  lec- 
ture ;  and  now  to  speak  of  the  first : — 

1st.  In  the  tnfrafp  of  silrer,  tphen  appUeil 
as  an  escharotic  to  a  primary  fti/phiUiie 
tUeer,  wmecompanied  bp  bubot  apt  to  pro- 
duce, a  bubo* 

It  might  with  justice  be  aflinned,  that 
the  first  question  has  been  already  an- 
swered in  the  negative ;  for,  if  the  nitrate 
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ttirc  T  proved  to  be  the  cnse,  an  increase  of  |  were  dressed  witil  lint  cawtnA  wtth 

a  bubo  already  formed  or  formini?,  it  mit;ht '  sive  plaster. 

be  argued,  a  fortiori^  that  it  will  not  ex-  4th  day.  The  slougha  caused  by  the  ni- 
cite  the  lymphatic  glands  which  are  In  a  trate  of  silver  have  sepai  iirinL  The  flur< 
state  of  tranquilHtj*.  It  may  be  urged,  face  of  the  largest  ulcer  is  of  a  i)ale  red 
however,  in  oppositioa  to  our  drawing  colour,  and  prcseut^i  some  slight  apj^^- 


this  conclusion  from  the  cases  already 

considered,  that  in  them  the  incrcury  em- 
ployed in  conjunction  with  the  caustic, 
ooatroUcd  the  formation  of  bubo,  and  that 
if  mercury  liad  not  bccu  used,  the  same 
consequences  in  respect  to  this  event 
would  not  have  been  observed.  Let  us, 
therefore, '^samtne  l^e  reports  of  some  of 
the  numerous  cases  v  hich  you  have  seen 
treated  with  the  nitrate  of  silver  and  with- 
out mercury,  and  see  what  the  results 
have  been.  I  must  premise  that  this  is  a 
point  of  ijrcnt  importance  to  determine,  as 
cases  will  often  occur  in  which  it  may  nut 
only  he  prudent,  but  highly  necessary,  to 
spjily  the  caustic,  r.lthuugli  it  would  be 
very  imprudent  to  use  mercury ;  and  it 
will  be  satisiactory  to  know  whether 
caustic  maybe  used  in  such  ca.ses  without 
any  apprehension  of  the  patient  being 
thereby  subjected  to  the  risk  of  so  unx)lea- 
saat  m  occttrrcace  as  a  bubo. 

Case  1. — Primary  Si,pMSM  on  iht  common 


ance  xtt  the  healing  margin.  The  suifiioes 

of  the  two  other  ulcers  are  whitish  ("with 
the  exception  of  the  centre  of  the  smallest, 
which  is  of  a  brownish  colour),  and  pre- 
sent a  stronger  appearance  of  the  healing 
margin  than  the  surface  of  ttie  larg^cst 
ulcer.  The  end  of  the  prepuce  is  still 
somewhat  pretematurally  red  and  swelled, 
and  there  is  a  good  dealof  i/liti  in  passint; 
water.  The  glands  of  the  groin  remain 
free  fmm  all  uneasiness.  iSome  of  the 
strong  solution  of  the  nitrate  of  silver 
(twenty  grains  to  an  ounce]  was  inject- 
ed between  the  glans  and  prepuce,  and 
the  weak  solution  of  the  »amc  (live  grains 
to  an  ounce)  wa-^  apjilied  to  the  ulcers  on 
the  common  skm  of  the  penis.  These 
were  afterwards  dressed  with  lint  and  ad* 
hesivc  plaster.  A  dose  of  snlptMte  of 
soda  was  directed. 

6th  day.   The  largest  ulcer  is  healing 
rapidly,  the  one  of  middle  size  is  covered 
witli  lymph,  and  the  smallest  is  quite. 
-    .  -  healed.    Faiu  in  passing  water  nnich  less. 

*Arm  qf  the  Penin,  and  Discharye  from  Swelling,  ledness,  and  disdiaii;e  from 
the  orifice  of  the  Frejntcf,  trealcd  infh  penis,  greatly  diminished.    Glands  of  the 


the  I^itraie  qf  Silver  and  icUhottt  Mtr 
ewy,  Andrew  Spotiswood,  aged  59. 

1st  day.  Three  primmy  syphilitic  ulcers 

seated  on  ti  c  t  onnnon  integuments  of  the 
side  of  the  penis ;  the  largest  is  the  size  of 
a  kidney  bean,  and  the  smallest  is  as  large 
as  a  field  pea.  Their  surfaces  are  of  a 
dtifskv-v  bite  colour.  They  are  surrounded 
by  a  i.iiiitiy-red  areola,  and  are  very  pain- ' 
fill,  particularly  at  night.  There  is  phy- 
mo?is',  with  tumiility  and  redness  of  the 
penis,  and  discharge  from  the  orifice  of 
the  prepuce.  The  glands  of  the  groin 
are  free  from  all  mieasincss  and  swelliutj. 
These  com [jlai tits  commenced  about  three 
weeks  ago.  He  says  the  discharge  from 
the  orifice  of  the  prepuce,  and  the  phy- 
ronsis,  preceded  the  Ulcerations  on  the 
6ody  of  the  penis.  The  surfaces  of  the 
ulcers  were  cauterised  with  the  nitrate  of 
silver,  and  lint  covered  with  adhoivc 
plaster  was  applied  to  thorn.  A  dose  ol 
the  sulphate  of  soda  was  directed. 

2nd  day.  Although  the  ub  crs  retain  the 
penern!  appearance  produced  yestei  i  >  v  hy 
the  action  of  the  nitrate  of  silver,  ou  look- 
ing narrowly  at  the  largest  of  them,  the 
slough  formed  by  the  caustic  apjicars  at 
one  side  to  be  separating.  Says  the  pain 
in  the  ulcers  has  cem^ed,  but  complains  of 
pain,  when  urining,  in  the  orihce  of  the 
penis.  The  prepu*  *',  ;)s  well  as  the  whole 
penis,  is  im  swelicU  unci  ie<l.  The  sores 


groin  free  from  all  uneasiness.  The  same 
loci^  treatment  employed  on  the  last  day 

was  continued. 

8th  day.  The  l^rn^est  sore  is  ver>'  much 
contracted}  the  smaller  unhealed  one  is 
covered  witii  a  tbidclayerof  white  lymph. 
The  pain  In  passing  water,  and  the  dis- 
charge from  the  end  of  the  prepuce,  are 
very  trithng.  Tim  surtace  of  the  small 
sore  was  stimulated  with  the  strong  aotai'* 
lion  of  the  niti  ate  of  silver,  and  the  sanle 
was  injected  between  the  glans  and  pre- 
puce. 

I'ith  day.  The  largest  ulcer  nearly 
healed,  and  the  other  quite  healed.  Phy- 
mosis  persists  ;  no  swelling ;  no  pain  in 
urining  i  no  d^scharge.  The  surface  of 
the  ulcer  was  f  timulatcd  with  the  Strong 
solution  of  the  nitrate  of  silver. 

I4th  day.  The  ulcers  are  all  healed  $ 
t!uir  former  bases  a  little  hard;  the  orifice 
of  the  prepuce  begins  to  relax ;  glands  of 
the  groin  quite  free  from  all  swelling  and 
unea!?iness. 

20th day.  The  «iores  remain  healed  ;  the 
prepuce  is  su  niucli  relaxed  that  it  is  pos- 
sible to  denude  the  glans ;  and  the  groins 
continue  free  fi'om  all  swelling  and  lui* 
easiness. 

Semarkf.'^l  need  scarcely  obser%'e,  that 
the  ulcers  seated  ou  the  skin  of  the  {lenis 
were,  when  the  paticTit  applied,  in  the 
Stage  of  ulceration.  They  had  the  diffuse 
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LECTURE  XL\. 

ON  THE  OSTEOLOGY  OF  BIRDS. 

TiiR  arms  of  btrrls  nre  organised  for  the 
air,  and  their  legs  for  the  land  or  the 
water.  No  parts  of  animals  vary  «o  much 
in  form  and  striu  ture  a?  tlio  atlantal  and 
the  sacral  extremities ;  the  parts  remotest 
from  the  centre  of  the  skeiefon  are  the 
most  mutable  in  form ;  and  ths  organs  of 
progressive  motion  confnrni  most  to  the 
medium  in  whicli  animals  reside.  These 
parts  vary  indeed  so  much  in  the  same 
class  of  nnimal-j,  tli,it  we  mi2:ht  alnjost  bi; 
induced  to  imagine  that  in  organs  so  dif- 1 
ferent  as  the  human  band  and  the  fin  of  the 
porj)0)so,  or  Uig  wing  of  the  bat  and  the 
hand  of  the  mole,  all  unity  of  coni})osition 
was  lost;  and  in  passing  to  diScrcnt 
cUtsses  we  should  scarcely  expect  to  iind ; 
the  ?nme  elements  of  structure  >Yliich ' 
compose  the  tin  of  a  fish  or  of  a  turtle, 
metamorphosed  into  the  wing  of  a  bird. 
But  these  very  dlvi  isitics  of  foi  ru  of  the 
same  organ,  when  carefully  examined,' 
present  the  best  proofs  of  the  unity  and 
sfmplicity  of  the  plan  upon  which  all  or- 
ganic forms  are  constructed.  The  same 
instrument  which  serves  the  seal  to  cleave 
the  depths  of  the  sea  in  pursuit  of  its  prey, 
and  the  nrale  to  dig  its  nabtemneait  lap 

No.  547. 


byrinths,  carries  the  eagle  throngh  the 
regions  of  the  air,  and  the  migratory  birds 
over  mountains,  and  con^oits,  and  the 
ocean.  No  muscular  mechanism  could 
give  tbis'powcr  to  the  quadruped;  it  must 
have  every  system,  down  to  the  generative, 
constructed  on  the  plan  of  the  birds. 
With  twins  in  the  uterus,  filling  the  ab- 
domen, and  pressing  up  the  viscera  against 
the  lui\gs,  how  could  the  e^Ie,  spuming 
the  dull  earth,  dart  like  a  meteor  through 
the  air,  and  ride  at  case  above  the  cloudis  ? 
How  could  it  soar*  aloft  like  a  balloon 
through  the  attenuated  air  if  its  resjjira- 
tion  were  .confined  to  the  lungs,  and  its 
carcass  were  weighed  to  the  earth  with  a 
load  of  useless  marrow,  filling  all  the  ca^ 
vities  of  its  bones  ?  Its  respiratory  sys- 
tem, like  thai  of  an  insect,  passing  through 
all  parts  of  tbe  system,  through  the  bones 
of  the  face  and  the  skull,  through  every 
vertebra  of  the  column,  and  through  al- 
most every  bone  to  the  hands  and  feet, 
through  the  lungs,  and  through  the  large 
air-cells  within  and  without  the  trunk, 
not  only  renders  the  body  light  and  buoy- 
ant, but  by  aerating  the  branches  and  ca- 
pillaries of  the  systemic  as  well  as  the 
pulmooic  vessels,  the  temperature  of  the 
blood  is  raised,  to  develop  the  ovum  by  in- 
culmtion,  increased  energy  is  given  to  the 
muscular  system  fcr  their  aerial  exploits 
and  their  migrations  over  tiie  globe,  and 
redoubled  activity  is  communicated  to  tho 
circulating,  the  secreting,  and  all  the 
other  systems  of  their  economy.  Their 
nervous  system  and  the  organs  of  the 
senses  run  rapidly  forwards  to  a  high  stage 
of  development;  ossification  and  anchy« 
losis  proceed  through  their  skeleton  tcith 
unparalleled  activity,  and  to  an  extent 
unequalled  in  other  animals ;  and  the 
hairs  on  the  surface  of  their  body  are  me- 
tamorphosed into  feathers,  to  serve  as  light . 
ela?:tic  in?5tri;mcuts  to  iinjiel  them  through 
the  air,  so  that  every  part  of  their  eco- 
nomy conforms  to  their  aerial  life. 

We  have  seen  the  extensive  surface 
presented  by  the  sternum  for  the  attach- 
Client  of  the  jjoweiful  muscles  of  the  hu- 
merus, and  the  solidity  of  the  trunk,  by 
which  the  force  of  those  muscles  is  re< 
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doubled.  But  mnsclea  so  powerful,  and 

acting  with  siu  h  force,  instead  of  rotating 
the  humerus  in  its  glenoid  cavity,  and  bring- 
ing down  the  whole  arm  against  the  re- 
sisting air,  would  puU  down  the  head  of 


coid  bone,  it  would  he  actually  carried 

down  towards  the  entosteruum  {Uh\  g)  in 
the  direction  of  the  pectoral  muscles. 
The  head  of  the  humerus  would  be  car- 
ried down  altogether  from  its  fixed  posi- 


tlmt  bnne  from  its  fixed  centre  of  rotation,  |  tion  (f/r/,  be).    It  is  thus  that  the  cora- 


and  draw  it  to  the  median  plain,  unless  its 
descent  were  opposed  by  an  osseous  me- 
chanism of  unusual  force,  and  thiswefij)d 
in  its  scapular  arch  {UU). 

On  the  uppOT  part  of  the  sternum,  upon 
each-  side,  we  find  extendi nf;  from  the 
deep  transverse  articular  surface  {UUyi) 
a  strong  cooiprc6:>ed  bone  (6'//,  k),  which 

UU 


rises  upwards,  backwards,  and  outwards, 
to  the  head  of  the  humerus,  where  it  pre- 
sents a  slight  arched  articidar  depression 
for  the  attachment  of  the  head  of  that 
bone.  This  lart^o  and  powerful  bone  we  see 
continued  backwards  from  the  shoulder- 
joiut,  in  the  form  of  a  flat  curved  bone,  ex- 
tending, parallel  with  the  verfehi  ul  column, 
along  the  outer  surface  of  the  dorsal  part 
of  the  ribs.  The  hone  which  thus  passes 
down  and  expands  at  its  upper  and  lower 
pru  t,  extending  from  the  head  of  the  hu- 
juerus  to  the  sternum,  is  the  coracoid  bone 
{JtJUt  k).  The  narrow  flat  portion  which 
extends  on  the  back  part  of  the  trunk,  in  ' 
this  curved  form,  along  the  side  of  the 
yertebral  cdumn,  is  the  ttapnla  (UfT^  aab). 
"VVe  observe,  thus,  that  the  scapula  is  gene 


coid  bono,  by  far  the  most  important  in 
these  scapular  elements,  is  the  most 
largely  developed,  and  that  the  scapular 
bone  itself  {UUf  ad)  is  so  rcmaikabiy 
small. 

Higher  or  more  anterior  than  the  two 
coracoid  boues,  you  observe  an  arch  (UU, 
dde)  formed  by  the  meeting  and  anchy- 
losis of  two  bones.  These  two  bones  come 
down  from  the  cxtromify  of  tlie  coracoid 
bones,and  the  antciior  extrcuuty  of  tiit^sca- 
pulae,  and  they  direct  their  course  towarda 
the  extremity  of  the  crest  of  the  sternum; 
they  anchyloso  together,  however,  and 
sometimes,  as  in  this  pelican,  they  are 
anchylosed  to  the  entosternuin  (TT/,  y). 
They  are  the  two  clavicles.  They  are  an- 
chylosed together  on  the  median  line  in 
birds,  to  form  a  solid  arch,  in  order  that 
they  may  give  all  the  assistance  which 
their  strength  will  allow,  to  keep  the  head 
of  the  humema  <m  each  dde  from  comiai^ 
down  towards  the  median  plane.  From 
that  being  its  use,  you  nmst  at  once  per- 
ceive that  in  the  rapacious  birds,  which 
have  the  most  powenul  flight,  that  bone, 
composed  of  the  two  anchylosed  clavicles, 
must  be  most  powerfully  developed.  Tiius 
it  is,  that  in  the  eagles,  in  the  hawks,  in 
the  kites,  in  the  condors,  you  observe  not 
only  that  the  bone  is  comparatively  strong, 
hut  that  its  tw  o  i>arts  meet  at  a  very  oh- 
tii-^e  angle.  I  hohi  in  my  hand  tiie'two 
cla\  Iclcs,  anchylosed,  of  the  great  condor 
of  tiic  Andes,  a  bird  which  has  been  often 
seen  with  a  stretch  of  wing  of  more  than 
fifteen  feet.  Compare  the  bone  which  I 
bold  in  my  hand  ol  this  great  condor  with 
that  of  our  largest  and  roost  rapacious 
British  bird,  the  golden  eagle,  and  you  sec 


rally  much  less  than  half  the  size  of  the  |  how  remarkable  is  the  contrast.  This 
coracoid  bone  with  which  it  is  partially  clavicular  or  fork-like  bone  is  ten  times 
anchylosed.  The  great  object  of  this  sea-  j  as  large  as  that  of  our  golden  eagle.  In 


pular  apparatus  is  to  give  attachment  to 
the  powerful  muscles  of  flight,  and  to  kccj) 
the  needs  fii  the  humeri  asunder  during 
the  violent  effort  to  })ring  down  the  wingv 
to  strike  the  air,  to  prevent  the  powerful 
action  of  the  pectoru  muscles  from  caus- 
ing the  two  heads  of  the  humeri  to  ap- 
proach each  other  on  the  median  plane. 
The  principal  pillar  of  support  and  means 
of  resistance  is,  obviously,  the  coracoid 
bone.  Were  that  a  slender  or  thin  bone, 
U  would  yield  to  the  powerful  action  of 
those  enormous  muscles,  and  would  in 


the  birds,  therefore,  which  are  not  des- 
tined to  fly  much  through  the  air,  you  ob- 
serve that  that  hone,  the  forked  hon^ 
composed  of  the  two  clavicles,  is  a  slender 
boue,  and  that  its  two  parts  meet  at  au 
acute  angle,  as  in  this  peacock  [VU,  d  de)^ 
and  other  gallinaceous  birds. 

The  more  slender  the  clavicles  here,  and 
the  more  acute  the  angle  at  which  they 
meet,  the  less  resistance  they  must  ohvi- 
ouslyprcsent  to  theapproach  of  thehunieri. 
In  all  these  gallinaceous  birds  {JJU,  d  d) 
you  observe  how  long  and  s?ender  these 
iclcs  are,  and  the  acute  angle  at  w  hich 


stantly  be  broken  to  pieces ;  and  in  place  i  clavi 
of  the  humerus  rotating  ujion  the  articu-  they  meet.    Their  anchylosis  -  m  flte  me- 
2ac  surface  (^7/,  r;  at  the  end  of  the  cora-jdian  plane  i«  an  obvious  ad vuuia^^c  for  the 
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purpoies  for  -which  fhete  iKmw 
dnced ;  and  they  afford  also  an  example  of 
that  anchylosis  which  nnttrs  so  many  ele- 
ments, in  their  skeletou,  oi  pai  tii  that  are 
detached  in  other  animals.  Those  bones 
nre  placed  apart  from  each  other  at  their 
median  terminations^  and  have  the  ster- 
mnn  interpoted  between  them  in  quadru- 
peds, as  in  man.  In  the  ostrich  they  are 
of  little  use,  and  aro  vory  imperfectly  de- 
veloped. They  only  form  two  slender  pro- 
cesaea,  extending  downwards  and  inwards 
from  the  scapula ;  and  they  do  not  meet, 
nor  nearly  touch  each  other, — showing  of 
what  littw  importance  they  ave  in  these 
heavy  running  hirds,  and  how  much  they 
approach,  in  them,  the  detached  form 
which  they  have  in  mammalia. 

Thus  we  see  that  tlie  common  elements 
which  exist  in  the  scaptilar  arch  in  thi 
human  body,  have  changed  their  forms, 
their  magnitude,  their  proportion,  to  suit 
the  living  conditions  nf  the  hird,  and  the 
importantuses  whichit  is  to  make  of  those 
bones,  without,  however,  changing  their 
true  nature  and  thdr  connexions. 

Looking  at  the  wing  of  the  bird  in  its 
entire  state,  covered  with  all  its  feathers, 
and  imning  in  one  pieoe^  yon  would  Httle  i 
expect  to  find  so  close  a  iresemblance  in 
its  internal  structure  to  the  human  arm, 
M  you  actually  find  upon  examination. 
^Ilie  humertu  (ATiV,  e)  commenceaby  an 
expanded  hrond  head,  which  has  a  convex 
protuberant  articular  surface,  which  plays  1 
mAy  upon  a  very  aballow  arched  depres- 1 
sion,  formed  by  the  coracoiil  and  the  sea- 
uular  bones.    It  is  marked  behind  by  a| 
deep  depression,  at  the  bottom  of  which  , 
you  perci  i  I  rli   apertures  through  which  ; 
the  air  entered— the  air  that  was  conveyed 
through  the  air  cells  of  the  lutiila  from 
those  of  the  lungs.   By  these  apertures  | 
the  air  had  admission  to  the  rest  of  the  ^ 
hone,  and  displaced  the  thin  serous  mar-  | 
raw  that  originally,  in  the  young  state  of ' 
the  bird,  filled  all  this  hone.    At  its  distal 
extremity  we  observe  it  curved,  a  little  . 
bent  forwards,  and  terminating  in  two  j 
condyles,  upon  which  chiefly  plays  the  f 
uhia  (NN),  the  raditu  [NN)  being  hut  a 
slender  bone.   We  observe  in  the  radius 
and  the  hlna  of  birda,  that  the  articQlation 
of  these  two  hones  together  is  such,  as  to 
admit  of  almost  no  pronation  and  supina- 
tion,— that  the  hand  of  the  bird  is  fixed  in 
astibe  of  pronation,  and  that  its  motion  at 
the  wrist  is  in  the  reverse  direction,  nr  at 
right  angles  to  the  ordinaiy  motion  of  the 
wriat  of  quadrupeds ;  for  in  place  of  pos- 
^"     ing  a  power  of  flexion  and  extension, 
the  motion  at  the  wrist  in  birds  is  that  of 
abduction  and  adduction,  aa  we  see  also  in 
tbe  bats.  That  is  the  best  possihlc  direc- 
tlOBof  motioBfortbeluuidof  birdi.  It  it 


the  best  posHbm  to  llz  tha  bnd  of  th« 

bird  in  a  state  of  pronation,  and  in  such  a 
manner,  that  the  impulse  given  to  the  air 
shall  be  downwards  and  backwards,  and 
shall  have  no  posaible  means  of  bending 
hack  the  hand,  as  that  would  put  an  end 
to  all  effective  impulses  given  to  the  air. 
It  strikea  the  air,  therefore,  with  greater 
force,  an  advantage  entirely  resulting  from 
the  mechanism  of  the  solid  parts,  which  do 
not  allow  of  their  fingers  or  hand  bending 
up  by  the  stroke  given  to  the  air.  But 
there  is  another  obvious  advantage  in  the 
birds  possessing  only  the  power  of  abduc- 
tion and  adduction,  that  in  folding  the 
wing  the  hand  is  placed  along  the  dorsal 
margin  of  the  ulna;  that  in  the  folded 
state  of  the  wing,  the  little-finger  of  the 
bird,  like  that  of  the  bat,  runs  along  in  tlie 
direction  of  the  olecranon  of  the  iihia,  so 
that  the  whole  wing  when  folded  appiiea 
doaely  and  compactly  to  the  aide  of  A« 
trunk  in  birds,  and  the  large  quill  feathers 
of  the  wing  thus  applied  closely  along  the 
trunk,  reach  the  tail  of  the  bird.  These 
long  quill  feathers  covering  the  banda^ 
would  themselves  effectually  prevent  the 
finger  of  the  bird  from  folding  m  the  man- 
ner of  thoae  of  mammalia. 

At  the  wrist  in  the  bird  we  observe  only 
two  small  compressed  bones  {WW,  c  d), 
WW    two  bon^  of  the  carpus.  Th^e 
two  bones  are  placed  in  such  a 
SKll*  way  as  to  admit  of  extensive 
and  easy  adduction  and  abduo- 
tion  at  Uie  wriat,  but  ao  •»  to 
prevent  flexion  and  cTtonsion, 
or  any  kind  of  rotation,  wbicli 
would  bera  be  a  great  unper- 
fet  tion  in  the  medioniamot  tiw 
hand. 

The  metacarpal  bono  [^WW, 
€f§)  is  a  single  but  an  inter- 
esting hone;  it  hn-'  the  rudi- 
ments of  three  separate  bones 
anchyloaed  together.  Atilsup^ 
per  part  or  proximal  end  it  is 
very  broad,  and  it  has  a  process 
extending  forwards  towards  the 
extremity  of  the  radius,  which 
has  the  thumb  bone  or  inner 
finger  {WW,  A)  attached  to  it. 
Ehrtending  downwards,  we  ind 
that  the  greater  part  of  the  me- 
tacarpal bone  is  composed  of 
two  pieces  that  are  anchylosed 
tc^iether  both  above  and  below, 
and  separate  in  the  middle  of 
their  course.  These  two  por- 
tions (inr,  /  ff)  towards  tiie 
ulnar  side  of  the  hand,  give  attachment 
at  their  distal  extremity  to  two  fingers. 
Yon  would  therefore  say,  from  the  out- 
ward form  of  this  aggregate  metacMrpat 
boM,  whieb  is  anchylosed  into  < 
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as  well  as  from  the  connexions  of  the  [  the  thumb  is  lost  externally  in  fhe  very 

hone,  and  from  the  parts  that  arc  artiru-  first  order  of  quartru])ed3  l)elo\v  man;  that 
lated  to  the  bone,  that  it  haa  the  eleraenta  iu  many  of  the  quadruumnou^  animals 
oftbreemetacarpal  hones  nnited  together,  I  there  is  not  even  a  wart  projecting  from 
like  the  two  bones  of  the  wrist  and  anicle  the  hand  in  the  situation  of  the  thumb; 
of  rumhutniia ;  one  of  those  elements  (e)  that  there  is,  'sometimes  only,  as  you  see 
in  the  birds  serving  for  the  thumb,  the '  in  the  spider  monkey,  four  fingers  on  the 
second  or  middle  element  (/)  serving  for]  hand;  two  compose,  aUnost  alone,  the  hand 
the  attachment  of  the  middle,  the  largest  ;  of  the  mminantia,  and  those  two  fingers 


are  auchylosed  into  one  in  the  solidungula. 
The  pdvis  {XX)  of  birds  cooaiita  of  the 

XX 


finger,  and  the  small  lengthened  portion 
{§)  sonring  for  the  attachment  of  the  Iftde- 

finc;cr. 

The  thumb  {WWt  A)  consists  generally 
of  one  bone,  broad  at  its  proximal  f  and 
tapering  to  its  distal  end.  The  middle! 
finger  of  the  bird  consists  r^eucrally  of  t\s  o 
remarkably  compressed  and  lengthened  ^ 
bones  (WW,  kf),  and  a  small  terminal 
phalanx — thrco  phalanges  of  the  middle- 
finger.  The  little  finger  {WW,  i)  consists 
of  a  single  compressed  slender  tapering 
hone,  articulated  to  the  outer  or  ulnar 

element  of  the  metatarsal  bone,  and  the ;  ordinar}'  three  bones,  the  iliac  hones 
smallest  phalanx  iu  this  very  simple,  {XX,  a),  the  two  hc/iia  {XX,  b),  and  the 
though  lengthened  hand  of  the  bird.        | pubic  hones  (XA^,  c) .  The  iliac  bones  an- 

Zoologists  emjdoy  these  regions  of  the  chylose  to  the  li  afisvcrsc  procesrcs  of  nn- 


arm  to  characterize  by  distinct  names 
the  feathers  of  the  wing.  They  call  pri- 
mary feathers  the  featliers  that  are  at- 
tached along:  the  ulnar  side  of  the  hand. 


merous  sacral  vertcbra\  so  that  the  sacro- 
iliac articulation  is  of  great  extent  and 
security.  The  iliac  hones  anchylose  with 

the  ischia  ;  and  the  sacro-sci?.tir  notch  of 


iSecondary  feathers  are  those  attached  to  i  mamiualia  is  here  a  foramen  {XX,  h),  ex- 
the  forearm.  The  Mayw/anr  feathers,  those  cept  in  the  ostrich.  The  ischia  anchylose  at 
that  lie  over  the  humerus,  a  term  not  very  !  the  cotyloid  cnvity  {XX,/)  with  the  pubic 
Mppropriate.  The  battard  leathers  are  i  bones,  so  that  all  these  elements  of  the 
those  attached  to  the  thnrob.  pelvis  anchylose  together,  and  they  unite  to 

We  observe,  however,  that  although  form  the  acetabulum  for  the  femur,  as  in 
those  names  of  thumb,  middle-finger,  and  t  most  other  vertebrated  animals.  These 
little-finger,  may,  in  a  general  way,  be  bones  are  dense,  compact,  and  strong,  on 
given  to  the  three  fingers  of  the  mrd's  j  the  upper  and  dorsal  part  of  the  pelvis,  ad- 
hand,  they  are  in  fact  not  analogous  to  mitting  air  into  all  their  cavities.  They 
the  thumb,  and  the  two  succeeding  fingers  are  light,  compact,  white,  ami  dense,  in 
of  the  hand.  That  imld  be  easiest  as- 1  their  texture,  like  the  other  bones  of  the 
certained  by  observing  in  some  birds  skeleton,  v.  here  air  is  freely  admitted  into 
which  have  an  additional  finger,  whether  i  their  interior  cavities.  They  all  taper 
that  finger  is  upon  the  radial  or  upon  the  downwards  and  backwards,  and  acquire 
ulnar  side  of  the  hand.  Sometimes  the  |  greater  elasticity  as  they  approach  to  the 
thumb  terminates  in  a  spur.    Sometimes  posterior  and  lower  part  of  the  i)elvis ; 


there  is  a  spur  upon  a  distinct  phalan.v 
oft  the  radial  ride  of  the  thumb,  show- 
ing that  this  inner  finger  [WW,  h),  which 
is  generally  in  the  position  of  a  thumb  in 
the  bird's  hand,  is  not  tiie  true  analogue 
oftiie  thnmh  or  inner  finger  of  the  hand 


and  the  pubic  bones  {XX,  d  d)  have  their 
anterior  tmninations  at  a  distance  frcm 

each  other.  This  \n  the  normal  character 
of  tlicse  parts  in  tills  liighest  of  all  the 
oviparous  classes. 

We  observe  that,  most  generally,  the 


of  mammalia.  And  when  yon  reflect  j  aoo-o-mcAio/jc  notch  of  the  human  skeleton 
upon  the  imperfect  development  and  gra- 1  furmsadistinct  foramen (A'A',/iJ  in  birds,  by 
dual  disappearance   of  the  thumb  in  !  the  anchylosis  of  the  ischium  with  the  ilium 


<]uadrupeds,  the  shortest  member  in  the 
human  Iiand,  the  first  that  is  lost,  as  you 
descend  through  the  mammalia,  you  would 
not  expect  to  find  it  where  there  are  so 
few  fingers  left  on  the  hand  of  the  bird ; 
you  would  rather  expect  those  more  per- 
manent fingers  to  be  left  on  the  hand  of 
the  bird,  that  are  observed  to  be  more  per- 
manent in  quadrujicds.   We  shall  sec  that 


and  sacrum.  'Vhv  nhtu  rotor  ^oviuw^n  {XX,t) 
lias  here  a  remarkably  ieugtheucd  form,  cor- 
responding with  the  lengthened  form  of  all 
the  bones  of  tlie  pelvis.  The  pubic  boucsof 
birds  are  free  at  tlieir  terminations,  and 
elastic,  in  order  that  they  may  give  the 
necessary  support  to  the  contents  of  the 
j)elvis,  and  at  the  same  time  be  susceptible 
oi  dilatation  when  the  egg  is  passing  out 
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from  tbe  cloaca.  They  tbtis  give  both '  caping  from  all  its  ordinaiy  ibes.  Its 

support  and  the  means  of  c-j,'rc  ^  to  the  wings  are  but  imperfec  tly  constnicted  for 
contents  of  the  pelvis,  by  their  being ;  flight,  from  the  feathers  having  their  barbs 
thin  clastic  bones,  and  open  at  the  sytn- !  so^  and  decomposed.  The  1»rba  an  not 
physisofthe  pubis.    Had  they  been  an- ;  hereatiflf  and  fixed  to  each  other,but  are  soft, 

ch}  bsed  in  front,  or  had  the  y  met  by  a  [  downy,  and  float  in  that  loose  and  elegant 


symphysis  which  would  not  admit  of  dila- 
tation, >  the  egg  of  the  bird  would  necea« 

s?.rily  ho  broken,  because  the  egg  of  the 
bird  aci^uircs  all  the  solidity  which  it  is 
ever  to  possess,  within  the  cloaca;  and, 
therefore,  not  having  the  means  of  yield- 
ing to  pressure,  like  the  imperfectly  os- 
sified skuliji  of  u)ammalia,'and  the  soft  mem- 
branous eggs  of  reptiles,  it  has  the  means 
of  free  and  bafe  ec^ress  by  the  pubic  boiio:i 
being  permanently  detached — free  at  their 
extremities,  and  admitting  of  dUatation. 

Tlic  pelvis  of  the  ostrich  forms  a  re- 
markable excei»tion  (as  indeed  that  bird 
does  ill  inariy  other  parts  of  it»  structure) 
to  the  ordiuarv  and  normal  chai'acter  of  the 


manner  which  is  familiar  to  you,  and 
which  prevents  the  wing  from  giving  anjr 

forcible  or  effective  impulse  to  the  air;  the 
air  entirely  escapes  between  the  detbchcd 
fibres  or  barbules  of  the  feather.  It  is 
from  that  decomposed  and  soft  downy 
character  and  elephant  form  of  the  wing- 
featiiers  of  tiie  ostrich,  that  they  are  so 
valuable  in  commerce  as  ornamental  mt-* 
tides  of  (h'css.  They  are  valuable  or^^'ans 
to  the  ostrich,  althougli  not  lor  flying ;  for 
they  form  a  spreadmg  fiin  to  cool  its 
heated  carcass  after  its  rapid  course, 
scorched  by  the  stin  above,  and  reflected 
by  the  scorching  sands  of  the  desert. 
Every  organ  lias  its  use  in  the  living  eco- 


skeleton  in  this  class.  In  the  ostrich  -we  nomy  of  animals,  althoii':i;h  their  j)eculiar 
observe  nothing  remarkable  in  the  forms  j  or  reduced  forms,  or  our  ignorance  of  the 
of  the  iliac  bones;  but  we  observe  that  Hving  habits  of  the  species,  often  conceal 


between  the  iL<chium  and  the  ilium  the 
sacro-ischiatic  notch  remains  a  notch,  as  in 


their  uses  from  our  view. 

Althouirh  the  anterior  part  of  the  pelvis 


the  pelvis  of  quadrupeds,  a,nd  is  thus  con- 1  in  birds  is  open  and  remarkably  feeble  and 
'  trary  to  the  normal  character  in  birds,  yielding,  the  whole  dorsal  portion,  where 
Tlic  obturator  foramen  remains  a  foramen  the  cotyloid  cavity  is  placed  for  the  re- 


el'a  lengthened  form,  as  in  other  bints. 

The  pnbic  bones,  however,  you  will  ob- 
serve in  this  lara;o  pel' i<  tif  the  ostrich, 


ceptiou  of  the  sti'ong  bones  of  the  legs, 
possesses  great  strength-^-the  part  which. 

is  most  pressed  upon  by  the  os  femoris. 


have  not  only  met  and  Urmly  united,] while  the  whole  trunk  of  tbe  bird  rests 
hat  have  actually  anchyloscd  at  their  I  solely  upon  the  hind-legs.  It  acquires 
symphysis.  This  is  a  structure  of  the  \  this  strength,  not  only  by  the  great 
pelvis  which  is  anormal  in  the  ostrich,  development  of  tbe  iliac  hones,  and  by 


'  and  brings  it,  in  that  part  of  its  body  (aa 
in  almost  all  its  other  peculiarities),  very 

near  to.  the  structure  of  quadrupeds. 
Even  tbe  form  of  the  ischium  on  each 
side  approaches  to  the  rounded  form  of 

the  ischium,  so  common  in  the  mammalia. 

The  form  of  tho  symphysis  in  the 
ostrich  even  apjHOrichcs  to  the  broad 
Ibrm  of  those  two  terminations  of  the 


the  strength  and  great  magnitude  of  the 
sacrum,  but  also  by  the  complete  anchy- 
losis, as  well  as  the  remarkable  extension, 
of  those  bones  composing  the  back  jpart  of 
the  pelvis.  Tbe  vertebral  canal  is  en- 
larged in  the  middle  of  the  sacrum  between 
the  two  cotyloid  cavities,  like  a  cranial 
cavity,  in  birds,  at  the  place  where  tho 
great  nerves  of  the  legs  pass  into  tho 


pubic  bones  in  quadrupeds.  The  cotyloid  spinal  marrow,  and  the  intervertebral 
cavity  is  formed  by  the  junction  of  the  |  foramina  are  distinctly  double  along  each 
three  ordinary  elements  of  the  pelvis,  |  side  of  the  whole  sacrum,  as  you  see  in 

situate  far  forwards  in  the  ostrich,  that  |  this  of  the  wild  s\s  an  'XA').  The  ccty- 
the  hind  legs  may  ])oisc  the  great  car-  loid  cavity  forms  a  complete  foramen,  its 


cass  of  that  bird  as  nearly  as  ])f)ssiblc 
under  ^e  centre  of  gravity.  These  enor- 
mous and  strong  bones  of  the  pelvis  of 
tbe  ostrich  give  attachment  to  xK>wcrful 
muscles  which  move  the  legs  of  that 
bird,  which  you  observe  to  have  bones 
of  the  leg  like  the  bones  of  an  ox's  leg, — 
It  muscular  strength  by  which,  though 
they  cannot  fly,  they  are  enabled  to  out- 
strip, by  running,  the  fleetest  race-horse, 
when  pursued  over  the  burning  sands  of 
Africa.  So^  that  although  It  has  not 
wings  cajriblc  of  raising  it  into  the  air, 
it  Im  the  means  of  outstripping  and  cs- 


posterior  or  inner  part  not  being  filled 
with  bone,  but  only  by  membrane,  as  is 
general  in  the  ])nrtition  of  the  orbits. 

The  head  of  the  femur  {NN^  v)  in  birds 
is  very  short,  small,  and  rounded,  with  a 
very  short  cervix,  and  projects  at  a  right 
angle  a  little  lower  than  the  trochanter 
major,  which  here  forms  an  extensive 
arch  firom  before  backwards.  The  femur 
is  almost  always  a  short  and  strong  bone, 
hollow  throughout  internally,  and  with 
thin,  compact,  diaphonous  parietes,  what- 
cv  r  the  lon2:th  of  the  legs  :  so  that  the 
length  of  tbe  legs,  which  is  to  remarJ^bio 
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in  the  grallatorcs  or  the  wading  birds,  and 

10  short  in  the  swimming  or  aquatic  birds 
— tlioM  differences  in  length  do  not  de- 
pend nnon  the  femur,  but  u])on  the  bones 

of  the  leg  that  succeed.  The  air  is  ad- 
mitted into  the  femur  by  a  large  aperture 

011  t)ie  fore  part  of  the  trochanter  major. 
We  observe  between  the  two  prominent 

sharp  condyles  of  the  lower  part  of  the 
femur,  thepatdla,  situate  as  in  mammalia. 
The  upper  part  of  the  long  tibia  (AW,  to) 
receives  the  lower  extremity  of  the  femur, 
and  derives  little  aid  m  that  articulation 
from  the  imperfectly  developed  fibula. 
The  fibula  is  always*  in  birds,  an  imper- 
fectly developed  bone,  generally  small, 
tapering  and  anchylosed  at  its  lower  part 
to  the  tibia,  although  separate  at  its  upper 
or  proximal  part.  Sometimes  it  is  de- 
tached throughout  the  whole  length.  It 
tapers,  you  observe,  downwards,  to  a  fine 
spiculutn  of  the  bone,  towards  the  middle 
of  the  tibia,  and  there  imperceptibly  termi- 
nates ;  whereas  l^e  lower  part  of  ttie  tibia 
is  very  much  expanded,  and  strong,  for  a 
broad  and  secure  articulation  with  the 
tarsus.  We  observe  in  this  disappearance 
of  the  fibula  at  its  lower  part,  an  illustra- 
tion of  a  law  that  is  very  constrint  with 
regard  to  the  extremities  of  aumiais.  The 
central  part  of  the  skeleton  is  the  verte* 
bral  column.  The  parts  that  are  most  re- 
mote from  the  centre  of  the  vertebral 
column,  are  tliose  which  imdergo  the 
greatest  niimber  of  changes  of  form.  We 
observe  that  the  bones  of  the  extreTnities 
become  anchylosed,  both  m  the  auierior 
and  posterior  extremities,  and  that  they 
di-^nppear,  not  from  their  nearest  parts, 
but  irom  their  distal  towards  their  proxi- 
mal extremity,  so  that  in  the  arm  we  ob- 
serve the  ulna  first  becoming  anchylosed 
at  its  lower  end  to  the  radius ;  then  it 
begins  to  be  diminished, — to  become  gra- 
dually more  and  more  undistinguishable, 
from  the  lower  part  of  the  ubia  upwards 
towards  the  olecranon,  until  wc  find 
only  the  olecranon  left,  anchylooed  to  the 
upper  and  back  part  of  the  radius;  or  left 
loose,  to  form  a  rotula  of  the  cli)()w,  as  in 
some  bats.  So  it  is  with  regard  to  the 
Jihuia\  its  distal  extremity  disappears  first, 
and  it  gradually  disappears  from  below,  up 
towards  its  proximal  extremity,  as  here  in 
the  leg  of  the  birds. 

The  tibia  in  birds  is  a  bone  which  va- 
ries remarkably,  both  in  its  length  and  in 
its  strength,  where  the  birds  wade  on 
the  banks  of  lakes  and  rivers,  or  of  the  sea, 
in  search  of  the  young  fiblies  that  come  in 
myriads  towanls  the  shores,  we  find  that 
tl)at  part  of  the  leg  below  the  knee  is  very 
much  lengthened,  and  that  it  is  totally 
destitute  of  plumage,  so  that  it  forms  the 
viggmvoKiit  when  the  bird  is  walk^g  in 


the  water,  of  long  naked  stilts.   It  is  from 
\  this  appearance  that  those  wading  binls 
I  have  received  the  name  of  grallatores,  as 
I  you  see  in  the  storks,  in  the  cranes,  the  he- 
rons, the  spoonbills,  and  many  others,  Tii 
these  you  obser\'e  the  tibia  to  be  ol  great 
i  length,  and  the  metatargal  bone  (FF,  a  b), 
which  succeeds,  to  have  also  a  very  length- 
ened form.  That  metatarsal  bone  in  birds 
somewhat  resembles  the 
long  conuuou  bone  of 
the  legs  of  ruminating 
and  solidungulous  quad- 
rupeds, which  succeeds 
the  tibia  and  the  small 
bones  of  their  tarsus. 
It  has  an  irregular  or 
uneven   proximal  arti- 
cular surface,  with  two 
deep  depressions,  one 
oneachude,  for  the  two 
prominent  condyles  at 
the  lower  extremity  of 
tlie  tibia.  The  meta- 
. tarsal  bone  presents  at 
its  lower  extremity,  ge« 
nerally,  three  articuutr 
pulley  -  like  processes^ 
aerving  for  the  attach- 
ment of  the  three  toes 
which  you  most  fire- 
Quently  find  in  birds 
directed  forwards.  It 
contains  the  rudimentSa 
in  fact,  of  three  raeta-. 
tarsal  bones  anchylosed 
into  one,  as  you  observe  by  its  triciioto- 
mons  division  at  its  lower  end.  There 
are  no  tarsal  bones  in  hii  1- ;  and  we  ob- 
serve that  in  passing  downwards  through 
the  class  mammaTia,  the  smaU  bones  oi 
the  tarsus  gradually  disappear,  until  we 
are  left  with  very  few  in  the  ruminating 
animals.    This  pulley-like  foim,  which 
you  observe  at  the  lower  part  of  the  meta- 
tarsal bone  in  thU  domestic  cock  (11'',  4), 
I  you  find  remarkably  imitated  in  the  cor- 
I  responding  metatarsal  bone  of  the  long  1^ 

.  of  tlie  jerboa,  one   of  the  rodenlia.  It 
I  terminates  below,  in  three  pulley-like  ar« 
I  ticulations.   Besides  those  three  pulley- 
|like  terminal  articulations,  we  can  gene- 
rally perceive  at  the  lower  part  of  the 
metatarsal  bone  lu  birds,  at  its  inner  and 
poeterior  surfiuse,  a  depression  whidi 

marks  the  attacliment  of  an  inner  niftit' 
tarsal  bone  >,  cj,  a  small  bone — a  bone 
that  is  coimected  with  the  thumb  of  tho 
bird,  or,  rather,  with  the  toe  that  is  di« 
reeled  back\varfj«,  find  v.liieb,  conse- 
quently, is,like  a  thumb  in  function,  being 
opposable  to  the  otiier  toes.  That  poste- 
rior tor  is  attached  to  the  metatarsus  of 
the  bird  by  a  detached  bone,  a  metatarsal 
small  bone.  The  attachmcut  of  that  smaU 
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bone  leaves  a  tlopression  upon  the  large 
metatarsal  bone  (I'J',  a  lA,  so  that  even 
where  you  canuot  find  the  metatarsal 
bone  of  the  toe  thtt  ft  directed  hack' 
wards,  yon  will  find  that  on  the  large 
metatarsal  bone  you  have  an  indication  of 
the  feimw  pretence  of  the  posterior  toe 
IB  tills  vticiilar  deprenlon  of  its  meta- 
tarsal hone. 

Thuji  \fce  liave  generally  in  birds  three 
toes  directed  forwardt*  and  one  toe  direct- 
ed backwards.  The  first  pba'aug^  ^  of  tho 
toes  directed  forwards*  have  their  proxi- 
mal extremities  articidated  with  the  three 
polley-like  tcnninations  of  the  great  meta- 
tarsal bone.  The  outer  toe  of  birds  (J'F, 
<?  1),  the  one  correspoudiug  to  the  little- 
toe  affile  bnmati  foot,  has  five  bones  in  it. 
The  second  toe  (FF,  e  2),  which  is  the 
middle  toe  of  tbote  directed  for\v'ards,  ha^ 
fonr  bones  in  it.  The  third  toe  (17  ;  / 
or  the  innermost  of  the  three  toea  that  are 
directed  forwards,  has  three  bones  in  it. 
The  fourth  toe  (FF,  y  4),  or  the  one  th.it 
is  dfareeted  backwards,  when  it  is  present, 
has  two  boiic^f.  It  is  remarka?>le  to  ob- 
serve the  constancy  of  this  arrangement 
of  the  bones, — this  nvmerical  relation  of 
the  osseous  j)arts  of  the  feet  of  birds. 

Zygodactyiows  birds,  woodpeckers,  cock- 
atoos, parrots,  and  tucb-Iike  dirobing 
birds,  have  two  toes  directed  forwards, 
and  tvo  directed  hack  wards,  as  you  sec 
in  the  cuckoos  and  woodpeckers  before 
yon;  they  have  two  toes  directed  back- 
wards in  consequence  of  the  outer  toe 
being  reversed,  turned  backwards  like  the 
inner  toe  or  thumb  of  the  bird.  That 
we  can  easily  ascertain  by  counting  the 
number  of  bones  that  are  in  the  toes  whic  h 
are  directed  backwards.  You  could,  hy 
ascertaining  that  one  of  these  toes  had 
five  bones  and  the  other  had  two  hones, 
discover  .that  the  two  which  arc  directed 
backwards,  are  not  the  two  toes  which  are 
next  to  each  other  in  the  foot,  hut,  on  the 
contrary,  the  tVkO  which  are  most  remote 
from  each  other,  w  hich  are  in  all.  such 
birds  directed  backwards,  and,  tbenfore, 
that  the  two  toes  which  in  those  case'«  fire 
dir^ted  forwaiils,  are  the  two  middle 
toes,  or  ttie  second  and  third  from  the 
outside  of  the  ff  ot  of  the  l>ird. 

Many  birds  have  three  toes,  as  you  see 
in  the  cammvan%  in  the  emu,  in  the  Atnc- 
rican  ostrich,  and  in  many  others.  By 
counting  the  bones  of  the  three  toes  that 
arc  left,  you  nt  once  see  whether  the 
outer  toes  have  ditappeared  or  the  inner 
toes.  You  find  that  the  outermost  nf  these 
three  toes  has  five  boues,  that  the  middle 
toe  of  those  birds  has  four  bonet,  and  that 
the  inner  toe  has  three ;  so  that  the  toe 
that  h  \o9t  is  the  one  that  iu  most  birds  is 
turned  backwards. 


The  OB^h  of  Africa,  however,  has  but 
two  tnes  on  each  foot.  One  of  those  toes, 
the  inner,  is  of  great  size  and  strengtli, 
and  the  other  is  a  comparatively  small 

toe  without  a  claw,  whereas  the  large  toe 
is  covered  with  a  hoof  almost  like  that  of 
a  ruminating  animal.  It  is  the  great  in* 
stniment  of  ]jrogressive  motion,  and  that 
with  which  by  its  kicks  it  defend?  itself 
when  pursued  or  irritated.  ^  ou  perceive, 
by  cscamining  these  bones  of  the  toes  of 
the  ostrich,  that  the  outer  small  top,  not- 
withstaiidiue  its  f.hortncss,  and  being  des- 
titute of  a  ctew,  has,  as  in  the  outer  toe  of 
all  other  birds,  five  bones,  and  that  the 
next  toe,  more  than  double  the  size  of  the 
outer,  has,  notwithstanding,  only  font 
bones.  The  ostrich,  therefore,  is  deficient 
oil  the  inner  part  of  the  foot,  and  ^^'nnts 
nothing  on  the  outer,  excepting  the  claw. 
The  most  permanent  part  of  the  foot  of 
animals  is  the  outer.  So  is  it  in  the  hand 
of  (jnadnipeds ;  the  thumb  is  soon  lost ;  and 
in  the  li;iu<l  we  obj^ri  ve  that  the  next  finger 
becomes  diminutive,  and  so  does  the  Utdo 
finger  in  (^ladrupeds,  until  they  are  only 
left  iu  an  imperfect  rudimentary  state,  and 
the  two  middle  lingers  only  are  continued 
to  the  f^round,  as  in  the  nmiinrxHnc:  nni- 
inals,  which  are  anchylosed  into  one  in 
the  zebra  and  other  pru-JajdemUi* 

I  have  examined  often  the  very  ejtt^* 
sive  collection  of  skeletons  of  birds  pre- 
served in  the  Museum  of  Comparaiivo 
AjasComyat  Fttiis,  and  have  observedtfaat 
this  arrangement  of  the  bones  of  the  toes 
i<  remarkably  uniform  in  the  class.  Ex- 
ec]) t  ions  have  oceasiomdiy  been  men^oned 
in  books,  but  those  exceptions  generally 
(fepend  on  the  iniporfoet  mode  in  which 
the  legs  have  been  articulated  after  the 
maceration  of  the  hones.  There  is  a  ske- 
leton of  the  ostrich  in  the  museum  at 
Paris,  which  has  four  bones  in  the  one 
toe  and  four  bones  in  th6  other.  That  was 
one,  jjerhaps,  of  the  earliest  artii  ulatt  d 
specimens  of  the  ostrich's  feet  in  Paris.  It 
was  described  in  the  Lac.  d'Andf.  Camp,  by 
Baron  Cuvikr  firdttithis  skeleton,  as  hav- 
ina;  four  bones  in  each  of  the  toes,  natu- 
rally enough.  A  splendid  figure  of  this 
foot  of  tlie  ostrich^the  bones  of  the  fbot^ 
was  published  hy  Marischal,  the  disttb- 
guished  diuftsman,  formerly  employed  Iti 
the  Garden  of  Plants;  and  thatlai^ fo1k» 
enr^raving  gives  four  bones  to  the  outer, 
and  four  to  the  inner,  toe  of  thp  o<;trich. 
A  skeleton  was  afterwards  articulated  un- 
der the  inspection  of  Baron  CuvrKa,  in 
which  attention  was  paid  particularly  to 
the  osteology  of  the  feet  of  the  bird :  the 
five  phalanges  of  the  outer  toe  were  then 
found  as  in  other  birds,  and  that  skeleton 
now  stands  beside  the  former  erroneous 
one.   Cuviaa  corrected  his  original  error 
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in  the  Retfftt  Animal.  There  is  scarcely 
one  correctly  articulated  skeleton  or  foot 
of  the  ostrich  at  i»resent  (1833)  in  the 
British  dominions. 

I  have  not  met  with  any  exception  in 
the  class  of  birds  to  the  niuaerical  relation 
I  have  mentioned  of  the  ])halanf;es  of 
the  toes.  The  exceptions  stated  by  Carus 
I  have  carefully  examined  iu  the  i:ollec- 
^ona  at  Pttria  and  elsewhere,  and  there  are 
none  of  those  mentioned  by  hitn  that  are 
really  exceptions.  The  skeletons  which 
have  been  carefully  articulated,  show  that 
the  bones  pursue  the  same  normal  rela- 
tion. 

We  see  thus,  that  in  the  most  frequent 
structure  of  the  foot  of  Urds  there  are  but 

four  toes,  three  directed  forwards  and 
one  backwards ;  so  that  we  have  here  lost 
one  of  the  toes  of  the  mammalia,  one  of 
the  toes  common  in  reptiles  and  even  in 
amphibia.  Which  of  the  toes  slinuld  we 
expect  to  be  thus  lost  in  the  bird,  \i\  pass- 
ing downwards,  or  indeed  in  passing  up- 
wards, .for  both  above  and  below  we  find 
five  toes  developed  ?  From  the  ordinary 
law  of  the  deficiency,  and  the  little  use, 
comparatively,  as  a  means  of  support,  of 
the  inner  toe  fif  'runrnals,  we  should  cx'i)ect 
tliat,  tlitit  ratlici  ilian  the  outer  is;  the  toe 
which  is  deficient  in  the  bird.  So  that 
if  that  fifth  member  of  the  foot  should 
be  found  in  some  species  of  birds,  al- 
though deficient  throughout  the  class  ge- 
nerally, you  would  expect  to  find  in  that 
so  generally  deficient  member  not  two 
bones,  because  there  are  two  bones  in  the 
fourth  toe  tliat  is  directed  bad^wardt.  We 
should  expect  to  find  in  it  one  hone  less 
than  in  the  usual  inner  toe,  which  is  di- 
rected badcwards,  and  in  many  gallinaceous 
birds  we  observe  the  spur  of  the  male 
{k'Vf  6)  to  be  placed  on  the  inner  side  of 
the  long  metatarsal  bone,  and  to  be  sup- 
ported only  by  a  single  claw-bone,  similar 
to  the  last  phalanx  of  all  the  other  toes  of 
the  foot.  The  respective  numbers  of 
phalanges  in  the  toes  of  birds,  therefore, 
passing  from  without  inwards,  are  n,  4, 
%  %  1.  The  inner  toe  of  the  foot  of 
quadrupeds,  the  posterior  thumb  of  qua- 
druniaua,  and  the  great  toe  of  the  human 
foot,  thus  shrunk  to  the  spur  of  a  cn:-k  ! 
And  yet,  to  pursue  tiiis  matter  curiously, 
it  is  even  so. 

Thus  the  skeleton  of  l)ird.s,  remarkalde 
among  the  vertebrated  classes  for  the  uni- 
formity of  its  structure  throughout  nearly 
live  tliousand  si)ceies  of  the  feathered 
tribes,  and  the  first  we  have  seen  of  the 
warm-blooded  animals,  presents  charac- 
ters intermediate  between  that  of  the  cold- 
blooded reptiles  and  that  of  tlic  highest 
class  to  which  man  belongs.  Isotwith- 
tttwding  the  eixtraoffdiiuiiy  efects  on  their 


osseous  systrm,  of  their  extensive  respira- 
tion, their  high  temperature,  their  rapid 
circulation,  and  the  increased  energy  of 

all  their  functions  in  early  consolidating 
and  anchylosing  so  many  parts  f>f  their 
skeleton,  we  can  still  perceive  iiulications 
of  an  inferior  grade  in  many  of  its  parts. 
The  mode  of  articulation  of  the  vcrtcbne 
with  each  other,  and  their  union  by  a 
single  condyle  with  the  occipital  bone,  the 
j  pcru)anent  separation  oftheos  quadratum 
•  and  the  iitcrygoid  bones,  the  chelonian 
i  form  aiul  covering  of  the  jaws,  and  the 
I  great  magnitude  f>f  tlie  orbits,  the  great 
'development  of  the  coracoid  bones,  and 
the  constant  e.xistencc  of  false  ribs  anterior 
to  the  true,  the  imperfect  development  of 
the  hand  for  prehension  or  solid  support, 
and  the  permanent  separation  of  the  pubic 
bones,  remove  these  animals  from  the  type 
of  the  mammalia,  and  connect  them  iidtli 
inferior  tribes.  So  that  while  nature  ap- 
pears thus  suddenly  to  bound  forward  to  a 
more  elevated  and  more  perfect  form  of 
the  skeleton  in  this  class,  we  can  still  by 
a  careful  and  extended  comparison  of  its 
parts,  trace  the  successive  steps  of  the 
same  regular  and  uniform  ])lanof  develo[)- 
mcnt  which  she  has  undeviatinf^ly  fol- 
lowed in  the  perfecting  of  individual  sys- 
tems of  the  economy,  and  in  the  construc- 
tion of  all  oiganio  forms* 
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Cauftps  of  Failurp  in  Ventseetion, — Aow  fo 
be  remedied.  —  Operation  of  Vetieseetion. 
— JujurioHs  Effects  of  Blood-let ting^—' 
immediately  after  Injuries, — durhirj  a  fit 
of  ApopUvjff — 1»  particular  (jMea  o/  !»- 
jiammttlion, — in  irr^fuhr.JHtirUuiiom  pf 
Blood— in  Specific  Diseases. — Different 
Methods  of  Abstracting  Blood ; —  When  fo 
be  employed^ — by  Vetiesectioii^ — by  Cup- 


Caum       Failure  in  VeaeieHkmf^kow 
to  be  Jtemedied, 

In  endeavouring  to  point  out  the  in- 
dications by  which  the  quantity  of  blood 
should  be  regulated  when  blood-letting  it 
had  rcconrsc  to  in  the  treatment  of  dis- 
eases, it  has  been  taken  for  granted  that 
the  surgeon  has  it  always  in  his  power  to 


Digitized  by  Google 


THE  LANCET. 


Vol.  I.] 


LONDON,  SATURDAY,  MARCH  1, 1834. 


[1833-34. 


VNIVEBSITT  OF  LONDON, 


LECTURES 
ow 

CUAirAKAn  VE  ANATOMY 
AND 

ANIMAL  PHYSIOLOGY, 

DBLITERED  BY 

ROBERT  E.  GRANT,  M.D.,  F.R.S.E., 
&C.,  Ace.  i 

Fellow  of  the  Roy.  Coll.  of  Physicians  of  Eilin. ; 
■ad  PrbfaMor  of  CompMralive  Aiutony  and  Aol- 
nil  Fbyaiol«cy  ia  the  Univcisity  of  Loadoa. 

LECTURE  XX. 

ON  THE  OSTEOLOGY  OF  CETACEOUS 
MAMMALIA. 

The  sea  teems  with  animals  of  gigandc 
hulk,  but  of  infsrior  organization  to  those 
of  the  land  or  the  air.  The  lowest  animals 
of  each  daas,  and  the  lowest  classes  of 
this  great  kingfloin  of  nature,  arc  inhabit- 
ants of  that  dense  clement  which  encom- 
passes three  fourths  of  the  surface  of  this 
planet.    Relieved  from  muscular  exertion  ' 
by  having  their  ciir("i'<«  suspended  in 
liquid  raeiiium,  and  btunnlHteil  incessantly  i 
on  the  stirfiu»  by  so  dense  an  client, 
they  remain  nearer  to  their  primitive  con- 1 
ditioo.   Where  all  animals  are  alike  sur-  ' 
rounded  with  a  fluid,— their  vital  idovC' 
nieiits  beinc;  directed  to  the  elaboration  of 
the  simpler  elements  of  structure, — the  | 
march  of  their  internal  development  is  j 
arrested.   Xbxs>  is  not  more  manifest  in  | 
the  permanent  tadpole  condition  of  the  i 
fishes,  than  in  the  fish-like  forms  of  the  I 
marine  mammalia,  which  permanently  re-  ' 
tain  tlie  legless  embryo  state  of  our  Fpc-  ' 
cics,  when  the  body  consists,  as  in  them,  1 
almost  alone     the  trunk  and  its  caudal 
prolongation.   Their  most  essential  and  j 
most  important  organs,  ho\vev<'v,  are  con- 
ttrueted  on  a  plan  diil'creut  ixuiu  that  of  ^ 
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the  fishes,  or  any  other  vertebrated  forms 
we  liavc  hitherto  considered,  especially  in 
all  that  relates  to  the  production  of  the 
species;  they  are  viviparous  and  mamrai- 
fw>ns,  lOce  man  himself,  and  form  a  port 
of  the  last  and  highest  Glaaa  of  the  animal 
kingdom. 

The  massive  and  durable  forms  ofmam" 
maUa  are  supported  by  a  strong  and  solid 
frame-work,  the  bones  of  w  hich  have  a 
composition  and  texture  between  the  dense 
and  light  ^r-tubcM  of  birds,  and  the  soft 
and  8ponc;y  Iiotics  of  reptiles.  The  solid 
walls  which  bound  the  periphery  of  the 
bones  of  mammalia,  are  thicker  and 
stronger  considerably  than  in  birds.  The 
cavities  of  the  long  bones  are  smaller,  and 
more  subdivided  by  internal  cancelli,  tiiau 
those  of  birds,  but  they  are  larger  than 
any  cavities  found  in  the  cancellated  bones 
oi  reptiles.  In  (quadrupeds,  those  cavities 
are  filled  with  marrow,  which  gives  a  cer- 
tain decree  of  toughness  and  eliisticity  to 
the  bones ;  in  birds,  they  are  filled  with 
air,  to  h'ghten  the  skeleton.  The  texture  of 
the  bones  in  quadrupeds  is  more  coarse 
than  in  that  of  birds,  and  the  fibrous  struc- 
ture is  more  obvious.  There  is  a  gi*eatcr 
proportion  of  animal  matter  in  them  than 
in  the  lionos  of  birds;  they  are,  thus, 
tougher,  less  brittle,  and  by  their  greater 
thiclcness  they  are  stronger.  The  skdeton 
of  quadrupeds  is  constructed  nearly  upon 
fhc  same  general  plan  throtighout  all  the 
orders  of  this  class,  in  the  essential  parts 
or  ceT\tral  portion  of  the  body.  TTie  ver- 
tebral colunin,  that  series  of  hollow  seg- 
ments which  forms  tliC  central  jpillar  of 
the  skeleton  of  v»tebratedanimab,i8that 
l)art  the  variations  of  which  are  most 
characteristic  of  the  different  classes  of 
these  animals.  We  find,  therefore,  that 
there  are  characters  of  the  bodies  of  the 
vcrtcbrse,  which  we  can  trace  throiu'h  the 
class  of  birds,  others  which  we  can  trace 
through  the  reptOes,  other  characters 
which  distinguish  the  vertebrae  of  fishes. 
So  with  regard  to  the  vertebral  column  of 
mammlferotts  animals.  But  as  you  pass 
anteriorly  or  posteriorly  from  the  middle 
of  the  rertchral  column  in  t[\iaf]riiped8, 
yuu  nad  moditications  more  auU  mure  cx« 
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tenaive  introduced.  Thus  the  coccygeal 
region  and  the  cxtreuiity  of  the  face,  the 
two  ends  of  the  vertebral  cohimn,  present 
the  greatest  varieties  of  form  of  all  this 
central  pillar  of  the  skeleton  in  mammalia. 
When  you  pass  on  either  side  of  the  co- 
linnii  to  less  important  parts  of  the  skele- 
ton, to  the  extremities,  and  particularly  to 
the  distal  parts  of  those  extremities,  you 
see  still  greater  mo<lification8  of  form. 
Thus  vre  see  faithe  same  class  of  animals, 
in  the  cetacca,  no  trace  of  legs,  but  only 
arms  developed,  while  the  legs  of  the  kan- 
garoo are  many  times  the  size  of  their  di- 
minutive arms.  The  hand,  the  extremity 
of  the  anterior  member,  we  see  compara- 
tively small  and  diminutive  In  the  heavy 
elephant;  short  and  diminutive,  though 
strong,  in  many  of  the  burro"^*inf^  quadru- 
peds j  and  we  see  it  in  the  liat  of  great 
length  and  size,  tb  assist  that  (]uadruped 
In  pursuit  of  its  prey  tVirout;!]  the  air. 

Examining  the  class  mammalia  in  this 
manner,  we  perceive  that  the  orders  of 
quadrupeds  may  be,  and  really  are,  found 
ed  apon  tririal  differences  of  the  (mtvford 


parts  of  the  body ;  yet  the  characters  of 
this  class,  and  of  all  the  classo^i  of  vorte- 
brated  animals,  are  founded  on  miporLant 
differences  of  internal  structure.  The  form 
thus  varying  in  peripheral  or  in  trivial 
parts,  we  are  ])rc  pared  to  find  in  the  fin  of  a 
porpoise  or  a  grampus,  the  oi-dinary bones 
of  the  human  hand,  slightly  modified  in 
form ;  and  we  are  prepared  also  to  find 
them  variously  modified  in  the  wing  of  the 
bat,  and  in  the  foot  of  the  mammalia,~ 
even  in  the  solidungulous  feet  of  the  zebra, 
of  the  quagga,  and  of  similar  pachyderma. 

Proceeding  to  the  inditddual  forms 
which  characterise  the  orders  of  this 
most  diversified,  most  elevated,  &nd  most 
interesting  cf  afl  the  dasses  of  verte* 
bratcd  animals,  we  arrive  at  that  fish-like 
form  of  the  mammalia,  which  so  pecu- 
liarly distinguishes  the  cetaceotut  animalji, 
the  most  imperfect  skeleton  of  all  tlM 
mammifeTOUs  aninia!=i,  or  the  most  de* 
fective  in  many  important  parts. 

The  general  ontihie  of  tiie  skdeton  of 
rrtaceous  animals,  you  perceive  from  the 
specimens  of  the  skeleton  (ZZ)  of  thex>or- 


poise  that  are  before  you.  The  structure 
of  those  iskuletuns  is  such  as  to  leave  a 
large  posterior  portion  [ZZ,  I  v)  of  the 
vertebral  column  quite  free  for  motion 
upwards  and  downwards,  and  even  for  a 
considerahle  extent  of  lateral  motion,  but 
not  at  all  c(pial  to  that  of  the  perpendi- 
cular direction  of  motion.  The  fixed  part 
of  the  column  or  the  trunk  here,  is  placed 
lar  forwards  on  the  vertebral  column.  Tlie 
fixed  part  of  the  vertebral  column  to  which 
the  ribs  are  attached,  from  which  the  im* 
)»ortant  organs  of  individual  nutrition  are 
suspended— all  this  is  placed  far  forwards, 
as  in  fishes,  and  for  the  same  reason. 
From  the  grest  mobility  required,  and  the 
constant  motions  through  life,  fromavery 
early  period,  of  the  vertebral  column,  and 
the  total  want  of  po::>terior  extremitieti 
and  of  a  fixed  pelvis,  there  can  be  no 
sacnim  in  a  cetaceous  animal.  Cetaceous 
animals  thus  organised  to  swim  constantly 
through  the  sea,  and'  being  inc^table  of 
coming  upon  shore  to  rear  their  young  in 
caverns,  like  seals  aiid  walruses,  whirli  are 

higher  tiiiuunlSf  wu  iiud  liiiit  lUc  iunxi  aud 


structure  of  their  arms  remarkably  ap- 
proach to  those  of  the  extinct  aquatic 
sauria,  and  to  those  of  fishes,  and  this  re- 
semblance is  seen  also  in  the  general  form 
of  the  trunk,  and  in  the  lengthened  taper- 
ing form  of  the  muxde,  and  the  wnole 
head  of  these  animals.  This  lengthened 
fish-like  tapering  form  is  especially  mark- 
ed in  the  horizontal  heatl  of  such  ceta- 
ceous animals  as  the  dolphins  and  por- 
poises, the  food  of  which  consists  of  li\ing 
prey,  wluch  they  find  swimming  before 
them  in  the  water.  But  there  are  some 
cetaceous  animals,  as  the  dugong  and  the 
lamantinc,  that  do  not  feed  upon  animal 
substances,  but  upon  marine  plants;  those 
have  the  face  bent  down,  and  not  pro- 
jecting straight  forwards,  as  yoti  sei-  '\n  the 
mu2zle  of  the  grampus,  or  of  the  porpoise, 
or  of  the  dolphin.  That  bent  form  of  the 
intermaxillary  bones,  which  is  so  remark- 
able in  the  dugoug  and  in  the  lawauttue^ 
is  the  best  position  for  taking  tihe  mwrfaie 
jdants  from  the  rocks  below  the  bodies  of 
those  cetaceous  animals  when  sM  imnnng, 
and  they  have  the  neck  Ign^  md  ^e^jLiia 
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to  enable  them  to  bend  down  the  whole '. 
kmd.  But  m  to  tlie  rapacious  eetaoeout 
animals,  tbe  pisctTorous  species  that  are 
pursuing  fishes  upon  the  same  horizontal 

£lane  with  their  own  bodies,  it  is  better 
IT  tbem  to  have  this  long  prehensile  in- ' 
ttnnnent,  the  lengthened  head,  quite  in  a 
UlM  with  the  direction  in  which  they  are  , 
swimining.  The  herUvovons  cetaceous  | 
animals  have  it  hcnt  down  to  thdr  proper 
food  beneath  them. 

As  those  animals  breathe  atmospheric 
air  like  other  mammalia,  and  not  by  means 
of  gills,  like  the  fishes  which  they  so 
much  resemble,  and  as  the  head  of 
those  animals  is  so  lai^  and  so  much 
lengthened  forwards,  they  rctiuire  to  have 
the  nostrils  elevated,  and  a  short  and 
strong  neck  to  support  the  head.  The 
shortness  of  the  neck,  however,  and  the 
magnitude  of  the  head,  render  it  almost 
impossible  for  them  every  time  they  wish 
to  breaOie  to  raise  it  to  the  surface  of  the 
water,  and  gape  and  bend  their  short 
neck  backwards  to  a  right  angle  with  the 
rest  of  the  column;  so  that  we  obsenre 
the  nostrils  necessarily  raised  to  the  vertex 
of  the  head ;  these  are  the  blow-holes  or 
blowing  holes  of  the  cetacea.  The  exten- 
sion of  the  intermaxillary  bones  {Fig.  aa), 
approxirnfitcd  and  parallel  upwards  from 
the  point  of  the  muzzle  to  nearly  in  con- 
tact with  the  firontal  bone,  has  raised  the 
nostrils,  the  exterior  openings  of  the  nos- 
trils, thus  high  upon  the  head ;  and  fre- 
quently also  the  cartilages  of  the  nose  are 
directed  upwards,  with  their  usual  muscles, 
whicrh  onm])letcly  reach  beyond  the  level 
of  the  highest  part  of  the  head,  so  that 
gliding  along  the  ocean  immediately  be- 
neath the  surface  of  water,  they  can 
breathe  perfectly  well  with  nothing  in 
contact  with  the  atmosphere  but  wiese 
devated  and  lengthened  nostrils. 

The  head  {Fig.7h)  of  those  piscivorous 
cetaceous  animals,  those  that  feed  upon 


fishes,  is  chiefly  lengthened  by  the  f^reat 
development  of  the  saperior  jaw-))oues 
{Fig.  75,  bbhh),  and  of  the  intennaxfllsry 
lioiwi        75|  ««)  wbA  tht  lowef^jsw 


(ZZ,  b).  The  nasal  bones  {Fig.  7b,  dd) 
are  raised  high  upon  the  forehead,  and  are 
very  small;  and  the  vomer  {F^.  7b,  k)  is 

of  great  magnitude  and  length,  extending 
forwards,  and  rising  between  the  separated 
interraaxillaries.  Tlie  teeth  which  are 
implanted  in  those  straight  jaws  re- 
semble those  of  most  reptiles,  amphibia, 
and  fishes ;  thef  are  not  organs  fat 
mastication ;  thoy  are  sharp,  conical, 
curved,  prehensile  organs  ;  they  do  not 
meet  point  to  pouit,  but  in  an  alteiv 
nate  or  serrated  manner,  the  one  passing 
between  the  others.  This  is  the  most 
common  character  of  the  teeth,  which  we 
observe  in  the  large  as  in  the  smsfl  spedes, 
from  the  huge  cachalots  like  whales, 
to  the  small  diminutive  porpoise.  ThQ 
general  form  of  the  teeth  is  that  of  a  taper- 
ing curved  cone  which  long  remains  hol- 
low at  the  base  for  continued  growth.  In 
the  cachalot  the  teeth  are  placed  only 
in  the  lower  jaw,  and  Hiat  ^w  is  re- 
raarkably  long  and  narrow,  and  occupies 
only  the  middle  part  of  the  upper  jaw, 
not  at  all  approaching  to  fbe  mai^Eina 
of  the  upper  jaw  nor  near  them*  It 
is  the  reverse  in  the  wliales,  where  the 
lower  jaws  stretch  laterally  far  beyond 
the  upper  jaws  which  support  the  homy 
lamina  or  whalc-bone.  In  the  lower  jaw  of 
the  common  whale  we  observe  in  the  adult 
statenoteeth  whatever,  butoidyadeep  narw 
row  groove  running  along  the  ui)per  margin 
of  the  lower  jaw  upon  each  side  of  the 
headj  that  is  tlie  remnant  of  the  original 
alveoli.  In  the  young  state  of  that  animal 
there  are  actually  teeth  in  the  lower  jaw, 
though  they  have  never  been  seen  in  the 
adult.  That  curious  discovery  was  made 
by  Gkoffroy  SAiNT-Hii.Ainr.  The 
teeth,  from  the  wideness  of  the  alveoli,  and 
the  softness  of  the  hones  and  the  uses  of 
these  teeth,  are  remarkably  deciduous  in 
tlic  (  ("tacoous  animals,  and  they  have  not 
tlic  extensive  power  of  reproducing  them 
possessed  by  the  lower  classes.  Tlie  whole 
texture  of  their  bones  indeed  approaches 
in  its  coarseness  to  that  of  reptiles,  and  the 
imperfect  development  which  marks  aU 
the  systems  of  the  cetacea  is  nowhere 
more  obvious  than  in  the  stnicture  of  the 
head,  and  in'  the  coarse  fibrous  texture 
of  their  boues.  Like  reptiles,  tlieir  long 
bones  have  generally  a  spongy  cancellated 
texture  throughout,  filled  with  a  thin  se- 
rous marrow,  and  have  not  long  tubular 
cavities.  The  great  develoi)nicut  of  the 
face,  compared  with  the  small  develop- 
ment of  the  cranial  cavity,  is  a  striking 
mark  of  the  inferior  organisation  of  the 
cetacea.  Their  head  consists,  ynu  will  ob- 
serve by  this  skull  of  thegrauipus  {Figs.  75, 
76),  almost  entirely  in  the  bones  of  the  fiK»« 
The  interBua^Uary  bones  extend  wmrLy 
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to  tlie  vertex  of fheliead.  Thesuperiorinax- 

illary  bones  (Ftg.  7r»,  hh)  also  extend  n])on 
each  side  nearly  to  the  highest  ridge  tra- 
yeningthe  crown  of  the  head.  The&ontal 
bone  {Fig.  75,  ce)  is  compressed  between 
the  occipital  bone  and  the  superior  jaw- 
bones into  a  narrow  ridge  of  bone  cross- 
faig  the  vertex  and  extendhig  downvrards 
on  each  side  to  form  the  upper  margin  of 
the  orbit.  From  the  anterior  extrouiity  of 
the  fipontal  bone  there  extends  backwards 
to  the  zy^'omatic  ])rocess  of  the  temporal 
bone,  a  thin  cun'cd  delicate  bone  which 
bounds  the  orbit  below;  that  is  the  jugal 
or  malar  bone  {Fig.  75,  d  d) .  It  is  present, 
you  observe,  in  these  skulls  of  the  ])or- 
poises,  though  it  is  most  frequently  lost  in 
preparing  the  skeletons  of  oetaoea.  That 
slender  bone  corresponds  again  in  its  im- 
perfoct  development  with  the  small  chain 
of  bones  which  we  saw  forming  the  zygo- 
matic hone  of  fishes.  The  parietal  bones 
scarcely  malce  their  appearance  in  the  ce- 
tacea  upon  the  crown  ut  the  head,  but 
occupy  the  lateral  parts,  placed  at  a  dis< 
tance  from  each  other,  having  intervening 
between  them  the  large,  flat,  occipital 
bone  {Hff.  75,  g),  and  the  narrow  frontal 
bone,  the  frontal  bone  touching  the  occi- 
pital. The  occipital  bone  rises,  thus,  nearly 
perpendicular  from  the  occipital  foramen. 
The  occipital  foramen  is  nearly  in  a  line 
with  the  rest  of  the  vcrtcliral  column,  a 
remarkable  position  of  this  aperture  for 
one  of  the  mammalia.  Indeed,  you  will 
often  find  that  it  actually  inclines  at  its 
upper  margin  a  little  forwards,  as  if  it 
were  gaining  upon  the  crown  of  the  head. 
Thus  the  cranial  cavity  is  remarkably 
small  and  compressed  from  before  back- 
wards in  the  grampus,  and  in  most  ce- 
tacea»  while  the  whole  hoB  is  tfans  enor* 
jnously  extended. 

The  temporal  bone  {Fig.  76,  n)  has  its 
f4|iiamons  part  and  its  aygomatic  process 
Jargdy  developed  and  geiMvally  detached 


altogether  from  the  petrous  and  tympanic 
portions.  Those  two  lower  elements  of 
the  temporal  houe  arc  almost  always  an- 


chylosed  together  in  tiie  adult,  bnt  not 

to  the  squatnous  ])ortion  of  the  bone.  The 
palatine  bones (i^y.  76,  mm)  occupy  a  very 
small  space  at  the  back  part  of  the  roof  of 
the  mouth.  In  place  of  one  infra-orbitary 
foramen,  there  are  generally  found  in  the 
upper  maxillary  bone  of  the  cetacea  a  se- 
ries of  smaUw  foramina.  In  the  large 
whales,  you  observe  a  series,  extending 
forwards  along  the  upper  surface  of  the 
su])crior  jaw-bone,  of  several  small  fora* 
mina,  in  place  of  one  great  inficn-orhltary 
foramen. 

The  neck  is  thus  necessarily  short  from 
the  great  size  of  this  lengthened  head.  The 

ethmoid  bone  presents  no  cribriform  plate; 
and  we  observe  in  this  porpoise,  that  the 
part  corresponding  with  Uie  cribriform  plate 
of  the  ethmoid  bone  is  a  thick  spongy  bone, 
without  any  perforations  for  olfactory 
n  erves.  The  stmctnre  of  the  blow-hole  ia 
admirably  adapted  for  breathing  while  the 
head  is  in  a  horizontal  position  near  the 
surface  of  the  watei',  and  it  is  admirably 
adapted  to  throw,  with  great  violence, 
water  to  a  distance  ;  l)iit  from  this  very 
i  structure,  and  the  powerful  stimulus  of  the 
I  sea-water  to  which  it  is  thns  constantly 
!  exposed,  it  is  ill  adapted  for  the  distribu-  ^ 
tion  of  a  delicate  nerve  of  sense;  and 
careful  dissection  shows  that  often  no  trace 
of  a  first  pair  of  nerves  can  be  detected 
reaching  from  the  brain  to  these  nostrils. 
In  most  of  the  cetacea  w  hich  I  have  ex- 
amined, indnding  the  whales,  the  cacha* 
lots,  the  grampuses,  the  dolphins,  and 
many  others,  there  is  an  increased  deve- 
lopment of  the  right  side  of  the  face  and 
head,  by  which  the  nostrils  are  sensibly 
twisted* to  the  left  side. 

in  the  mammifurous  animals  wc  ob- 
serve that  there  are  <mly  seven  cervical 
vertebra?,  and  it  is  remarkable  to  observe 
the  constancy  of  this  number  throughout 
nearly  tiie  whole  class.  But  you  must 
consider  that  that  is  very  nearly  the  most 
central  part  of  the  vertebral  column.  It 
is  near  that  part  of  the  vertebral  column 
where  ossification  begins-^ the  central  part 
of  the  skeleton,— and  the  most  important, 
from  the  part  of  the  nervous  system  it 
encloses.  This  part,  th^efore,  together 
with  tlie  dorsal  vertebra;,  should,  a  priori, 
be  looked  upon  as  the  most  constant  and 
uniform  part  of  the  Adeton.  In  the  Is* 
mantine,  however,  there  arc  but  six  cer- 
vical vertebra;,  and  in  the  dugong  there 
are  seven.  In  the  porpoise,  sometimes  I 
have  found  but  five  thin  lamine,  all  an- 
chylosed  together,  as  the  only  trace  of  tlie 
whole  cervical  vertebra;,  and  even  the  iu- 
tervertebral  foramina  coalesce  and  unite 
so  as  to  become  fewer.  This  is  also  seen 
in  soiTie  whales.  There  are  sometimes 
^  only  &Lx  perceptible,  and  those,  you  ob« 
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serve,  are  very  much  compressed,  and  frc- 1  pondioularlr.  There  are  no  adventitious 
quently  those  vertebrje  are  entirely  an-  bones  to  support  the  cartilaginous  tail,  any 
chyloNd  {Fiff.  77).  In  the  aketeton  of  the  more  than  m  the  dorsal  fln.   It  is  neces^ 


Fi^/.  77. 


ftamput  hefere  ns,  where  they  are  corn- 

paratively  large,  foiu-  of  those  cervical  ver- 

tebrs  are  anchyloscd  together,  and  three  in  appearance  to  the  dorsal  fins  of  fishes* 


sarily  directed  horizontally  in  the  cetacea, 
because  they  breathe  atmospheric  air,  to 
arrive  at  which  they  must  ascend  in  the 
water,  and  they  must  descend  in  pursuit  of 
their  prey  or  for  srifcty.  For  those  motions^ 
the  horizontal  direction  of  the  tail  is  the 
best  adapted.  Infishee,  the  perpendicular 
direction  is  tlie  best,  because  they  never 
require  to  ascend  in  the  water  to  breathe, 
XK>r  do  tiiey  descend  for  their  prey,  but 
their  motions  are  mostly  in  a  horizontel 
plane ;  their  ascending  and  descendintj  mo- 
tions are  eftected  by  dilating  and  com- 
pressing their  air  bi^,  and  not  by  the  mo* 
tions  of  the  tail. 

We  observe  fin-like  cjroansions  on  the 
median  pUme  in  many  of  the  species,  as  in, 
the  dolphins  [ZZ,  i]  somewhat  analogous 


(tf  them  are  separate  and  slightly  move- 
able. In  the  herbivorous  cetaceous  ani- 
mals, the  region  of  the  neck  is  more 
lengthened  and  mo^'eablc,  and  the  head  of 
those  animals  is  less  Iragthmed  outwards 
in  a  straight  line  than  those  of  fhe  blow- 
ingcetacea. 

The  vertebrse  of  the  cetaceous  animals 
retain  some  of  their  elements  for  a  long 
time  detached.  The  bodies  of  the  verte- 
brae terminate  by  flat  surfaces.  We  ob- 
aenre  the  lower  part  of  the  coccj^eal  ret- 
tehrjB  (ZZ,  h)  to  have  spinous  processes 


Lacepede  states,  that  in  some  of  these 
animals  rays  have  been  found  like  those 
supporting  the  fins  of  fl^'hes,  and  he  has 
figured  them  in  the  I^ncyclopedie  Me- 
thodique.  No  one  eise  has  seen  them.  It 
is  not  an  analogy  to  the  fin  of  the  cold- 
blooded oviparous  fishes  we  are  to  look 
for  here ;  we  are  not  to  look  in  this  class 
of  animals  for  analogies  of  that  remote 
kind.  That  would  he  seeking  too  far  for 
nature's  analogies,  although  one  might 
naturally  enongh  imagine  that  it  would  be 
a  convenience  to  give  this  dorsal  appendir 


developed  as  well  as  above.   The  bodies  I  of  the  cetacea  ail  the  rays  and  inter- 


of  most  of  the  irertebrsB  have  their  two 

terminal  laniintc  detached  through  life, 
as  you  sec  in  these  of  the  grampus.  The 
body  of  the  vertebra  is  here  composed, 
therefore,  of  three  pieces,  placed  in  a  Une, 
— the  central  portion,  and  the  two  termi- 
nal plates  of  the  body  of  the  bone.  These 
terminal  plates  of  the  bodies  of  the  ver- 
tebrrc  of  large  cetaceous  animals,  washed 
ashore  upon  our  coasts,  are  sometimes 


spinous  bones  which  Mfe  saw  in  this  re* 

gion  of  fishes,  when  these  dorsal  carti- 
laginous ajipendices  are  so  much  shaped 
like  fins.  That,  however,  is  not  nature's 
plan  of  structinc  for  the  dorsal  region 
of  mammalia.  The  typical  form  and  the 
parallel  disposition  of  the  four  superior 
elements  of  the  dorsal  ▼ertebne  for  enclos- 
ing the  spinal  marrow,  she  is  careful  to 
preserve,  however  she  may  vary  the  out- 


picked  up  detached,  and  they  ha\'e  l)een  ]  ward  shape  of  the  body.  The  typical 


described  as  shells.  I  hold  in  my  hand 
one  of  these  thin  terminal  plates,  be- 
longing to  a  whale;  it  has  been  figured 
in  the  SmeyeL  MetMSque  by  BBVOiriKRK, 

and  described  as  a  rare  species  of  bivalve 
shell— one  of  the  valves  of  these  bivalved 
•hells  called  eeardo. 

The  spinous  processes  and  the  trans- 
verse processes  are  necessarily  large  in  a 
considerable  part  of  the  vertebral  cohimn 
in  those  cetaceous  animals,  from  the  ex- 
tent and  the  vigour  of  motion  required  in 


racter  ei  tiie  structure  of  a  part  is  ever 
preserved,  amidst  the  greatest  differences 
of  the  outward  form. 
Many  mammiferous  animals,  besides 

the  cetacea,  have  a  cartilaginous  hunch 
like  this  upon  the  back.  Do  we  not  see 
it  in  the  dnmiedary  ?  Do  we  not  see  it  in 
the  camels  of  Africa,  and  the  zebus  of  In- 
dia? And  these  arc  mammalia  belonging 
to  the  very  next  order  to  the  cetaccouii 
aviii'ials. 

Tlie  ribs  in  the'cetacea  are  articulated  in 


the  posterior  part  of  the  tail.   The  tail  a  different  manner  at  the  anterior  and  pos- 


(ZZ,  «  e)  is  their  organ  of  progressive 
motion  ;  it  is  supported  by  cy  lindrical  ver- 
tebra;, almost  without  processes,  to  admit 
of  the  freest  motion,  and  it  is  directed 
]iOf]«mtally  s  that  of  a  fiih  ia  directed  per* 


tcrior  part  of  the  chest.  At  the  anterior  part 

tlu'varc  articulated  in  a  fixed  manner  by 
the  bead  shooting  inwards  to  the  body  of 
the  vertebrae,  and  by  its  tubercle  being  fixed 
to  th§  timveiae  piooeiaesi  tfaia  is.re« 
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quired  to  give  a  aolid  attachment  to  the 
powerful  muscles  of  the  arms  ;  but  in  the 
posterior  part  of  the  trunk  we  see  the  rep- 
tile-lilce  fn-  fish-like  condition  of  the  rihs  ; 
tbey  shoot  out  from  the  very  tennitiation 
of  the  transverse  processes,  showing  by 
this  attachment  a  near  approach  to  the 
origin  of  those  bones,  the  primitive  con- 
dition of  all  ribs.  They  are  developed 
Irom  transverse  processes,  or  from  the 
laminse  of  the  inferior  vertebral  canal  for 
the  vascular  system.  Greater  mobility  is 
thns  given,  and  greater  fiedbility  in  every 
direction  to  that  posterior  region  of  the 
trunk.  The  sternum  is,  for  the  same  rea- 
son, very  small  in  cetaceous  animals,  for 
you  wiU  observe  that  it  is  chiefly  the  an- 
terior part  of  the  trimk  tliat  is  fixed,  and 
the  posterior  part  has  itti  ribs  quite  move- 
able nfion  its  transverse  processes.  The 
stemo-costal  cartilages  are,  for  the  most 
part  partially  ossi&ed  in  cetafceous  ani- 
mals. We  find  them  ossified  in  many  rep- 
tiles; we  find  them  ossified  iu  birds ;  Nve 
hnd  them  ossified  in  the  monotrema. 
Among  the  other  mammiferous  animals, 
some  of  the  edentulous  anknals  also  have 
those  sternal  cartilages  ossified.  In  this 
character  they  present  an  athnity  rather 
iwith  the  lower  than  the  higher  rams  of 
vertebrated  animals,  as  it  is  more  fre- 
quently a  normal  structure  in  the  lower 
tribes. 

Although  the  cetaceous  animals  are 
destitute  of  all  external  traces  of  posterior 
cxtreniities,  they  possess  the  rudiments  of 
pelvic  bones  extending  on  each  side  of 
the  anti*?.  {generally  downwards  and  in- 
wards, and  sometimes  forwards  and  back- 
wards. Thosepelvfobonesare  of  a  length- 
ened and  rib-like  form;  they  are  generally 
called  the  pubic  hones  i^Fig.  7i))  of  the  cetu- 
cea,  as  they  meet  in  the  lore  part.  As  they 
are  bones  which  form  an  arch  extend- 
ing downwards  from  near  the  transverse 
processes  of  the  vertebra  to  the  median 
Ifate,  we  might  be  at  liberty  to  call  them 
either  iliac  bones  or  j)uhic  bones,  in  so  far 
as  their  foim  is  concerned.  We  have  seen 
already  two  similar  iliac  bmiea  in  the  am- 
phibious animals.  You  will  remember 
that  we  saw  two  long  cylindrical  hones 
extending  downwards  from  each  side  of 
the  sacrum  in  the  frog  e  e)  which 
met  on  the  median  plane,  and  united  hy 
the  two  smaller  inteiposcKl  pelvic  bones. 
Those  were  the  two  rib-like  iliac  bones 
in  the  amphibia.  So  these  hones  in  the 
cctacca  may  be  considered  as  analogous  to 
those  moi*e  developed  bones  in  the  pelvis 
— ^fihe  two  iliac  hoom,  whidi  would  come 
next  to  the  transverse  processes  in  the 
development  of  the  vertebrae,  and  which 
may  be  supposed  originally  to  have  given 
btrtti  to  the  pelvic  arcb»  as  well  as  to  all 


the  other  osseous  arches  along  tlie  sides 
of  the  column. 

In  this  imperfect  condition  of  the  pelvis 
in  the  posterior  ])art  of  the  skeleton  in  the 
cetacca,  we  perceive  an  analogy  between 
them  and  seven!  of  the  serpents  which 
ha\'e  only  the  rudiments  internally  of  a 
pelvis,  without  presenting  externally  any 
trace  of  legs,  and  in  the  detached  con- 
dition of  this  pelvis  it  has  a  striking  ana- 
logy to  the  loose  and  shifting  pelvic 
bones  we  have  seen  in  fishes.  The  arms 
of  these  cetacea  are  covered  externally 
with  muscles,  tendinous  expansions,  adi- 
pose substance,  and  with  a  naked,  smootli, 
thick,  elastic  skni,  so  that  we  scarcely  per- 
ceive in  any  of  these  ])i«civorous  species 
any  trace  of  fingers  externally.  The  sca- 
pula {ZZ,  n)  is  a  very  large,  expanded,  flat 
Ixme  fflor  the  attachment  of  the  principal 
posterior  muscles  of  the  humerus.  In  the 
fin-Uke  arm  of  the  iK)rpoisea  before  you, 
you  can  perceive,  notwit^landing  that 
the  humerus  {ZZ,  o)  is  distinctly  and 
strongly  developed,  that  it  commence* 
with  a  round  head,  which  plays  by  its  ex- 
tensive articular  surface  upon  the  shallow 
i^lenoid  cavity  of  the  scapula.  You  per- 
ceive an  elevated  tubercle  on  the  humerus 
for  the  attachment  of  the  strong  pectoral 
muscles.  From  the  head  of  the  bone  it  he- 
comes  gradually  compressed^  and  at  its 
distal  extremity  it  presents  a  very  com- 
pressed form,  and  a  semicircular  tc  vM»ina- 
tion,  as  yon  observe  more  distinctly  iii  the 
large  arm  of  the  whale  {Fiff.  78,  a).  That 
compressed  form  pervades  all  the  rest  of 
the  arm  and  hand  from  the  lower  half  of 
the  humerus.  It  pervades  all  the  succeed- 
ing bones  of  the  arm^thefivearm,  thewrit^ 
and  the  hand  especially  of  the  whales. 
The  radim  and  the  ulm  (^Pig.  78,  b  c) 
jfv«.  78  ^®  ^^"^  distinctly  developed, 
but  in  such  a  manner  united 
to  each  other,  to  the  hume- 
rus, and  to  the  bones  of  the 
carpus,  that  tliey  adn)it  of  no 
pronation  and  supination.  The 
radius  {Fig.  78,  b)  is  here,  very 
largely  developed,  short,  hroad, 
and  slightly  arched  :  the  ulna 
Fuj.  78,  e)  is  a  very  small  nar- 
row bone,  with  a  projectiug 
olecranon.  Succeeding  the 
radius  and  the  ulna,  you  ob- 
serve that  the  small  detached  bones  of  the 
carpus  {Fig.  78,  d)  present  a  chrcular  form 
hjosely  held  together  by  a  connecting  car- 
tilaginous substance.  They  do  not  meet 
and  play  upon  each  othei*,  so  as  to  pro- 
duce articular  suifoces;  and  they  havt 
not  that  solid  counoxion  and  motion  on 
each  other  by  articular  surfaces,  which  we 
see  in  tile  arophibiona  aquatic  mammalii^ 
or  tb9  wilrni  and  feto  Mill  •nd  ma  ia 
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the  herbivorous  cetacea.  The  nictacar]ial 
bones,  and  the  phalaugea  of  the  fiiigeri.  in 
these  hands  of  the  porpoise,  present  the 
same  character  of  circular  dctiu  hcd  bones. 
They  are  numerous,  as  in  the  bands  of  a 
fish  i  and  they  taper  down  to  the  cxtrc- 
nittes  of  the  fingers,  where  they  are  ex« 
ceedingly  small.    This  character,  in  these 
most  atjuatic  species  of  cetacea,  is  ijite- 
restinfr  to  observe  in  connexion  idth  the 
condition  which  we  have  alrcadjr  Men  in 
the  phalanges  of  the  pectoral  fins  or  arms 
in  fish&s.  We  observed  that  the  piuilanges 
of  the  fingers  in  the  fidhes  were  numerous 
in  each  individual  ray,  which  is  analogous 
to  one  of  the  tiugeis  in  these  higher  ani- 
mals.  That  character  is  here  very  gene- 
rally repeated   in  the  fish-like  arms  of 
these  cetaceous  anunals.   The  imperfect 

Ftg. 


development  of  those  phalanges  of  Umb 

hand  which  )  ou  observe  in  the  cetaceous 
animals,  and  their  meeting  together  hy 
convex   surfaces,   indicate  Uie  imper* 
feet  ossification,   the  want  of  motion, 
and  the  want  of  streugtii  in  that  haiui. 
Had  thejr  admitted  m  more  ottenswe 
motion,  l)ocn  further  developed,  and  met 
each  other,  there  would  necessarily  have 
been  produced  ai'ticular  surfaces,  whith 
would   have  ])layed    freely   upon  each 
other.    Tills  applies  to  that  division  of  tho 
cetaceous  auiiniils  which  1  have  been  hi- 
therto chiefly  examining—the  predaceoua 
or  piscivorous  species ;  but  it  docs  not  ap- 
ply to  the  cetaceous  animals  which  feed 
upon  vegetable  substances— the  phytopha- 
gous or  herbivorous  siiecies,  as  the  dugonff^ 
and  haUeore  indicuM  {Fig,  7^)  ^  for  in  the^e 
79' 


we  find,  not  only  that  the  hand,  but  many 
Other  paits  of  the  bkeletuu  ui  g  more  per- 
liBCt,  more  big^  developed  than  i^n  the 
first  group  of  cetaceoiM  anin>aU  we  have 
b^ecu  vousi^deriag. 

In  the  herbivonms  cetacea,  as  the  du- 
gong  and  the  laniauline,  we  observe  re- 
markable modifications  in  the  skull  in 
consequence  of  this  great  difference  in  the 
kind  of  food.  For  in  regard  to  those  ani- 
mals, the  t'ood  is  not  suspended  in  the  wa- 
ter vpou  the  same  horizontal  plane,  as  it 
^main  the  first  group,  where,  consequently, 
we  observe  the  head  to  be  lengthened  in  a 
straight  line— the  best  adapted,  like  the 
head  of  fishes,  for  seizing  the  prey  that  is 
swimming  b^ore  them  in  the  water.  The 
herbivorou.s  animals  feeding  upon  the 
plants  that  waive  to  and  fro  in  the  waters 
attached  to  the  rockt  below,  have  the 
muz/le  bent  doNv awards;  this  we  see  in 
the  remarkable  bent  face  of  the  lamantiue, 
where  the  lengthened  interma-xiUary  bones 
are  arched  downwards  atthw*  extremities 
to  tho  rocks  where  the  food  lies.  This 
curvature  is  greatest,  however,  in  the  dn- 
gong  of  all  theknown  herbivorous  cetacea. 
This  curvature,  which  we  observe  in  this 
skull,  is  dependent  on  the  great  devclop- 
nent  and  the  angular  form  of  the  two 
intermaxillary  bones  (Fiff.  70,  g)  which 
compose  the  whole  of  the  fore  part  of  the 
face,  extending  upwards  along  each  side 
of  the  aottrila.  These  two  intetiaaziUary 


I  hones  contain  two  long  tusks  {Fig.  79,  h) 
which  project  only  a  short  distance  from 
their  long  alveoli;  consequently  those 
tusks,  pliiced  in"  the  intermaxillary  bones, 
arc  analogous  in  their  position  and  tbeir 
nature  to  the  curved  tusks  of  tho  dephant ; 
but  the}'  are  not  analogous  to  the  tusks  of 
the  walrus,  they  are  in  a  xavy  different 
bone;  in  the  walrus  they  are  in  the  up> 
per  jaw-bone;  thei'c  they  are,  therefor^ 
true  canine  teeth  ;  the  tudcs  of  the dugon^f 
are  incisor  teeth. 

In  the  back  part  of  the  month  we  ob- 
serve in  the  superior  maxillary  bone,  and 
in  the  back  part  of  the  inferior  m&^ullary 
bone,  teefJi  of  very  diflferent  character 
from  thoseof  the  cetacea  we  have  yet  been 
considering,  where  wc  found  .ill  the  teeth 
to  be  like  those  of  crocodiles,  serpents,  and 
fishes,  aU  of  the  same  form,  pointed,  re- 
curve.l,  conical  teeth,  which  did  not  meet 
but  passed  beside  each  other  when  the 
jaws  were  closed.  But  in  the  herbivorous 
cetaceous  animals  we  see  veryUxrge  molar 
teeth,  with  fl.it  and  broad  crowns,  placcil 
so  as  to  meet  each  other  in  the  opposite 
jaws  when  the  mouth  is  closed.  This  flaf 
form  of  the  teeth,  and  their  opposition  to 
each  other,  is  the  best  arrangement  for 
bruising  the  thick  succulent  stems  of  foc( 
and  all  other  soft  pulpy  aquatic  plants. 
The  great  strength  of  the  jaws  which  we 
observe  in  these  skeletons  {Fig.  70),  has 
alio  arelatiflipk  to  tbi«  kind  of  flim  vegetable 
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food,  upon  wliich  these  horbivoroiiscetacea!  and  t^vo  inntmiber,  as  they  gcnerr.lly  ^rc 


subsist,  and  the  depth  of  the  molar  teeth 
required  for  its  mastication. 

We  observe  an  imperfect  development 
of  the  skulls  of  these  phytophaj^otis  ceta- 
cea,  in  the  remarkably  loose  connexion 
of  idl  the  bones  of  the  head.  Even  the 
elements  of  some  of  tbe  bones  which  in 
Iblgher  quadrupeds  are  united,  are  in  these 
het'bivottnn  cetacea  left  detached.  You 
observe  in  the  sTcnll  before  you  of  the  du- 


when  pectoral.  By  the  great  development 
of  the  arms  animals  can  better  manipu- 
late their  young,  and  that  is,  therefore, 
the  most  convenient  region  in  such  ani- 
mals to  iiavc  the  nipijlcs,  upon  the  chest; 
thus  you  see  it  in  the  qtiadrumanous  and  ia 
the  chciropterons  anininls.  The  enlarge- 
ment of  those  pectoral  roammse  in  tbo«e 
herbivorous  cetaceous  animals  when  sook- 
Ihig  tlieir  young,  toircthev  with  the  round 


gong,  that  the  su])erior  median  portion  of:  truncated  form  of  the  head,  and  the  great 
the  occipital  bone  is  not  perfectly  anchy-  development  of  the  arms,  appears  to  have 
losed  to  the  two  condyloid  portions  of;  led  marinerfl  to  suppose,  at  a  distance, 
the  same  bone.   The  two  condyloid  por- '  while  they  were  observed  suckling  their 


tions,  however,  have  almost  completely 
anchylosed  to  the  inferior  mediui  elc- 

nsctit  rif  that  bone— the  basilar  portion 
of  the  occipital  bone.  The  temporal  bone 
hn  its  petrous  portion  generally  de- 
tached from  the  sqtmmous  tbrough  life,  as 
in  the  other  cetacea.    We  o>)ser\-e  very 


young  at  the  turgid  breasts,  and  ^seeing 
they  terminated  behind  like  the  inferior 
scaly  inhahitanta  of  the  deep  in  a  long 
tapering  tail,  that  appears  to  have  induced 
mariners  to  fancy  the  existence  of  a  mer- 
maid, those  animals  combining  so  much 
the  character  in  the  forepart  of  a  human 


loose  and  imperfect  sutures  connecting  the  being,  and  behind  so  much  the  character 
temporal  with  the  parietal  bone  (Fig.  79,  e) ;  ^  of  a  fish.  In  one  of  these  herbivorous  ce- 
so  that  in  this  macerated  condition  of  the'  taceons  animals,  the  lamantine,  the  hands 
skull  tb^*  are  all  moveable  upon  each  |  iire  so  perfectly  developed*  that  tl^e  t(xr- 
other.  Thefivntal  bone  is  dinded  intolmimil  phalanges  of  the  fing^  are  pro- 
two  hy  a  suture— a  continuation  of  the  vidcd  with  claws  v  ii'rli  indicate  the  pn^licn- 
saggital  suture.  The  zygomatic  bone ;  sile  uses  to  which  they  are  applied  in  the 
{Fig.  79,  /)  for  the  powerful  ma88ctcrjli\'iug  habits  of  the  animal;  indeed  it  is 

from  that  character  tliat  the  genus  moM- 
ius  or  lamantine  has  received  its  name. 

Wo  have  thus  seen  in  the  gigantic 
bones  of  the  grampus,  and  in  the  bones 
of  these  lai'ger  cetacea,  the  coarse  fibrotis 
structure  which  we  witnessed  in  the 
reptiles  and  most  of  tlie  cold-bloadcd 
vci'tebrata,  and  which  we  find  in  the  cor- 
responding embryo  condition  of  the  hu- 
man skeleton,  where  we  observe  also  the 
same  want  of  cavities  in  the  imperfectly 
developed  long  hones  of  the  cxti-cmitics. 
Indeed  in  the  imperfect  or  simple  con- 
dition of  the  whole  skeleton  in  these 
lowest  of  the  mammalia,  we  see.  a  beau- 
tiful adaptation  to  the  motions  required 
for  their  aquatic  life,  and  aperfect  emblem 
of  the  primitive  condition  of  the  skeleton 
in  our  own  species  when  yet  surrounded 
with  the  aniniutic  lluid,  and  before  legs 


muBclea  of  the  herbivorous  cetacea  is  re- 
markable for  its  great  development,  when 
contrasted  with  the  very  slender  bone  oc- 
cupying that  region  in  the  skuU  of  the 

blowing  or  prcdaceous  cetncea,  where  it  is 
only  a  slender  spiculum  of  bone  bounding 
the  orhit  below.  The  jugal  bone  or  the 
zygomatic  bone  (Fii/.  7i),  f  )  U  connected 
with  the  malar  process  of  the  frontal  hone 
(J'V^.  7y,  e)  hy  a  small  bone,  which  is  here 
very  loose  and  moveable  in  the  macerated 
skull — the  lachrymal  hone.  Small  as  that 
bone  is  in  the  herbivorous  cetacea,  we  find 
tiiat  the  constancy  of  the  plan  upon  which 
the  crania  of  these  animals  arc  cnrc^tructcd 
still  renders  it  a  constant  though  small  ele- 
ment in  all  forms  of  the  skulls  of  the 
mammalia. 

The  arms  of  these  herbivorous  cetaceous 
animals  ai-e  much  more  perfectly  developed 


in  every  part  than  the  arms  of  the  blow-  :  have  begun  to  bud  from  the  f:ides  of  the 
ing  cetacea,  indeed  these  animals  can  em- '  ])rolonged  tapering  trimk  of  the  emiwyo 
ploy  tbem  as  the  seals  and  the  walruses  j  body.* 

to  clamber  upon  rocks,  and  to  come  from  |  

the  abyss  to  enjoy  the  sun,  to  manipulate       "    ~  -  -  . 

their    offspring,  or  to  rear  their  young      ♦  j^„ew  order  of  notHilon  has  been  commenced 

among  rocks.   The  great  development  of  ^^..„,     ,,,„,,vi,.5H  i„  ,hi,  k-cun-r.  imm^  fr..,«  the 


the  arms  in  the  berbivoroos  cetaceous 
animals  appears  thus  to  be  curiously  con- 
nected with  a  character  which  they  ex- 
MUt  in  their  mammary  organs.  The 
pisciv'orons  cetacea  have  theirs  placed 
very  near  to  the  anusj  the  herbivorous 
cetaceous  aaimals  hKre  ^elr  mainmary 
organs  placed,  however,  upon  the  che0^ 


nr&t  engraving  ia  tlie  cunrsc,  tlie  engraving  nl  page 
MS  is  entitled  Ftgun7St  tnd  In  tbe  Mmalatof  Icc* 
tares  or  die  ooone  the  wliole  of  Uie  enisravlJiiis  wVI 
be  i«(itneillqr  awnlwritiiiteail  ofcipitsl  lencn* 
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LECTURE.  XXI. 

ON  URB  OSTEOLOGY  OP  RUMIKAfINO 

Ql  ADUUPEDS. 

As  the  organizatioa  of  all  the  inamaii- 
feroas  animals  bcHoiigl  to  the  same  typi- 
cal form  in  its  most  essential  parts,  it  may 
appear  indifTerent  how  we  place  the  va- 
nous  groups  which  compose  this  class,  in 
examining  the  several  systems  of  their 
body.  It  is  obvious,  however,  that  we 
must  take  them  successively  in  groups,  on 
account  of  the  striking  differences  which 
they  present  in  stich  scctindury  systems 
as  the  osseous  and  tlic  muscular,  and  on 
account  of  the  high  importance  of  all  tiie 
details  of  structure  in  that  c^-.ss  of  the  ani- 
mal kingdom  to  which  man  belongs,  and 
all  the  ftnimals  most  usefot  and  necessary 
and  interesting  to  him.  By  examining 
the  skeletons  of  the  orders  of  quadrupeds 
in  succession,  wu  have  au  uppurtuuity  of 
considering  the  peculiarities  of  isolated 
forms,  at  the  same  time  that  wc  survey 
the  typical  forms  of  all  the  orders  of  this 
most  diversified  dass.  There  is  no 
form  of  mammalia  so  remote  from  the 
human  as  that  of  the  cetacea  we  examined 
yesterday,  with  the  most  imperfect  skele- 
ton 61  all  the  inammiferous  animals,  anil 
there  are  many  intermediate  forms  hc- 
tween  that  aaU  the  hvinaa— like  orangs 

No. 


and  other  quadnimana, — which  connecting 
fbnns  come,  tiierefbr^  to  be  considered  in 

asccndinr'  from  the  simpler  organisationa 
to  that  of  man.    The  transition  may  ap- 
pear sudden  from  the  CL  tacea  to  the  ru- 
minating quadrupeds,  ivom  the  great  dif- 
ference in  their  outward  form  and  in  their 
living  habits }  but  the  marked  inferiority 
of  firganixation  in  the  most  important 
parts  of  these  herbivorous  quadruped?^ 
and  the  imperfect  devekqunent  of  .their 
skeleton  and  of  th^  organs  of  motion, 
have,  by  universal  consent,  thrown  them 
down  nearly  to  the  lowest  crrade  among  the 
mammiferous  animals,    i  t  is  an  order  of 
great  extent,  from  the  number  of  species 
and  the  varieties  of  them,  but  they  bclonrij 
to  very  few  distinct  genera,  and  they  are 
remarkahly  cbaiacterised  as  a  great  natn- 
ral  fiimily,  isolated  from  most  other  forms 
by  the  four-fold  division  of  their  stomach 
and  their  power  of  rumination.  From 
the  vegetable  nature  of  their  food,  their 
flesh  is  tender  and  palatable,  as  in  the 
herbivorous  species  .of  all  other  classes 
of  vertflbiata,  and  iMbe  dispodtion  baa 
a  corresponding:  mild  and  tractable  clw- 
racter;  so  that  the  animals  we  are  jMm 
to  oonrfder  are  the  most  vxdtiable  to 
man  *in  an  economical  point  of  view,  as 
affording  him  his  chief  means  of  subsist- 
ence,'useful  beasts  of  burden,  the  mate- 
rials of  his  clothing  and  many  other  arti- 
cles which  conduce  to  his  welfare.  By 
transporting  them  with  him  into  all  cli- 
mates and  aU  latatndet,  and  snl^|ectin|^ 
them  to  domestication  and  to  an  artificial 
life  for  innumerable  generations,  he  has 
tended  mnch  to  confound  their  geographi- 
cal and  zoological  rdations,  aiKl  materi* 
ally  affected  the  forms  and  proportions  of 
their  parts,  and  even  the  duration  of  spe- 
cies on  the  earth.   From  the  nnraeroua 
remains  of  these  animals  found  in  p.  fossil 
state,  especially  in  fissm  es  and  breccias, 
the  stndy  of  their  osteology  presents  sub* 
jects  of  peculiar  interest  to  the  geologist. 
This  is  an  order  which  is  remarkable  for 
the  uniformity  of  the  plan  of  structure 
\Nhich  per\'ade8  all  the  systems  of  tbo 
anitnals  belonging  to  it.    It  is  thence  on« 

of  the  moat  natural  and  best-marked  or* 
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ders  of  the  whole  class.  It  oomiirehends 
those  quadrupeds  which  have  a  complex 
stomach,  consisting  of  four  principal  csvi- 
ties,  and  which  have  the  power  ci  bring* 
ing  up  the  food  after  having  been  once 
svraUowed,  bolus  by  holm,  to  be  masticated 
in  1^6  month.  AS  the  qnadrnpeds  0f  this 
great  ficimily  are  consequently  herbivorous 
animals.  Tlio  rircumstance  of  their  kind 
of  food,  and  tlie  ]>osition  in  which  that 
food  is  general!}'  placed,  give  rise  to  im- 
portant mnriifications  in  the  general  form 
of  -libe  ekeietou.  U  is  upon  this,  ler  in* 
Stsno^  that  depends  Hie  len^'clicned  form 
of  the  head  and  the  very  lengt  hened  foi  'ii 
and  the  great  flexibilitv  of  the  neck,  that 
we  so  commonly  ohser^'c  in  ruminantia. 

Weobservcin  those  ruminating  animals 
etUl  an  imperfect  coudition  of  tbe  skole- 
.  too,  especially  m  tbe  arms  ami  legs,  in  the 
viiMt  and  anldMi  hi  die  hands  and  fttt, 


in  the  deficiency  of  teeth,  in  the  want  of 
clavicles;  and  it  is  chiefly  from  these  de- 
ficiencies of  the  skeleton  that  those  animals 
are  placed  next  to  the  lowest  order  of  the 
mninmiferous  animals— Tip\f  to  the  ce- 
tacea.  lliis  unperfectiou  of  the  skeleton, 
however,  is  accompanied  abo  hy  inferior 
couflitions  of  many  of  the  internal  organs. 
Thr  f-uvity  of  the  cranium  i^  "rnnll  in  the 
luniiimting  ariiuiak.  The  brain  in  hut 
impcrfectl)'  developed.  The  kidneys  re- 
tain lone:,  and  some  of  tlicrn  permanently, 
that  lobulated  form  which  indicstos  am 
inferior  degree  of  organization,  and  which 
we  find  in  the  enil>ryo  condition  of  our 
own  body,  as  well  as  in  the  adult  of  all  the 
oviparous  vcrtebrata. 

The  mmiming  animals  have  the  head 
of  n  narrow,  tapering,  and  length  on  i  d 
form,  and  a  long  Aexible  neck,  as  you  sec 
la  tMi  figastic  finstt  «Bt  60). 


Fip,  80 


Tliis  lengthened  form  of  the  head  rlcprnds 
upon  the  great  development  of  the  hones 
of  the  face,  and  not  on  the  extensive  de* 
velopment  of  the  baoas  of  ^e  skuU.  The 
Ci'nnia!  cavity  is  here  remarkably  small, 
and  it  appears  to  have  been  a  wi^u  pru- 
visiOD  of  natnre  to  hava  given  an  imper- 
fect development  to  the  cerebral  nias«i  in 
the  ruminating  quadrupeds.  The  caiotid 
and  vertebral  artariei  ar«  exhauiled  be- 


fore they  rcacli  the  distal  extremity  of  sc) 
long  a  neck,  and  the  development  is  here 
chiefly  on  the  surface.  They  are  destined 
by  their  instincts  and  by  their  structure 
to  convert  vc^'ctablc  into  animal  matter, 
and  they  arc  destined  themselves  to  be 
tbe  victims  and  the  prey  of  higher  fonos 
of  organization.  They  are  thus  more  in- 
ducnced  by  tbe  seasons,  and  by  external 
eircumstaiices  in  their  Uvlu^  ^auomy, 
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ttaik  ave  tlie  more  elevated  forms  of  quad- 
nqiedt.  They  form  a  tribe  of  beings  mOtre 
governed  by  blind  instincts,  and  less  capa- 
ble of  complex  mental  operations,  than 
iftdr  wily  foes.  They  ar6)  thcrcforO)  niorc  I 
easy  victims  to  their  foes,  by  their  want 
of  that  cunning  and  that  intellectual  de- 
velopment vudi  we  we  ao  remarkable 
in  many  of  the  csmivoroiu  quadrupeds. 
Their  cerebral  centres  being  less  deye- 
loped,  they  feel  less  acutely  the  pangs 
Which  they  are  doomed  to  suffer  to  fulfil 
the  purposes  for  which  they  were  formed 
by  nature.  So  that  this  imperfect  de- 
velopment of  fhe  interior  of  the  heaA  is 
the  best  possible  arrangement  for  animals, 
serving  those  purposes  in  nature.  It  is  a 
general  character  of  herbivorous  animals, 
as  contrasted  with  carnivorous,  that  they 
have  an  inferior  degree  of  development  in 
their  most  essential  systems.  Even  in 
Ihe  lowest  order  of  mammalia  we  were 
examining  yesterday,  we  saw  the  enor- 
mous development  of  the  cranial  cavity 
in  tlie  blood*thir8ty  dolphins,  for  escam- 
pic,  as  contrasted  with  the  small  cranial 
cavity  in  the  dugong,  or  in  the  lamantine, 
which  feed  on  marine  plants  that  wave 
like  forests  at  the  bottom  of  the  ocean. 
Without  instincts  to  devour  their  natural 
enemies,  without  canine  teeth  to  tear 
them,  or  claws  to  hold  them  down,  with 
lengthened  slender  jaws  and  feeble  mus- 
cles to  move  them,  the  safety  of  the  rumi- 
iiantSa  depends  not  on  boldness  or  fero- 
city, but  on  their  power  of  flight  to  escape 
from  danger.  Ivook  then  to  the  length  and 
lightness  of  their  slender  legs  and  elastic 
feet;  they  remind  us  of  the  fight  meiubers 
of  a  bird  organised  for  the  attenuated  air, 
and  when  we  see  the  alarmed  deers  or 
antelopes  bonnding  over  the  roclcy  clifib, 
they  look  more  like  birds  on  the  wing 
than  ([uadrupeds  running  on  all-fours. 
From  this  necessary  lengthening  of  their 
organs  of  motion,  their  legs,— to  escape 
from  danger  and  to  wade  through  the 
long  vegetation  on  which  they  feed,  their 
neck  and  head,  raised  on  pillars  high 
above  the  ground,  must  be  lengthened 
proportionally,  to  reach  their  food  on  the 
earth,  and  to  serve  as  a  hand,  like  the 
birds,  from  the  limited  motions  of  the 
joints  of  their  legs.  Hence  the  lengthen- 
ing of  their  tail,  which  often  terminates 
in  a  long  brush  to  wipe  the  dust  aw  ay,  or 
whip  the  insects  fi-o:n  their  trunk.  It  is 
also  from  the  great  preponderance  of  their 
externa!  over  their  internal  carotid  arte- 
ries, as  well  as  from  their  retia  mirabilia, 
on  the  trunks  of  the  internal  carotids, 
that  their  head  remains  nninjured,  though 
hanging  down  incessantly  at  the  end  of  a 
long  pendant  neck,  and  the  blood  thus 
sent  to  the  superhcial  parts,  develops 


those  remarkable  processes  and  horns 
fimn  the  centres  of  ossificatlaii,  or  tubero- 
sities of  the  frontal  bones. 

The  frontal  bone*  which  always  sup- 
porli  tiie  horns  ia  raminafftng  quaditi^ 
pads,  as  you  see  in  this  skull  of  the  Vir- 
ginian deer  {Fig.  81,  c  c),  is  divided  by  a 
continuation  of  the  sagittal  suture,  or, 
rather,  the  sagittal  suture  only  exists  be- 
tween the  two  portions  of  the  frontal 
bone,  for  behind  them  the  two  parietal 
bones  {Fig,  81,  e)  form  a  oontinnoas  Mdid 

Fig.  81 


arch,  by  their  complete  anchylosis  on  the 
median  plane,  and  form  a  solid  wall 
around  the  greater  part  of  the  skull. 
\A'ere  the  sagittal  suture  continued  through 
the  parietal  bonea,  as  well  as  through  the 
frontals,  the  head  would  be  greatly  weak- 
ened; and,  provided  with  large  and  heavy 
horns,  developed  from  protnberanoes  of 
the  frontal  bones,  the  head  would  be  more 
liable  to  be  split  into  two,  were  the  two 
parietals  not  anchylosed,  and  thus  to  form 
a  solid  arch  over  the  head  behind  the 
horns.  The  frontal  hones  are  united  by 
a  beautiful  and  deeply  serrated  suture. 
The  centres  of  ossification  of  the  frontal 
bones,  the  frontal  protuberances,  shoot  out, 
in  roost  of  the  males  of  those  ruminating 
quadrupeds,  elevated  processes;  those  pro- 
cesses sometimes  are  covered  with  homy 
sheaths,  which  are  permanent,  and  com- 
posed of  an  elastic  homy  extravascular 
substance.  At  other  times  ttmse  SxGolttX 
tuberosities  shoot  up  solid  osseous  or- 
ganised antlers,  which  are  periodically 
formed  and  cast  olt  The  permanent  homa 
cover  an  elevated  permanent  projection 
on  each  of  the  frontal  bones,  of  a  cancel- 
lated intern^  structure ;  but  the  deddu- 
oils  horns,  which  bdong  to  the  deers 
{Fig.  80,  b  b),  are  continuous  with  the 
frontal  bone  itself,  organised  and  grow* 
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ing  like  that  bone,  contoliilated  l>y  the 
Bane  Mrthy  nisteriab,  but  witb  a  larger 

proportion  of  animal  matter,  and  with  :i 
Miter  iuternal  core  passing  through,  all 
Ibe  branchef. 

In  consequence  of  the  small  L  vlop- 
TTient  of  the  cranial  cavity,  and  of  llie 
brain  within  it,  tlie  internal  carotid  ar- 
tery passes  smaller  into  the  interior  of 
the  head,  and  the  external  carotid  ar- 
tery receives  the  greatest  proportion  of 
the  blood  lent  to  the  head.  It  U  sent 
over  the  fore  part  of  the  head,  and  over 
the  sidee  of  the  head,  by  the  huge  branches 
of  the  tempond  artery.  The  mmtal  bones 
are  here,  therefore,  largely  supplied  with 
bloodvessels,  the  great  sources  of  nutrition 
and  development.  Those  branches  of  the 
tanpoial  artery  shoot  upwards^  you  ob* 
aerve,  and  cover,  by  their  numerous  ranil- 
fioUions,  the  whole  exterior  of  the  large 
antlera  apon  eooh  aide,  and  during  their 
growing  state  they  are  highly  scnsiide, 
■oft^  warm,  vascular,  and  covered,  us  the 
other  bonea,  by  the  bury  aldn. 

For  a  considerable  time  dnrin^  tlie 
growth  of  thi3  pixyecting  portion  of  the 
frontal  bone,  we  find  that  a  large  portion 
of  the  blood  circulating  in  the  system  is 
thus  employed  in  the  development  of  a 
part  that  is  afterwards  to  be  lost.  When 
tUa  portion  has  been  completely  formed, 
covered  with  the  ordinary  integuments, 
highly  oiganised,  and  has  bi^rome  com- 
pletely consolidated,  we  obaerve  that  the 
deposition  of  ossific  matter  takes  place  to  a 
much  greater  extent  around  the  base  of  the 
antler.  So  much  indeed  is  thrown  oat  around 
the  trunks  of  the  arteries  which  aupplied  its 
exterior,  that  thn<^e  trunk ><  are  gradually 
pressed  upon,  obhicrated,  and  the  nutri- 
tiona  fluid  ia  thus  cut  off  from  the  whole 
of  the  antler  as  effectually  as  if  the  vessels 
were  tied  by  a  ligature.  Thc.antler  then  be- 
comes a  dead  portion  attached  to  the  living 
frontal  bone.  It  remains  thus  during  the 
winter  season,  and  until  the  heat  of  spring, 
when  the  blood  is  sent  in  larger  quantity 
to  the  head,  and  from  the  small  develop- 
ment of  the  brain  and  interior  of  the  head, 
the  blood  is  sent  chiefly  to  the  exterior 
parta,  and  ia  large  quantity  to  the  frontal 
Done.  Tliis  part  thus  becoming  highly 
sensible  and  vascular,  begins  to  under- 
mine the  dead  antler  by  the  absorption 
of  the  living  bone  at  its  base,  as  the  dead 
bone  is  removed  by  the  absorption  of  the 
living  in  caaea  of  necrosis  in  the  human 
body.  It  is  thus  completely  undermined, 
and  by  coming  against  the  fjranch  of  a 
tree,  or  sustaining  any  slight  agitation  of 
the  head,  those  antlera  fall  to  the  ground. 
A  fresh  bleeding  wonnd  is  left  over  the 
frontal  protuberance  on  each  side.  Tlic 
iategumentt  toon  clflte  orer  t&a*  bleeding 


wourtd.  Tiie  processes  continue  to  grow 
and  to  extend,  stUl  covered  with  the  into* 
gumcnt^,  liighly  sensible,  vascidnr,  soft, 
and  cartUagiiious,  and  gradually  they  pro- 
jccttbeir  successive  branches  ttpon  a  larger 
scale,  and  mnrr  mniu-rous  in  each  succeed- 
ing year.  60  that  we  find  those  antlers 
thus  aendng  as  a  divertlctdum  to  a  con- 
siderable  quantity  of  bloud  at  stated 
seasons  of  the  year.  The  horns  of  the  deers 
arc  thud  reucwed  every  nummer,  when 
the  skin  which  covered  the  growing  horns 
dries,  and  falls  off  in  ra^^gid  fragments. 
They  are  thus  too  intimately  connected  iu 
their  growth  and  casting,  with  the  genera* 
tion  of  the  species  in  the  deer  tribes.  In- 
deed, castrating  the  animal  at  an  early 
period  of  life,  prevents  their  development; 
and  if  the  animal  be  castrated  when  the 
horns  are  de\  eloped,  they  will  not  be  cast, 
hut  remain  permanent.  It  is  cxti*aordi- 
nary,  in  a  physiological  point  of  view,  to 
observe  in  these  animaU"  the  immense 
quantity  of  phoiiphate  of  lime  wliich  ia 
often  thus  periodically  secreted  from  the 
Idood,  and  periodically  thro\vn  off.  In  the 
fossil  elk  of  the  Isle  of  Man  (i^/y.  80.  It  ti), 
there  appears  to  have  been  as  mucn  os- 
seous matter  in  the  huge  palmated  ant- 
lerg  as  in  the  whole  of  the  rest  of  the 
skeleton  taken  together.  So  that  we  may 
auppose  that  that  animal  regularly  formed 
every  year  as  much  ossific  matter  as  that 
composing  the  whole  internal  skeleton  of 
the  body.  When  the  new  horns  are  com- 
pletely formed,  ami  tlie  skiu  rlt  ov  j  from 
their  surface,  the  blood  excluded  from 
them  ia  directed  to  the  genital  organs,  and 
the  intercourse  of  the  species  takes  ]>lace. 

The  pennanent  horns  of  ruminantia  are 
formed  by  succo!>i.ive  hollow  coneys  of  a 
horny  substance,  placed  within  each  other, 
I  and  sheathing  n  bi^^idy  cancellated  pro- 
j  tuberance  of  each  frontal  bone.  Those 
I  permanent  cones  thus  cover  a  projection 
in  precisely  tlie  same  reu;lon  of  the  frontal 
lK>ne  as  that  occupied  by  the  deciduous 
antlers.   By  the  successive  formation  of 
new  horny  matter  from  the  base,  as  in  the 
growth  of  hairs,  clasv>,  nnd  other  cpidennic 
jjarts,  withm  the  01  d,  we  can  trace  a 
kind  of  analogy  betwixt  the  phenomena  of 
the  devclopmeiit  of  these  iiermancnt  horns 
and  the  successive  fonnatiou  of  tlic  de- 
ciduous antlera  of  the  decrs.  In  the  one 
case  the  gradually  superadded  matter  is 
continued  in  connexion  with  the  old,  like 
the  layers  of  the  shells  of  inollusca;  but  in 
'  the  case  of  the  antlers  it  is  ahogether  re* 
\  moved  from  the  system,  like  the  deciduous 
I  shells  of  Crustacea.   It  is  quite  necessary 
j  it  abould  be  entirely  removed  from  the 
5fystcm  in  the  case  of  tiie  antlers,  becau!?e 
having  once  acquired  their  perfect  form, 
they  posaen  no  mem  of  growing  and 
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keeping  i)iDj)ortionate  with  the  rest  of  the 
bead  and  skeleton ;  they  become  conso- 
lidattd  and  dead,  their  circnlRting  fluid?! 
being  cut  off.  Not  having  the  means 
of  g^iowing,  they  would  not  fnlfl]  tbe 
same  purposes  in  the  adult  animal  for 
which  they  were  (IrstRnct!,  were  they  to 
remain  in  their  youthful  diminutive  form. 
It  is,  therefore,  necessary  that  thcfj^  sbaU 
he  periodically  thrown  f  ift.  nnd  tbnt  each 
succeeding  pair  shall  corrcspoud  in  dimen- 
ilolis  and  rorm  ^th  tbe  wrats  of  Ao  aii!<- 
mal  at  all  those  successive  periods.  Tlic 
petinancnt  soft  horns  are  gradually  pushed 
froni  the  protuberances  by  the  growth  of 
the  new  parts  at  the  base;  so  that  v  may 
look  n[)oii  those  permanent  fibrous  sli^ath- 
ing  horns  analogous  to  a  scries  of  suc- 
cessive deciduoQS  antierfi,  by  the  rocces- 
tivc  additions  made  to  their  base  during 
tbe  whole  life  of  the  animal,  the  primitive 
ybcmg  horn  being  tbe  smaU-ixxfatted  apex 
in  the  adult  horn. 

Wc  nhscn-e  a  connideraMc  difference  in 
the  fiinii-s  prcscnU'd  by  the  frontal  bones 
in  different  runiinantia.  Some,  as  thiy 
fonr-horiu  d  antelope  from  India,  tbe  head 
ofj  w;hich  I  hold  in  ray  band,  have  four 
protuberances,.  lUl  from  the  long  frontal 
hones,  and  these  covered  witli  a  horny 
suhstincc,  forming  fonr  pointed  sheaths. 
Mostly  thi-rc  are,  however,  only  two  sut  li 
iVontai  protubcrajnopSy  tbe  centres  of  ossi- 
fication in  the  young  bones,  covered  witb 
a  Uieri|\af}cnt  horny  sheath ;  as  is  the  case 
With  the  antelopes,  oxen,  sheep,  and  goats. 
The  deer  tribe,  as  wc  have  seen,  have 
the  frontal  protuberances,  with  deciduous 
osseous  developed  masses.  Tiie  male  and 
female  of  tho  gtralTo  have  two  Uitml  per- 
manent ])n)tuberances,  which  are  covered 
Vfith  skin,  ainl  terminate  in  tufts  uf  blajk 
luiir«  ^\aiii\  are  intermediato  in  their  cha- 
racter between  tlie  horny  sbeaths  of  the 
QUO  tribe  and  those  deciduous  horns  of 
tbe  deer ;  in  fact,  you  may  look  upon  the 
two  lateral  jiromiuences  of  the  frontal 
bone  of  tbe  giraffe,  as  the  imperfectly  de- 
veloped and  still  growii)^;  horns  of  the 
deer;, they  arc  covered  not  pnly  perma- 
jienUy  with  integuments,  as  the  deer's 
horns  arc  when  they  continue  to  shoot, 
bttt  they  are  frequently  covered  with  a 
tuft  of  li.iir,  showing  tbe  dirteri  u  of  deve- 
lopment, the  dcveloiui>cnt  having  a  tend- 
ency to  proceed  iu  that  direction.  But 
hW  can  the  carotids  develop  perfect  ant- 
lers at  the  extremity  of  so  long  a  perpen- 
dicular tapering  neck  t  lliey  can  develop 
only  tho  stumps  of  antlers  and  tufts  of 
hair.  The  giraftea  form  an  anomalous 
group  iu  this  order,  fur  we  observe,  also, 
that  basides  those  two  lateral  pennanent 
prominences,  which  are  sometimes  isf)- 
jatcU  by  tuttuvs,  they  have,  developed 


upon  the  median  phuie,  an  elevated  tn- 
benMiCy  analogom-  to  that  wMell  top* 

ports  the  frontal  or  posterior  horrt  of  the 
two-homed  rhinoceros.  The  camels,  the 
dromedaries,  the  lamas,  tbe  mmk-dadh^ 

and  tbe  females  of  most  genera  of  nulli<< 

nantia,  are  entirely  destitute  of  these  or- 
gans of  defence  developed  from  the  frontal 
bones,  and,  what  is  curious,  tbe  genera 
which  I  have  mentioned  as  without  horns 
are  pronded  with  canine  teeth,  so  rare 
among  the  anfmals  of  tliis  order.  These 
remarkable  org:ans  on  the  frontals  re- 
quire the  intcrfrontal  suture  to  check  the 
spreading  of  percussions  to  which  they 
arc  so  incessantly  ex])osed.  They  are  inte- 
resting parts  in  a  physiological  point  of 
view,  from  their  relations  to  the  genital 
system,  and  from  tbe  powers  of  regenera- 
tion which  they  naturally  di-play.  They 
are  important  parts  for  the  zoological 
classification  of  these  animals,  and  tlie 
constant,  obvious,  and  n.<eful  characters 
which  they  afford.  They  arc  interesting 
objects  to  the  geologist,  in  enabling  him 
to  decipher  and  distinguish  the  extinct 
species  so  abundant  in  alUivial  formations, 
and  it  is  important  for  him  to  become  ac- 
quainted with  the  various  fbrms  which  tbe 
horns  of  the  same  8p''cies  present  dining 
the  successi>'c  years  of  the  animal's  ad* 
vancc  to  maturity,  the  plan  of  tbehr  for- 
mation being  the  same  in  each  species, 
although  that  plan  is  only  perfected  at 
maturity,  after  numerous  approaches  dur- 
ing the  whole  preceding  period  of  life. 

The  n:reat  development  of  the  frontal 
bones  separates  the  orbits  to  a  distance 
from  each  other,  and  the  large  prominent 
eyes  of  the  ruminantia  are  direc  ted  late- 
rally. Tbe  orbits  communicate  with  tho 
temporal  fossw,  but  they  have  a  complete 
circle  of  hone  by  the  development  down- 
wards of  tbe  z}'c:omatic  or  molar  process 
of  the  frontal  bone,  and  by  the  develop- 
ment upwards  of  the  ssygomatic  bom  it- 
self, observe  that  the  preat  develop- 
ment of  the  fiice  in  these  animals  is  cficct- 
ed  by  the  ordinary  bones  of  the  fiico,  and 
by  the  introduction  and  extension  for- 
wards of  a  bone  which  in  the  highest 
mammalia  is  conftuud  to  tlic  orbit — the 
Uichrymal  bone  81,  FUj.  82.  #  e), 
which  extends  down  along  tbe  side  of  the 
nose.  The  superior  jaw-bones  are  of  con- 
siderable lengUi  and  of  great  depth  to  give 
insertion  and  the  means  of  growth  to  a 
considerable  numlier  of  large  and  deep 
molar  teeth.  The  nasal  bones  (JRf^.  81,  i; 
Fi$,  92,  ff)  are  both  long  and  broad,  and 
cover  a  large  nasal  cavity  and  an  exten- 
sive and  acute  organ  of  smell.  The  tnr- 
bimited  bones  are  of  considerable  size  in 
those  nnninating  animals,  and  in  herbivo- 
rous animals  generally,  and  correspond 
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with  the  great  l^g1tjti,aC4iw  ftce  and  of  the ; 

naaal  cavities.    The  organ  of  smell  in  tlie 
ijxoTt  -  headad    carnivoioug  quadrupeds,  < 
owfls  its  development  more  to  the  nurne*  | 
rons  turbinat-^tl  rolls  of  the  ethmoid  bone.  | 
The  frontal  ^iIlllse^  are  qf  great  inagiii- 1 
tilde,  especially  in  those  species  which  i 
have   large  permanent  horns,  in  ^^hieh 
they  extendi  OT.er  all  th^  upj^r  part  of  the  i 
head.         '  | 
In  the  tntermazillary  bones  {Fig.  82,  h  h)  \ 
we  observe  generally  in  i  nii;'tiiating  ani- 
mals, that  there  are  no  teeth.   This  is  the 
Clue  with  the  deert^  -witlitbe  antelopes,  with 
the  oxen,  with  sheep,  and  with  goats.  It  is 
the  case  with  the  gipffe,  with  the  bufialo^ 

Sd  inost  of  the  m^inary  ruminanln.  Bot 
ere  is  a  beautiful  gradation  in  the  struc- 
ture of  these  bonps,  from  the  solidnngn- 
ious  pachydtrma,  where  there  are  both 
incisors  and  canine  teeth  above,  through 
the  ca  n,  Is,  and  dromedaries,  and  lama-s, 
aAd  musiv  deers,  where  they  also  exist  iu 
tfie  upper  part  of  the  month,  to  the  typical 
form  iu  the  lower  ruminantia,  where  theie 
ai*e  neither  incisors  nor  canine  teeth  above,  i 
In  ruminating  quadrupeds,  the  intermax- 1 
illary  bones,  mr  the  most  part  destitute  of. 
teeth,  form  the  anterior  tonnination  of  the 
face,  and  are  covered  below  with  a  firm 
cartihi^oas  lining.  They  are  thin,  de- 
pressed, expanded  laterally,  and  the  carti- 
laginous substaace  which  cover^i  thciJi  n 
the  part  agalnxt  which  the  tongue  presses 
the  grass.  In  the  camels  we  obser\'e  in 
each  intermaxillary  bone  one  incisor  tooth. 
Behind,  those  incisor  teeth,  one  upon  each 
•id^  we  obsen  e  a  canine  tooUi.  Those 
canine  teeth  are  also  very  raie  in  rumi- 
uatii^  quadrupeds.  We  see  them  in  the 
musk-deer  forming  large  tmlcs:  we  ob- 
rve  them  in  the  dromedary,  in  the 
uyuelsi  in  the  lamas,  and  iu  the  pacas,. 
Ill  die  inferior  ruminantia  there  arc  most 
generalfy  no  canine  teeth  cither  abo\  e  or 
below.  The  molar  teeth  of  runtinrttinG: 
quadrupeds  have  the  plates  ot  enaniei 
mrectcd  longitudinally ;  they  traverse  the 
teeth  in  a  longitudinal  flirr(  tion,  alternat- 
ing with  layers  of  osseous  subt^tance,  and  in 
a^ariaUe  number  of  plates.  In  the  upper 
jaw,  the  oblique  direction  of  the  crown  of 
these  molar  teeth  is  upwards  and  inwards; 
the  direction  in  the  lower  jaw  is  down- 
wards and  out>?k'ards.  This  direction  re< 
lates  to  the  kind  of  lateral  and  oblique 
motion  of  which  the  lower  jaw  admits, 
and  the  kind  of  motion  which  the  animal 
enijjloys  in  the  act  of  ruminating.  Upon 
this  also  depends  the  exterior  convexity  of 
the  layers  of  the  molar  teeth  in  ^e  Ipwer 
jaw,  and  the  interior  oonvezi^  odT  l^ose 
oif  the  upper  jaw. 

We  have  thus  three  kinds  of  teeth  dis- 
tbdHy  developed  in  many  of  the  nuui- 


nautia.   In  the  cetacea  we  acarpf^y  find  a 

fixed  (brutal  formula,  especialiy  among 
the  blowing  cetacea.  We  have  seen  tiiat 
their  teeth  have  the  same  ibnn  from  the 
anterior  to  the  posterior  part  of  the  jaws. 

It  is  of  great  importance  in  the  stu4]?.of 
quadrupe<b  to  attend  to  tbe  foisn*  the 
growth,  and  all  tbe  characters  that  relate 
to  the  teeth.  Teeth  which  are  implauted 
in  the  iaLcimax illary  bones  are  termed 
inemr  teeth,  and  those  opposed  to  them 
in  the  lower  jaw  go  by  the  same  name. 
The  teeth  which  come  next  to  the  in* 
eiaon,  both  above  and  bdow,  when  there 
is  not  a  considerable  vacant  space,  are 
called  camne  teeth.  All  the  teeth,  which 
follow  behind  die  canine  in  both  jaws  are 
called  molar  teeth.  These  are  the  names 
of  the  teeth  of  animals  cmjdoyed  by  zoolo- 
gistu.  The  form  of  the  teeth  has  nothing 
to  do  with  the  names  assigned  to  them 
which  I  have  mcntinr  cd,  for  we  shall  find 
that  often  the  incisor  teeth  placed  in  the 
Intermaanllaiy  bones  are  much  larger 
than  the  canine  teeth,  and  that  the  canine 
teeth  may  be  the  smallest  in  the  jaws. 
The  teeth,  from  being  so  intimately  re- 
lated to  the  kind  of  food  and  livii^  habits, 
form  the  most  important  parts  connected 
with  the  skeleton  of  quadrupeds,  for  de- 
termining the  true  charactei-s  and  nature 
nfrb'  :  ( :n:.  i)s  that  arc  left  US  in  the  strata 
of  the  eai  til,  of  the  innumerable  genera- 
tions of  quadrupeds  that  have  formerly 
existed,  although  these  teeth  are,  in  fac  t, 
only  cutaneous  developmcntS|  like  the 
claws  or  hooi:s  of  the  feet. 

There  are  two  canine  teelb  above,  and 
two  canine  below,  in  the  camel,  as  in  the 
male  of  the  solidungulous  pachyderma. 
Behind  those  canine  teeth,  and  (^uite  iso- 
lated, there  are  small  teeth,  shaped  like 
canine  teeth,  in  the  camel,  of  a  conical 
form,  two  in  number  in  each  jaw,  and 
separated  both  from  the  canine  teeth  and 
the  mnlnr  teeth;  these  and  similar  molar 
teeth  for  the  most  part  are  called  /al»e 
molares,  both  above  and  bdow.  Then 
there  succeed  five  true  molar  teeth.  All 
these  arc  expressed  in  an  abridged  den- 
tal fonnvla  by  the  zoologist,  which  saves 
a  considerable  deal  of  description  in  giv- 
ing the  distinctive  charactci's  of  quadru- 
peds. 

The  alternate  plates  of  enamel  and 
osseous  substance  of  the  teeth  in  the 
ruminating  animals,  are  directed  longitu- 
dinally along  the  crowns  of  the  teeth; 

thr.t  ( nrrcsponds  with  the  lateral  motion 
of  the  lower  jaw;  and  we  shall  find  that 
where  the  plates  of  enamd  are  thos  dHb* 

posed  alternately  with  osseous  substance 

m  the  structure  of  the  teeth,  those 
plates  of  enamel  are  placed  almost  always 

at  right  angles  to  the  dfrectton  of  the  no- 
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liM  of  tbe  lower  jMWi  <Ui«clion  of  tiie 
fri^tes  of  enamel}  tktrefore,  would  indicate 
to  you  the  direction  of  the  motion  of  the 
jaw  to  which  such  teeth  belonged,  liece  the 
loBfilnafaial  dimolini  toJicrt—  MMt  tM 
lower  jaw  moved  laterally.  Here  then 
they  were  obviouidjF-  pla(^  at  right  angles 
to  the  diraollMi'«^  the  neHttm  iwUch-  w 
MqnUttA  in.  eider  to  hriaf  11m  two  rough 
■HTOoaa  over  each  other  tfantversely  to 
glHid  the  vogetable  food.  Thoio  arc 
ether  %ipdniped»>.ae  the  rMtoiitc,  which 
have  the  contrary  motion  of  the  teeth  and 
jwi~which  move  the  lowef  jaw  back- 
mde  mi  fownHi-  in  ar  hmgitedbial  di- 
rectiou»  sliding  in  ;i  horizontal  i)lane. 
Those  quadrupeds  have  plates  of  enamel 
alternating  with  osseona  substoiaoe,  as  the 
romiwtie»  hot  the  chreeHoaef  the  plate* 
is  transverse,  or  directly  opposed  to  the 
former.  Ithegp  ace,  ia  the  rodoat  quadru- 
pe(b»  diiacttdl  INMMWiiWfly'  aorosa  the 
crowu  of  the  tooth,  which  is  slill  at  ri^^ht 
angles  to  the  divootien  oi^  the  motion- ot^ 
the  lewe^  jaw  in  thul'ovder  af  miiwaMi  |  peedeoed  ehiei^  by  the  large  afaMsoHrllN 
CainivercMie  quadrupeds  have  teeth  of  It  ween  the  two  tables  of  the  sfcidik  the 
a  very  diferent  character.  Their  teeth  tVontal  sinuses  which  open  into  the  nose, 
do  not  meet  by  flat  surfnces,  like  those  <  imd  extend  into  the  cancellated  core  of 
-teeth  1  have  ))een  speaking  of j the  hovns  {My.SZt  cc)  continued 


in  the  ruuiiuantia  and  rodeniia.  The  the  two  frontalhones  {/■'iy- ^'^j-  The 
tffsth  of  carmverous  q<if^-upeds  are  oo^ :  zygoipatic  arch  iskreoMrJcably,  iknder,  aa 
f«rad  with  a.  oontifluone  kiyar  o#  vevjr^uMe  pewei»  of-  the 
clense  enamel,  and  they  cross  each  other  required  to  noasticate  the  pulpp 
like  the  bladc«  of  u  pair  of  scissorib  Off  i  broagbt  op  from  the  second  stofliMA  te 
two  knives  when  the  jaw*  Me  dosed. '  the  mouth  in  the  act  of  nuninatioEL  By 
They  cut  off  thus  the  messes  of  tlc^ih  on  the  ext^Mion  lateratty  ol'the  ovbita,  Miro» 
which  they  are  to  feed,  and  do  not  grind  Tuarkahle  iu  the  cain«da,  these  thnid  and 
it»  either  by  a  lat<>ral  or  longi^udiDal  mo^  watchful  animals  hay<^  while  their  long^ 
tiesii  bwt  iMMaetfrnte  furtber  cut  it  by^  a '  head  pruues  the  tari  a  very-  trideniige^ 
perpendicular  or  vertical  motion  of  the  of  vision;  their  visual  impressions  beinr^ 
lewer  jaw»  They,  ai^e-  e^iarely  covered  j  copvey.ed  through. one  eye  at.  tiei^aie» 
WUh  enameU  and  }mm  4i»vp  9am9i!»i^  'htmmvk  mmA  leet  dmM-1laa-i 
c4  crowns  dii*ected  l<Higptiidinally.  These  the  eyes  are  approxiroatedk  and 
foums  of  the  crowns  of  tho  molar  teeth  |  both  to  the  same  object  at  once.. 
nan  have  tlte  condyle  of  tlio  lower  jaw,  |  The  feahle  and  defenceless  quadrapada 
asi^-  the  glefioid  cavity  of  the  temporal  of  this  order  are  generally  gsegertMm  tMl«« 
bone,  i)recisely  fmincd  for  the  kind  of  endowed  with  watchful  instincts;  they 


mptijOJEk  suited  to  the  teeth,  so  that  the 
Ana  al  the  one  indieatea  the>e(  ttvaotber. 

The  condyle  is  transverse,  aJid  securely 
locked,  in  a  tivauaverse  4eef .  gljuuoid  cavity 
ia  the  eatmipa^.  It  ialon^itudiMdy  Im;  fim 
loBg^odinaL  gilding  Hiotiem  of  the  kraer 

jaw,  in  the  rodeiUia. 

In  thtj  ruminantia  tVie  extensive  lateral 
ead.  eUkptemotiqii  o^  the  loweit  jaw  re- 
quires  the  condyle  to  be  flat,  and  to  play 
on  aa  extensive,  flftt,  gleuoid  sudace )  and 
tiie  ooTMioid  i»ooe«  {Fig,  81,  q)  td  the 
lower  jaw  is  very  long,  and  extended  far 
through  the  very  small  zygomatic  arch, 
so  that  dislocation  of  the  jaw  by  this  late- 
ral extensive  motion  is  eflectuaUy  pr-ovi- 
deJ  :ic^nin-5t  by  this  structure.  Tlie  threat 
brcaikli  of  tLu  forehead  i^  uiauy  oi  the 


are  generally  provided  with  the  weans  o€' 
esoaiie  by  flight  ftoom  their  omm  pownrtil- 

and  cunning  foes.  Their  means  of  escape 
are  theiv  power  of  bounding  with  rapidly 
over  the  pjalei*  Hut'  in  general  Hm 
deaigi  and  the  aatelopea  have  a  slender 
and  lengthened  body,  and  the  extremities 
have  the  boues  slender  and  lengthened, 
provided  with  muscles  of  considerable 
power,  with  long  tendons  for  their  rapid 
motions.  These  circumstanees  we  fmA  te 
faifleanoe  eenrideeably-  the  lfae«ie»'el  Ihih 
skeletons  in  the  nitniuating  animals. 

You  observe  iu  the  deer  tribe  {Ftg.  8d)v 
as  in  the  s]>ecim9oa  before  you,  thatthe^ 
neck  is  long  aed  flarible  in  ever)'  tlicectkiu, 
and  that  the  cer\'ical  vertehrce  {Fig.  80,  c) 
bavc.  a  leugthcucd  and  aletopt  cylindrical 
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iBrm;  Uiat  their  rahuma  and  transverse 
,  pi<Mffi8ui  mre  so  i^|litly  developed  as  to 

be  no  impediment  to  the  circTiln-r  rotation 
of  the  neck.  You  see  the  same  thing  in 
tiM  mtelopes,  as  in  tbto  African  gnu.  The 
namber  of  cei  \  icalyertcV)ra"  is  the  same  in 
1^  the  ruminantia  as  in  almost  ail  the 
JMnmaUii^the  same  as  in  the  hunianneck 
•even.  It  Is  the  umt,  indeed,  from  fhc 
loftiest  of  nil  qnadmpcds,  the  giraflfe, 
down  to,  the  smallest  of  the  mammalia— 
4own  to  the  Httle  shrewt.  In  the  long 
neck  of  the  giraffe  the  seven  crr\  ir-il  vcr- 
tebnearelik^Umgnanrowcyliudrical  tubes, 
to  nllDw  of  the  freeit  notion  on  each  oAer 
In  every  direction. 

lu  conscqtiencc  of  the  eight  given  to 
the  head  by  the  antlers  m  one  tribe  of 
tlwn  animals,  and  the  large  massive 
homs  which  wc  fiTv!  In  many  of  the  others, 
as  this  huge  buffalo  ot  India,  it  is  necessary 
that  there  shoidd  he  the  means  of  support- 
ing- sn  rnoriiions  a  weight.  From  the  use 
which  is  made  of  those  instruments  of 
de£snce,  we  sec  that  it  is  necessary  to 
provide  tiiehendivMi  mote  than  merely 
the  means  of  snpporHng  the  weight,  for 
Ihey  must  l>e  used  often  against  great  rc- 
iristanoe.  T%e  insertion  solely  of  muscles 
for  the  motions  iinf!  the  support  of  ^o 
large  a  weighs  would  be  exceedingly  iu- 
ooQvenient  in  ooneoqaence  of  the  great 
muscular  develoj)incnt  which  would  be  re- 
quired for  such  a  purpose,  and  v  hich  would 
of  itself  increase  the  great  weight.  It  is 
on  this  account,  therefore,  that  we  observe 
the  dorsal  vcrtpbne  in  the  ruminantia  to 
have  the  spinous  processes  {Mff.dOtd)  very 
much  lengthened,  nndlfae  trantvene  ridge 
of  thp  nrcipital  bone  much  elevated.  Alonp 
the  extreme  points  of  those  processes  of 
the  dovMl  vertdme  the  Ugamentam  nnchae 
extends  from  the  occipital  bone,  firequently 
also  along  spinous  processes  of  the  h!ni})ar 
Veitebnc,  along  the  sacral  vertebra;,  and 
even  to  oooc^^eal  vertebra,  touching 
the  spinou.sprocesst"'  of  all  those  vertebne.  I 
By  the  elaiiticity  auil  flexibility  of  that 
ilrong  ligament,  the  head  of  Uloie  long- 
necked  animals  is  not  only  kept  in  a  state 
of  rest  without  muscular  exertion,  but  is 
actaally  raised  from  the  ground  to  a  slight 
degree,  when  the  head  has  hern  forced 
to  desronf!  to  the  ground  for  food.  Being 
tbeu  upon  the  stretch,  there  is  a  tendency 
in  this  ligament  to  recover  iti  natural 
state  of  relaxation  from  thnt  state  of  ex- 
tension into  wbicUi  it  is  forced.  This  ap- 
piUef  ebo  to  the  large  pachyderma,  from 
vhich  there  is  a  natnnd  transition  to  the 
skeleton  of  the  ruminating  animals,  and 
where  we  And  the  head  frequently  pro- 
'Vided  with  heavy  instvuDienti  of  oifence  I 
nnd  defence.  The  transverse  processes  of 
the  lumbar  ?ertebr«  are  here  both  long 


and  strong,  for  the  mnsdes  wfaM  MMileiB 
their  large  abdominal  cavity. 

The  sacro-iliacarticMlatton  (T^ff,  80,  n)  in 
the  ruminantia  vanes  a  little  in  its  degree 
of  Intdination,  according  to  the  heavlnese 
or  lightness  of  the  trunk,  and  the  chstirity 
it  requires.  In  those  which  are  destined 
to  move  wMh  velocity  over  the  plains,  the 
obliquity  from  the  perpendicular  is  great- 
est, to  give  elasticity  to  the  limhM-,  Hut 
that  articulation  is  more  vertical,  m  prtj- 
portion  to  the  iireight  of  the  trunk,  and 
the  massive  character  of  the  whole  skele- 
ton. We  find  that  this  sacro-ilioc  articu- 
laftm  thus  hecomes  more  and  more  ap- 
proached to  the  jierpendicular,  as  the 
weight  of  the  whole  trunk  increases.  It 
must  appear  obviout  to  you,  from  the  po- 
sition and  the  direction  of  this  articula- 
tion (Fiff.HOyU',  that  it  is  fcohlcst  and 
most  liable  to  motion,  when  it  is  most 
tamed  from  the  perpendicidar,  as  In  the 
light  skeletons  of  the  dcers.  The  coty- 
loid cavity,  for  the  reception  of  Uie  head 
of  the  feronr,  is  then  thrown  oonsidemblf 
backwanis  behind  that  part  by  which  the 
whole  pelvic  circle  is  attached  to  the  ver- 
tebral column.  There  is  u  degree  of  mo- 
tion, therefore,  in  this  region,  which  addc 
to  the  elasticity  of  the  movements  of  these 
nimble  animals,  and  which  tends  to  break 
the  impidse  given  to  the  body  in  its  bound- 
ing from  rock  to  rock  when  pursued  among 
the  cliifs.  Consequently,  in  the  onniivo- 
rotis  animals,  which  possess  also  great 
nimbleness  and  lightness  of  motion,  wo 
find  this  obliquity  to  be  considerable,  to 
break  the  impulse  of  their  leaps.  But  the 
most  perpendicular  sacro^lUac  ardcnlation 
of  all  is  in  the  massive  pillars  of  the  cle- 

Ehant  which  we  see  passing  in  straight 
nes  from  the  ftet  up  to  the  sides  of  the 
sacrum,  or  to  the  vertebral  column,  reach- 
ing perpendicularly  to  the  cotyloid  cavity 
from  the  ground.  The  peUns  is  here  in 
the  deplunt  directed  perpendicularly 
I  down^^'a^d8,  so  that  there  is  a  continued 
vertical  line  from  the  sacro-ilioc  arttcula- 
tion,  mA  from  the  cotyloid  cavity  to  the 
ground  on  which  these  stroiii^  pillars  rest. 
It  is  ob\nou8  that  there  is  greatest  strength 
given  to  the  attachment  of  the  trunk 
when  the  pelvis  is  directed  the  most  per- 
I>cndicularly,  and,  therefore,  in  the  most 
massive  forms,  this  perpendicular  direc- 
tion of  the  pelvis  is  observed.  It  is  feeblest 
where  it  is  moat  ohUqne  in  the  lightest 
skeletons.  lu  consequence  of  this  obli- 
quity of  the  pelvis,  the  sacrum  te  gene* 
rally  of  great  length,  to  andkover  and  pro- 
tect that  cavity  above. 

The  coccygeal  vertebrae  {Piff.  80,  o)  are 
generally  numerous,  and  the  whole  of  that 
region  is  strong,  muscular,  and  flexible,  in 
ruminating  quadrupeds.  This  appear«  to  be 
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eoaneoiad  uMi  Ihe  very  limited  extent  of 
the  motions  of  their  extremities,  in  which 
securitr  and  not  extent  of  motion  is  pro- 
vided for.  Wc  SCO  many  animals  employ- 
ins  their  extremities  ibr  fenovin^KNtrces 
of  irritation  from  the  surface  of  their  body, 
for  cleaning  thatsnrfaoe  in  various  modes, 
nad  Ibr  varioM  other  manipulations;  but 
in  the  ruminating  quadrupeds,  wc  ob- 
serve a  remarkable  rhnrarter  in  the  arti- 
culations of  the  cxtrunnHes,  by  the  limited 
extent  of  motion  which  the  joints  admit 
of.  There  is  great  velocity  of  motion  in 
the  extremities  often,  but  that  velocity 
is  iiceomp«nfed  Tiy  a  limited  extent,  wna, 
consequrtul} ,  c^'t  at  ■security,  in  the  joints. 
They  remind  us  of  the  ginglymoid  joints, 
^ichr  yre  saw  in  crabs  and  other  cnista- 
oeous  animel8>  whioh  could  move  only  in 
one  direi  tion.  Now  it  appear*  connected 
with  this  circumstance,  that  we  find  in 
laany  of  those  animals  not  only  that  the 
coccygeal  vcrtcbne  are  nnmerous,  and  ad- 
mit of  verjT  tree  motion,  but  that  the^  are 
provided  with  a  bimh  at  the  extremity  of 
the  tail,  with  which  to  sweep  away  sources 
of  irritation.  The  neck  is  lenp^thencd,  the 
head  is  lengthened,  and  the  tongue  serves 
also  for  the  same  ]jorpOfe  as  a  hand, 
cleaning  and  removint*^  sources  of  irrita- 
tion. The  horns  arc  frequently  employed 
for  the  same  ptirposes,  because  the  fixed 
condition  of  the  aims  renders  them nsdess 
for  such  purposes. 

In  the  neck  of  the  giraffe,  and  in  the 
whole  vertehral  column  of  that  animal,  we 
jierceive  a  beautiful  adaptation  to  its 
living  habits.  Destined  to  inhabit  the 
wooded  plains  hi  the  interior  and  moatse* 
rlndrrl  pnrts  of  Africa,  and  to  prune  the 
foliage  from  the  summits  <tf  lofty  trees,  we 
see  that  itit  built  np,  like  a  straight  jiillar, 
to  stand  a  comparatively  narrow 

base,  and  that  the  neck  is  raised  up  ]>er- 
pendicularly  above  the  anterior  cxtrc- 
nritiee.  Its  legs  and  nedt,  tong  and  slender, 
and  mottled  with  brown  si)ots,  look  like 
the  stems  of  the  trees  which  it  prunes,  and 
it  is  thns  concealed.  Yon  see  in  lai^e 
quadmpeds  that  the  vertebral  column  is 
generally  placed  in  a  horizontal  plain,  and 
the  four  extremities  of  the  body,  the  an- 
terior and  posterior  pairs  of  extremities, 
placed  at  a  convenient  distance  from  each 
other,  to  serve  as  four  piiiars  of  support  to 
the  horizontal  tmnk  %  but  the  neck  bein^ 
much  lengthened  in  the  giraffe,  to  reaeli 
its  fnnd,  and  being  supported  by  the 
ntnal  apparatus  of  nniseles  and  other  soft 
parts,  it  presents  considerable  weight, 
which,  were  the  vertebral  column  not  so 
inclined  downwards  from  the  anterior  lo 
the  posterior  extremities,  w>uld  be  thrown 
altogether  upon  the  nrm'?.  By  an  ob- 
U<|«ity,  however,  downwards,  horn  the 


region  of  the  shoulders  to  the  region  of 
the  peMeirand  by  tlie  dose  approximation 

of  its  arms  and  legs,  a  considerable  part  of 
the  weight  of  the  whole  anterior  part  of  the 
body  is  threwn  npon-  the  pdtvis.  It  is  est 
this  account  also  that  the  aiiiiual  cairles 
its  long  neck  so  perpendicularly,  and  that 
the  posterior  extremities  of  the  giraffe 
are  so  closely  applied  to  the  anterior*  tt 
share  in  their  burden,  by  which  arrange- 
ment tlie  trunk  of  the  body  is  thus  so 
much  shortened.  Were  4«  head  of  the 
giraffe  to  be  at  all  proportioned  in  its 
weight  to  the  great  magnitude  ai  the 
body,  it  wonld  have  been  ivposslble  for 
it  to  be  support^  upon  the  extremity  of 
so  long  a  neck.  When  it  changed  its 
position  from  the  vertical  plane,  it  would 
have  fallen  to  the  ground.  The  skuM  of  the 
giraffe,  there  fere,  we  fiml  to  l)e  extraor- 
dinary among  quadrupeds  lor  smallness. 
It  is  sufficiently  large  for  its  object— t» 
support  the  orj^ans  of  the  senses,  and  to 
serve  as  an  instrument  in  pruning  the 
foliage  from  the  tops  ni  tiie  trees,  whidiit 
collects  by  means  of  its  very  long,  narrow»> 
and  flexible  ton^^ne,  rmpping  off  the  leaves 
of  the  branches,  and  feeding  upon  them. 

The  thorax  of  runiBatingqwtdnipedi  we 
generally  observe  to  be  much  coin])ressed 
at  its  interior  part,  and  the  anterior  i»irs  of 
ribs  are  ahnost  straight.  It  presents  that 
carinated  appearance  which  is  most  re- 
markable in  the  skeleton  of  the  giraffe,  and 
the  cavity  of  the  thorax  is  less  through- 
out tibis  order  Aan  in  most  others.  By 
the  compression  of  the  anterior  part  of 
the  thorax,  and  the  carinated  ^peai'anco 
whioh  it  there  presents,  the  anterior.  eK* 
tremiTics,  the  heads  of  the  two  AtMNcrf,  are 
allowed  to  approach  each  other  mom 
nearly,  andthostooooieniareininiediatelf 
under  the  centre  of  gravity  of  the  trunk. 
They  are  firmly  fixed  in  that  position,  not 
by  a  clavicle,  but  by  the  powcrtul  utuscles, 
and  by  the  ligaments,  and  also  by  a  out* 
tilaginoiis  substpure.  Tlieio  is  thus  no 
clavicle  in  any  ruminutuig  quatirupeds  nor 
in  the  pachytlerauu  ^e  interpositioii  of 
that  l)ono  wnidd  have  thrown  out  the 
arms  from  under  the  axis  of  the  heavy 
trunk.  The  respiratory  oi^ana  of  the 
ruminantia  are  less  exerted  and  less  re-, 
quired  than  in  the  carnivorous  quadru- 
peds, and  are  generally  but  impcr- 
raetly  developed,  and  the  thoi*acic  region 
is-  thus  eomparativel)  small ;  so  that  this 
portion  of  the  trunk  of  the  body,  whicU 
U  enclosed  by  the  ribs^  is  not  etUiiidiy  a 
thoracic  region.  Those  ribs,  exten<ling 
sometimes  to  near  the  pelvis,  protect  the 
enormously  developed  intestines,  the  length 
and  capacity  of  which  are  so  characteristic 
of  this  herbivorous  order.  Feedint?  u])on 
vegetable  substancesi,  which  contain, com-. 
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Mit  of  mttller,  they  require  to  take  a  1  ever,  a  part  wlHch  you  perceive  w  impar* 

hirge  portion  of  that  kind  of  fond,  to  rot;iin  tniit  in  crivinp  attachTnent  to  the  extensor 
H  for  a  length  ot  tiiuu  iu  the  budy,  that  oil  mnsciea  and  Mcunty  to  tjie  articulation, 
HMMBtritioussubvtance  way  have  leisure  to  I  which  is  chiefly  provided  ttmin  the  joints 
be  prepared  and  extracted  thcrefrouj.  They  of  rnminmirin,  is  of  threat  magnitude  and 
require  a  lengthened,  oapadoustlutesttnal  length.  Thus  we  observe  that-  U>e  i-adiius 
•anai^  nnnienma  oavitiaa  of  tli»  aloMftofa, !  m  disitppaarfaig'fiMB  tl»  foraaam  of  aa»- 
and  a  large  cscnin  of  the  colon.  This  rc- ,  mub,  is  gradually  lost  from  its  distal  ex- 
quires  a  large  abdomen,  which  extends  £ar  ti^emity  up^^  auls,  and  not  from  its  ])i-oxi- 


forwards  upon  the  ^rt  of  the  trunk  en- 
dosed  b^^iibs,  and  the  portion  of  the  trunk 
lor  contRTninp:  the  luTi^"»  is  but  small. 

In  the  ruminating  quadi  upeds  the  ster 
man  (fig.  SO,  y)  ia  inidi  mem  developed 
longitudinally  than  we  saw  vrstc  rdayiu  the 
cetac^  The  pieces  which  comifoae  the 
stemnniv  or  ivlucb  oonalitetetlM  (damenta 
of  that  bone,  are  here  exactly  placed  in  one 
hmgitudinal  row.  Those  |>iece8  arc  souie- 
timos  much  compresi^eiL  hat-iitiiy  j  !<eh]oru 
aompraaaad  from  before  baakwards,  as 
they  are  in  man  T>iit  t  hey  arc  placed  in  a 
diS^rant  order  with  relation  to  each  other 
Mm  'sAat  we  aaw  in  taoat  tuviiiarous 
classes  of  verte?)rata,  where  they  were 
rani^ed  around  the  eutoateniai  piece ;  here 
they  are  ranged  in  a  single  row ;  that  is 
tba  baak  positioaia  vlriA  to  place  the  elc- 
infTit"  of  the  sternum  in  the  lengthened 
cyiind  ncal  horizontal  tr  uuks  of  quadrupeds. 
Hm  scapulte  (Fig.  80,  e)  of  the  ruminating 
quadnqicds  are  remarkable  for  their  nai  - 
Myw  lengthened  form,  auvd  iior  the  stuail- 
neaa^ftlidr  posterior  or  Terlebnl  mar- 
gin.  Their  processes  are  all  very  short 
and  small,— the  coracoid  process  and 
acromion  aie  always  reniavka^  small. 
Bf  tha  lengthened  aud  narrow  form  of 
th"  .sca])Uuv  tht!  ihfrn  luid  mpra-itpinati 
niuselcs  have  greater  length,  and  n.higl^' 
fixed  point,  and  hyUnir  a«tioa  upon  the 
hnmcrns  and  their  lengthened  form,  they 
cause  that  bone  to  move  through. a  juro- 
portionaliy  greater  spaoe  ift  a  given  tuna. 
Tk&f  ttnia  give  in<:Feascd  velocity  wheii 
they  sre  actually  wrakoTfed  by  the  in- 
creased length  and  naAiuw  !>puce  ailordt^ 
tlie«  o^tliaaa  long  narvoar  am  palm  of  the 
awift-rnovinornjminatia. 

The  humerus  {Fig.  80,  /)  is  here  a 
very  abort  hone;  ao  is  tiia  tour  (/Vy. 
80,  q)  in  the  ruininatiuf^  quadrupeds, 
and  the  whole  of  the  l>ones  ot  their  ex- 
tremities are  (Usposed  in  a.  zig-vog  di- 
Mcttoa^  ta  pvavantparcaaaioaa  axtaoding 
to  the  trunk,  and  to  ^ve  a  rjreat  degree 
of  elasticity  to  the  limbs,  for  rapid  Hight. 
Tfie  radios  aad  tito  nlaa.  present  articuUi- 
tionsat  both  rxtrc^  7,  vhich  admit  of  the 
most  limited  extent  of  motian,  suul  allow  of 
no  proaatieaaail  supinalieain  eitlMr  liaads 
or  feet.  The  ulna  is  generally  fixed  or  an- 
chvlo^'cd  at  its  distal  extremity  to  the 


mal  cxt4*euuty  duwnwanls.  It  is  the 
ordinaiy  mode  of  the  disappeacance  of  tha 
parts  of  the  skclctoTi.  The  modifications 
firsfr  introduced,  and  mauUested  m>  tl»a 
graateaO  aHoirti  ara  ia  tkm  parta-nHialdia" 
tant  from  the  centre  of  the  skeleton*  or 
the  ouddle  of  the  verteliral  ooluina* 

MthO' extremity  of  the  radinawo  ok« 
mnm  i^immUy  that  the  four  usual  smalli 
carpal  bones  (A*/.  83,  a'  m  the  first- row 
Fig.  83  aud  the  four  ul  tlie  second  row 
ip.     are  generally  aaali|rlQaad'iikto  two* 
hones  which  connect  the  upi>er 
row  with  the  motaaaifMii  bones. 
(Piff.  h^,  e  i),  which  ate  rencuMrhr 
ably  lengthened.    The  metacarpal 
bones,  which  at  tirst  were  four  in 
nutuher  in  moat  of  the  ruminautia, 
disappaifv  aaoepting  the  can<m<- 
bone,  as  you  see  in  the  haiMlof  the, 
deer  [Fifr,  83|  »  b},  which  is  left 
compoaad  of  twa»p«rti(»M^  aaabyw 
loscd,  and  there   are  often  two 
small  mctacai'pal  bones  found,  one 
at  each  side  cf  tlM  great  canon^ 
hone— that  aitchyloBod  aonipoun4« 
metacarpal  or  caoon-hotie  in  the 
lorearju }  ami  you  observe  the  same 
appearance  in  the  portaribv  extrcmitieav 
also,  in  the  metntarsal  bones  of  tbe  feet^ 
which,  as  weU  afi  the  metoiearpal  bone%^ 
qpmi>tc4  ofifginaliy  of  two  entttely  aepa^^ 
rata  bawes  (AT^,  si,  a  //  i  ;  ;md  Indee<l  you 
can  see  difitiiketly  u|)on  these 
a<lult  skeletons  of  the  deei's  and 
autelopcs  before  you^  that  tiu«fr 
is  still  an  obvious  t»roove  upon 
the  anterior,  aoiil  a  deep  groove 
upon  ^  poatvioa^  paat^of  Hk^ 
canon-hones,  marking  the  ori- 
giaaji  seuAration  of  thoso  two 
hooea.  T%aaa  tw»piec«8o£the 
metacarpal  aud  metatarsal  hoaaa 
early  ancbylose,  and  their  par- 
tition is  absorl>ed.  Although 
there  afOi  lieaideatlia  canon-bones,  two 
hiteral  small  metacarpal  and  meti tarsal 
bones  ia  many  of  tbe  rununaatia,  they  are 
seldof»  pfcaarvod  ta  the  dcaletoaa,  being 
only  sk'uder  spicula?,  one  on  each  side  of 
the  canon-bones.   This  anchylosis  of  the 
Itonea  of  tiMextseaMties  has  not  proceeded 
downwards,  in  the  ruminantia,  below  the 
extremity  of  tlie  metacarpal  and  metatar- 


radius,  aud  hut  very  inipecfec^ly  deve-^sai  bomfs^  and  two  s^ics.  of  tbxee  yh&- 


Digitized  by  Google 


m 


ii»  eteh  tOfti  eonttautA  mfmtSMs  to 

the  f^round,  and  f^enerally  two  more  toes 
Qj»  aU  tbe  feet,  qu^  ou  tbo  ottter  and  one 
on  the  inner  part  of  each  foot,  are  seen,  ki 
an  imperfectly  developed  condition.  Those 
two  toes  prolonged  to  tlie  groiinu  you  ob- 
afiKVb,  both  ou  the  anterior  a^id  posterior 
eKIlttmitktt  to  ooaaiiit  each  of  tliree  pha- 
langes, which  are  attached  to  ])ulley-like 
articulations  at  the  eiLd  oi  the  caooob- 
hoacs.  In  the  MliditBgidoini  ^uadmpA^s 
this  anchylosis,  howovor,  contmues  down- 
wards through  the  feet,  beyond  the  extre- 
lyuty  of  fba  m«tBisarpal  and  metalaml 
bon^,  and  reaches  even  the  extreme 
piHnts  of  the  toes ;  so  that  we  have  in  the 
zehra,  the  quagga,  and  other  uolidunytilai 
an  appearance  of  a  single  toe  upon  their  | 
anterior  and  jjosterior  extremities.    This  | 
single  toe  we  observe,  therefore,  tp  be  I 
composed  of  the  ring  Mfer  aadr  the 
middle  fingei'  anchylosed  toircthcr,  and  i 
consisting  in  thutte  animals  o^  the  sauie 
three  andiyl<wed  phalanges  wbicli  yoHoln 
serve  datiidi^  in.  nuninating  quadrupeds. 

In  the  posterior  extremities  the  femur 
{fig.  80,  q),  as  I  have  mentioued,  is  a 
slwrtand  strong  bone,  with  a^vemarkably 
larf^e  and  elevated  trochanter  major,  the 
tibia  {Fiy.  80,  «j,  receiving  the  whole  of 
ttie  articmatihns  with.  Ihe  femuc  and  the 
astragalus,  the  rudimentary  fibula  cxist- 
iHg  only  as  a  slender  splint  bone  in  this 
order.  The  calcaneom  {Fig.  80,  /),  like 
the  acromium  of  the  i^hia,  is  very  long 
and  large,  and  is  very  prominent,  to  aid  in 
the  quick  motions  of  the  posterior  extre- 
miiiae,  aerriag  for  the  attachment  of  that 
powerful  extensor  tendon  of  the  heel  joint, 
the  tendo-aeMllia»  Tliere  arc  fewer  bones, 
genotdly,  m.IlM  tpam  {Fig.  85,  b)  in  rn- 
iniiiating  animals,  as  you  observe  in  the 
deer's  foot  {Fig.  85),  than  we  find  in  the 
— .  .  pachyderma,  or  in  any  other  orders 
rtg-  H*)  inaninialia.  There  arefifvebooM 
in  the  tarsns,  two  cuneiform  and 
a  compound,  or  cu^o-soup/ioid  bone, 
hesUes  the  asferagalaa.  and  ealea« 
ncuni.  There  is,  however,  one  more 
ii^  the  camel's  tarsus  than  in  the 
other  nnniaantia;  and  in  this  re- 
spect, as  in  many  other  parts  of  its 
skeleton,  the  camel  approaches  re- 
markably to  the  solidungulous  pa< 
chydenna.  The-  raetaiaraal  honn 
{Fig.  8(i,  c  d),  or  the  canon-bone 
of  the  posterior  extremities,  is 
fonaed  tike  ihaib  of  the  amy  bat 
propor^nally  much  more  narrow 
transversely  tiaat  of  the  arm  is 
['much  broader.  The  metatarsal 
bone  ia  articulated  below,  by  its. 
1g  two  prominent  pulley-like  articu- 
lations {Fig.  85,  e/)f  to  the  two 
first  pl^fd^ngp^  of  uiQ  two  tops  of. 


the  foot.  Those  puHey^Kke  asixcidatiMii. 

indicate  the  limite<l  variety  of  motion 
which  is  pecmilfeed  in  this  as  in.  evecy 
other  region  of  the  foot ;  the  great  soemity,  . 
at  the  same  time,  of  these  articidations, — 
flexion  and  extension,  are  very  freely  per- 
formed, but  no  rotation  which  would  en* 
feeble  the  foot  and  endanger  the  life  of 
these  anininls.    Those  articulations  are 
seen  eixteudiug^  of  the  sam^  pi^e^^lil^e 
form,  through  the  succeeding;  ybelangea^ 
the  last  tapers  to  a  point,  as  on  the  haa4|. 
and  is  covered  by  the  hoof^  From  ob» 
serving  that  the  inner  toe  on.  the  bbd. 
foot,  ajod  the  thumb  on  the  anterior  ex^, 
tremity,  are  t]]c  mcinbers  which  quickeatt 
disappear,  wc  aie  led  to  perceive,  that  the 
four  toes  which  exist  more  or  less  deve- 
loped both  before  and  behind  in  the  rumi- 
nantia,  are  anahM;oua  to  the  four  outer  or 
ulnar  fingers,  and  the  fomr  onler  or  fibtdar 
toes  of  the  foot;  and  that  when  thrre  arc 
thus  formed  on  the  outer  and  iimer  side 
very  small  rudimentary  to^  one  on  endi 
side,  and  two  larger  toes  in  ^  middle^, 
which  continue  to  the  ground  in  these 
cluven-hoofed  ruminantia,  those  two  toes, 
in  the  middle  on  the  anteHor  extreuiitiea, 
must  be  iliosc  corresponding  with  the  ring 
finger  and  the  middle  hnger  of.  the  hui;naM 
hand;  and  they  are  the  coxn^ndmg- 
toes  of  the  foot  which  reach  the  ground. 

There  is  a  great  advantage  i^  this  very 
lengthened  forni  and  subdivision  of  fall  the 
feet  in  the  ruminankiB^  and  the  zighssag, 
form  of  their  legs  serves  for  velocity  and 
ela^sticity  during  their  rapid  movements. 
What  they  lose  in  strength  by  tbia  divi-. 
sion  of  tlie  loot  into  two  toes,  they  gain 
by  th^  gre^cL'  flexibility,  and  the  greater 
extent  of  base  which  they  acquire  by  theic 
sepai^ting  a  little  froiu  each  other  during; 
l)x'0gi'cssion.  It  gives  greater  elasticity  to 
all  their  uiovciuents,  both  assisting  in  tlieir 
rapid  progressive  motion,  and  in  dituinish- 
ing  the  impulse  commnnicatod  to  tlieir 
heavy  trunks  and  tl^k  contained  viscera^ 
durhig  their  rapid  bonndinganffd  iMVinfli- 
over  rivers  and  over  rocks,  to  eacfiye  fiWBlK 
the-  huntsman  or  the  ti^. 


STIMULAKT  TEKATMBNT 

OF 

PURULBNT  OFHT-HALMIA. 


7\>  the  Editor  qf  The  Lanckt. 

Sir, — Some  time  since  you  did  me  the 
honour  to  insert  in  your  valuable  Jouraal 
a  case  or  two,  with  some  accompanying 
remarks  on  the  treatment,  of  j)urulent 
ophtiiaimia.  I  now  forward  to  you  two 
more  caiea  in  illuatnttion  of  the  atimulaa^ 
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'    MR.  WALKER  ON  THE  8TIMULAMT 


mode  of  treatment,  and  I  ho\ie  you  will 
deem  them  sufRciently  interesting  for  ])ub- 
lioation.   I  am,  Sir,  your  most  obedient 


Bye  Institution^  MhncheJbeV-^ 
Jan.  2Jrd,  1834. 


Ca8r  1. — Creorge  Jofanaoni  ctat.  27, 
Initdher,  admitted  inltf  4iw  Slbncftaiker 

Eye  Institution  July  lOlh,  1833,  was  at- 
tacked, fourteen  (lays  since,  with  pin-iform 
discliarjjc  from  the  right  eye,  the  disease 
commencing  in  the  left  on'tlie  foltowing 
day.  He  oxpcricnced  great  heat  and 
swelling,  with  considcrahlc  pain,  and  ob- 
eerveft  very  Uttle  diflTerence  in  the  ttate 
of  cither  eye  after  the  first  day  or  two. 
He  has  not  seen  anything  since  the  se- 
cohd  day  of  the  attack,  the  lids  being  so 
greatly  swollen.  He  applied  to  a  medical 
man  within  the  first  two  or  three  days, 
who  ordered  ^re  leeches  to  the  right  eye, 
a  ftmentation  of  poppies  and  camomiles, 
and  some  pnrgativt;;,  with  hrcad-and-milk 
poultices,  and  a  lotion.  This  was  all  that 
vrrta  done  for  hira  in  the  way  of  treatment. 
Tlie  jiain  was  so  violent  for  the  fu  st  week, 
as  to  prevent  sleep,  but  is  now  somewhat 
abated,  although  he  cfinnot  yet  sleep  long 
at  ft  tiiUe.  Tlie  purifonn  discharge  has 
not  been  so  copious  during  the  last  few 
days.  He  is  now  unable  to  see  any  ob- 
ject Imt  can  diicem  light.  Tliers  is  still 
considerable  swelling  of  the  palpchrrp,  ex- 
ternally: the  conjunctiva  is  extremely 
vasenlftr,  anil  is  eierated  above  the  cor- 
ne;i,  an<l  there  is  chemosis,  and  the  corneie 
of  both  eyes  an*  perfect  1 1/  opaqne  ffirongh- 
tmfy  and  of  a  nlouj^'hy  aspect.  He  thinks 
tlfat  he  caught  cold  from |  sleeping  in  a 
damp  bed  a  few  days  ]>rovious  to  the  at- 
tack, and  says  that  he  had  some  discharge 
ftiAn  fheurethfa* 

'TTns  poor  man,  after  ho  li  id  lost  the 
sight  of  both  eyes,  and  spent  all  his  money, 
WU8  tfien  sent  to  Manchester  for  further 
adVicp,  when  the  orr/mfyrn  nifraftm  was 
applied  freely  to  the  surf  ate  of  the  con- 
junctiva, and  a  soiution  of  >Snluhate  of  Cop* 
pfr  was  ordered  to  be  used  as  a  lotion, 
with  an  occasional  pnrgative. 

July  11.  Discharge  less.  Applied  the 
nHrate  twfee  to»day. 

12.  Symptoms  more  fkvourahle;  the 
pain,  swelling,  ainl  dis/hnp^e,  dinnnished: 
the  comer  oi  the  left  eye  clearer  j  can 
discern  more  light.  The  nitrate  was  ap- 
plied this  morning.  In  the  afternoon,  at 
the  redommcudation  of  Mr.  Windsor,  six 
leedhrt'  wore  applied  to  eaeb  e^-e,  and  a 
bttrtertothe  nape  of  the  nock. 

IB.  Stole  as  yest^rdav.    Rep.  Argent. 


14.  The  eonier  of  Hie  left  eye  becoming 

clearer;  he  can  now  discern  his  finger 
when  held  before  this  e)'e.  Rep.  Argent* 
Nit 

'21.  He  can  now  ,  i^ith  thortlcft  eye,  dis- 
cern |>eT8ons  moving  ardkind^im,  when  in 
a  weak  light.  The  right  eye  is  better  also ; 
he  can  dboern  light  with  it.  The  nitnte 
has  been  a])plied  every  day  to  both  eyei 
since  the  last  report.      •    *  -  .rz—^z: 

Attg^'li* '  Jlugiwulsf  tyy  improving^  f  THnfr 
eyelids  arc  still  vascular,  but  the  swelling 
has  subsided.  The  cornea  of  the  left  eye 
is  clear,  except  at  dle^ll)>{)er  {j^rt,  where  « 
fold  of  the  conjimcti\'a  has  become  aclne- 
rent,  forming  a  regular  pterygium,  which 
was  this  day  e.Tcised,  as  also  \vas  a  much 
larger  one  from  the  cornea  of  the  right 
eye.  Has  been  able  to  walk  about  the 
s  tr ects  daring  the  Icist  weeky  hi4  yifian^ 
ing  so  much  miproved. 

It  is  necdlci.^  to  detail  further  the  pro- 
gress of  this  case.  Suffice  it  t0£»y»Ahat 
at  the  end  ofiSientOnlli  He  M^ln^mffl- 
tution  with  very  fair  vision.  A  degree  of 
central  opaci'y  of  the  corneap  still  re- 
mained, but  not  more  than  ^^^ueaU/^  j 
continues  after  slight  attacKs  of  diseue  (Oi 
the  eye.  .... 

Case  2.  — '  Bland,  aged  one  month, 

was  brought  to  me  June  28,  1833.  ^lic 
infant  was  attacked  with  piu-uleut  oph- 
thalmia,  when  t^vo  or  thref^days  old.  The 
surgeon  had  ordered  leeches,  eye  lotions, 
&e.,  without  being  ablo  to  clieeic  the  pro- 
gress of  the  complaiut.   The  leit  eye,  if 
collapsed,  the  humours  havffl^i^  beiWj»?miu»r 
cuated.    The  right  eye  has  an  ulcor  of 
some  size  on  the  cQi:ueay  b^t^^j^px.^,!^  . 
inner  margin  and  the  pi|^,ia^i4,fivjiijph4 
seems  ver}-  likely  to  perforate  the  anterior 
chamber.   There  is  a  tltiukf  puritbrm  dis- 1 
charge  oonstantly  esc^ungfrom  both  i^y/^i^, 
and  the  eyelids  are  much  tumofie<l 
very  va.seular.    The  Arimt.  yifrof.  wan 
applied  to  eac'a  eye,  ujioii  tlic  ^■uLy^n(4^V{^ 
of  both  lids  touching  also,  tU&j«4Q^pftbt)  ^ 
right.    J,ofio  Capri.    Phir.  Vurgan: 

liiticharge  souicwhat.leirfi  tu^]^* 
factiottless.   Apply -'Ir^f.JSTi/*,  ,i 

July  10.  (nadual  improveroeiiteach  day. 
F(u-  the  last  two  ur  thiiCjC  days  the  infant 
has  opened  both  ej'es  in. a  moderate  lig^t. 
The  purifornt  dis.-hai^e  has  nearly jfeaijod* 
Ap|)ly  Ai  firnt.  Xit.  every  other  day. 

The  nicer  has  quite  healed,  leaviug 
soaroely  -any  opacify,  so  that  tha  right  eyo 
is  now  perfectly  soimd.  The  left  has 
ceased  to  l>e  an  object  of  attention,  hein^ 
irrecoveryily  ks^  but  qpiile  Im^  turn, 


HmarJcx. — From  the  great  want  of  swc" 
ce»8  attending  the  ordinary  treatniejU  of 
purulent  ophtliaimio,  one  wotdd  infei-  Uiat 
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LFCTURE  XXII. 
ON  THE  OSTEOLOOV  OF  PACHYDERMA. 

Thk  luxuriant  vctjetation  which  covers 
the  nakedness  of  the  dry  laud  affords  end- 
less matcfrials  for  the  development  of  tcr- 
rc«trjr'.l  quadrupc'ds  of  gigantic  size,  but, 
like  the  huge  inhabitants  of  the  deep,  they 
manifest  an  inferiority  in  the  eUboration 
of  the  higher  parts  of  their  structure. 
Their  oi^ians  of  vegetative  life  are  deve- 
loped at  the  expense  of  theur  organs  of 
rdatioa.  This  is  not  more  apparent 
among  the  ruminating  quadmpeds  we 
were  examining  yesterday,  than  in  the 
huge-bellied  pt^kyderma,  which  are  alike 
organised  for  vegetable  food,  but  have  not 
the  stomach  constructed  for  rumination. 
They  are  better  provided  with  teeth  than 
the  ruminantia,  and  masticate  their  food 
before,  not  after,  it  has  been  once  swal- 
lowed, liy  the  greater  strength  of  their 
extremities  they  are  enabled  to  masticate 
their  food  while  standing  and  while  feed- 
ing. The  ruminantia  collect  their  food 
into  ilie  paunch  while  erect  upon  thdr 
slender  legs,  but  they  masticate  if,  or  ru- 
minate, while  reclining  on  the  tnrf. 

The  pachyderuia,  thei  clurc,  though  sub- 
tisting  on  the  same  kind  of  vcgctaUe  mat- 
ter, need  no  power  of  rumination.  They 
are  altuu^t  destitute  of  horns,  but,  like  the 

No.  odO. 


hornless  ruminantia,  they  are  generally 
provided  with  canine  teeth,  and,  like  tlie 
caiiine-tootlicf]  bornlrvs  caTTifl*'",  they  have 
incisors  above  as  well  as  below.  Their 
kind  of  food  requires  great  capacity  of 
stomach  and  intestine,  great  ch}lopoi- 
etic  viscera,  and  a  large  abdcHuinal  cavity, 
for  it  contains  little  nutritious  matter 
in  a  given  bulk  of  material,  and  that  litSle 
requires  to  be  elabo»atcd  V»y  complex 
chemical  processes,  and  iaige  gland ulai- 
Organs.  Their  heavy  carcass  needs  strong 
pillars  of  support, — not  the  feeble  elastic 
limbs  possessed  by  the  nimble  ruminan^ 
tia,  for  thdr  safety  seldom  depends  upon 
their  rapidity  of  flight,  but  on  their  mas« 
sive  bulk  and  their  weight.  As  the  .sca- 
pular arch  of  mammalia  is  not  fixed,  like 
the  pelvic,  to  the  sides  of  the  vertebral 
coluiun,  the  weighty  trunk  of  the  pachy- 
dcrma  has  its  two  anterior  pillars  of  support 
brought  together  as  nearly  as  possible 
under  its  axis,  and  not  thrust  asunder  by 
the  interposition  of  clavicles  between 
them  and  the  median  plane  of  the  body. 
It  is  not  on  the  herbage  alone  of  the  plains 
and  the  vallcyy  thnt  the  pachyderma  feed, 
but  on  every  kmd  of  vegetable  matter, 
and  obtained  from  every  variety  of  situa* 
tion  ;  hence  the  great  variety  of  their 
forms  and  stnictures,  compared  with  the 
uniformity  we  saw  in  the  herbage-eating 
rumiriatm^  quadrupeds.  Indeed  their 
skeleton  and  other  parts  vary  so  mnch 
tliat  they  are  grouped  together  rather  by 
their  n^ative  non-ruminating  character 
than  by  any  positive  traits  of  structure 
which  are  common  to  the  whole.  We 
thus  find  assembled  together  in  this  group 
all  the  solipeds  or  solidungulous  quad-^ 
mpcds,  the  tapirs,  the  hogs,  the  conies, 
the  hippopotami  and  rhinod  roses,  and  the 
gigantic  proboscidian  anitiials,  the  ele- 
phants and  mastodons,  besides  many  other 
quadrupeds  whose  race  is  now  extinct. 
!  Indeed  there  is  no  subject  of  more  interest 
to  the  geologist  than  the  study  of  the  os- 
teology of  ttie  pachyderma,  from  the  in- 
numerable gigantic  remains  of  mammotht 
and  mtuioiotu,  contained  in  the  alluvial 
formations  of  al!  continents,  from  the  re- 
mains of  UugQ  r/tinoceroxes  e^ad  hip^apQiami 
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•pvnd  OTcr  Burope,  fittmi  ike  nmnerous 

palaothena  so  characteristic  of  the  era  of 
the  Paris  gypsuin  formation,  and  from  the 
ancplotheria,  lopAiodorui,  gigantic  tapirs, 
and  other  interesting  pacbyderma,  \i'hich 
have  left  their  reinnins  so  ahtindrintlv  in 
the  newer  fortnations.  By  these  extinct 
foraiB,  not  only  an  the  pacbyderma 
brought  closer  to  the  nmilUintia,  but  the 
apparently  isolated  existing  genera,  as  the 
^ephant,  are  surrounded  with  congeners, 
and  the  lOMt  tiBrinrilar  existing  fonu  arc 
ri;ule  to  pass  more  c(ra<lnally  iuto  eacli 
other.  The  soUduugulous  quadrupeds, 
VMHUff  ttn  A  biisolldalMl  nnion  of  two  toes 
into  one,  have  the  two  lateral  loes  of  the 
feet  very  irai>erfectly  developed,  and  not 
reaching  the  ground ;  but  in  the  pala;o- 
tberium,  tlie  tapir,  and  the  rhinoceros, 
these  lateml  toes  extend  with  the  middle 
toe  to  the  groujid.  The  palaeothcrium  and 
the  anoplothcrium  hare  the  eame  reniark- 
ahli-  forni  f  of  the  molar  teeth  as  the  rhino- 
ceros and  the  hyrax;  and  the  palxothe- 
Hnm  itoonneetod  with  the  pecoris  and  the 


solipeds  through  the  tapirs,  by  the  hid- 

sors  and  canine  teeth. 

From  the  skeletons  of  the  niminantia, 
the  most  natural  transition  is  to  those  of 
the  eoUdangidovs  ftoainipeds,  as  Hm  wt» 

bia,  the  <|0agt,'n,  the  horsi",  and  similar 
spedesy  which  rest  on  the  point  of  a  single 
toe  In  all  the  extremMce.  Ledlt  to  the 

lengthened  head  and  the  long  flexible  nei}k 
of  those  animals,  to  reach  the  herha;»e  of 
the  plains,  and  their  long  muscular  legs  to 
outstrip  the  winds  when  they  pniiaid 
in  their  native  wilds.  They  have  no 
paunch  to  receive  and  soften  the  food  to  a 
pulp  before  it  Is  masticated,  buttSiey  grind 
it  standing,  as  they  crop  it  from  the  turf, 
and  ]irepare  it  at  once  for  the  alimentary 
canal;  heace  the  great  magnitude  and 
length  of  their  i>rismatic  quadrangular 
molar  teeth,  and  the  extraordinary  depth 
of  their  jaws  to  receive  them,  and  to  sap- 
ply  them  inrith  the  means  of  rapid  growth, 
to  compensate  for  the  very  quielt  con- 
sumption of  their  crowns.  They  liavo  six 
incisors  {Mg.  8(>,  I)  above  and  below,  with 


I^OVed  crowm  to  Ihcir  younj;:  state,  ca- 
nine toeth  (fiff.  it)  — in  the  male  more 
constant  in  the  upper  than  in  the  lowr-r 
jaw, — and  six  long  prismatic  niular  teeth 
(Ftff.  8fi,  A)  on  eacn  side  of  each  jaw,  with 
Square  flat  crowns,  composed  of  alternate 
convoluted  layers  of  enamel  and  osyeons 
substance.  The  directhm  of  these  layers 
of  enamd  is  chiefly  longitudinal,  in  the 
jaws  of  the  runiinantia,  marking  the  late- 
ral motion  of  the  lower  jaw,  and  the  free 
lateral  motion  of  its  condyle  on  the  fiat 
nrticnlar  snrfacc  of  the  tenij-oral  hone. 
Those  crowns  of  the  molar  teeth  ncccssa- 
ffly  >neet  eadh  other,  to  hnrise  the  regeta- 
hle  fuhstrmce  on  which  tT'cy  feed.  The 
head  of  the  solidungulons  qnacln:T)eds  pre- 
'Sents  the  same  lengthened  form,  depend- 
ing on  the  same  parts  that  we  have  seen 
to  lengtl'.en  the  lic  ad  in  the  runiinantia. 
This  lengthenctl  form  of  the  head  is  dc- 
pendeht  upon  the  gfent  developihent  of 
the  hbnes  of  the  face,  for  the  cmninl  canity 
(f^ff.  8<>,#)  is  comparatively  small,  as  in  ail 
vegetable-eating  «iuadrupeds.  ItH  capa- 
city is,  to  that  of  tlie  face,  at)Out  as  one  to 
foWf  It  is  (be  reverts  of  the  proportion 


wHkh  It  lias  fn  the  hrnnatt  lieM,  fhr  fn 

man  the  tTanial  cavity  has  its  capacity  to 
that  of  the  face  as  four  to  one.  1  or  the 
re<'eptinn  nnd  the  nonri!<hinrnt  of  the  six 
l.u  :;''  iucisor  teeili  al)ove, yon  ohserve  that 
in  tiicse  solidnni^nlons  qnadriipcds  the  in- 
termaxillaiy  bones  (Fiff.  8(i,  a  6 ;  Fi//.  87, 
n  n)  are  large,  lon^,  ttnd%road.  ilic  upper 
jaw-fi.me  ^/V/.  Rf!,  r?  17)  is  also  of  greiit  ex- 
tent, arul  of  great  height.  It  possesses  an 
extensiv^e  surface,  for  the  attachment  off 
very  long  and  large  muscles  to  more  tlie 
lip3  and  the  nostrils.  It  presents  an  ex- 
tensive bed  for  the  long  quadrangular  mo- 
lar teeflir  «rA  the  pulps  that  are  ceM- 
taincd  in  this  deep  jaw,  aind  v  lii  h  re- 
quire to  grow  very  rapidly,  firom  the  quidE 
and  powerlhl  tittrition  to  which  tiMyare 
exposed  in  grindhig  tbeir  Tegetalde  Add. 
The  jticral  bone  is  of  great  length,  passtaif 
forwards  over  a  large  i>art  of  the  face,  aaot 
by  extenffinfp  backwards,  bslow  the  orbif^ 
it  snpi>nrts  tlie  very  long  zytjomatic  pro- 
cess of  the  temporal  bone,  which  here 
reaches  the  orint,  and  Ihe  cyfpmuittc  pro- 
cess of  the  frontal  bone,  which  extends 
downwards,  uniting  in  thew  fauaais  not 
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with  Uie  makuTf  but  vith  tbe  srgopiatic  1 
process  of  fhe  temipcffallKmfti  «nfl  nmning  i 
iB  cooipleto  ring  around  the  orbit,  as  we  j 
i-Bee  formed  round  the  orhit  in  the  rumi- 
zuiDXia.  Tiiti  oriiiti  you  oliSkrvo  completed  i 
rib  tilisMinelr  eiMBWtlieMimiiiumti^  by  j 
B  circle  of  bono  extending  around,  and 
frq^ctiag  ruuiarkabiy,  iu  a  transverse; 
4difWtiiiB^i:t]iii8  giving  an  extension  late- 1 
1 1  rally  to  the  orbits,  and  an  e  xtensive  field 
of  visioa  to  those  timid  and  defenceless,  ^ 
\  \mk,  xvatcbful  quadrupeds.   Close  as  thei 
•atraolurc  of  the  camel  is,  in  the  head,  and ! 
I. in  tnost  of  thc^  skeleton,  cxcej)t  in  the  e.v- ; 
!  tremities,  tu  the  solidungulou^  t^uadru- 1 
.peds,  yon  observe  that  it  difTers  consider- 1 
.ably  in  what  relates  to  the  osseous  parts 
i  surroundini?  the  orbits.    The  frontal  bone 
in  the.  solipeda  {JFig.%7yd  d)  is  of  vcryj 
it.jv!    jpvir  87       great  breadtla  and  ex-i 

tent,    extending  thus, 
.ereatly,  by  its  breadth,  | 
<tiie   dishuace  existing 
between  the  two  orbits, ' 
and  removing  the  t^'O 
eyes  to  the  most  dis- 
tant lateral  points  of 
the  head.    The  parietal 
.bones  [h'ig.  87,  h  b)  are 
remarkably  small  in  this 
large  head,  and  in  their 
smallness  they  corre- 
spood  wiUi  the  small 
development  of  tile  he- 
mispheres of  the  brain 
Kneath  them.    The  oc- 
cipital bone,  of  a  very 
thick  cancellated  struc- 
ture (i-iy.  b6,  JC\\Fig. 
a),  presents  an  ele- 
vated transverse  vidge^  for  the  attach- 
/  meat  of  the  muscles,  and  the  strong  liga- 
)iincnt3  of  the  neck.   The  ligaments  ex- 
jtend  along  the  spinous  processes,  from  the 
."ilCOipltal  bone  to  the  middle  of  the  tail, 
I f^lfing  support  to  the  head,  and  elasticity 
to  the  ¥/hote  iMck.  The  turbinated  bones, 
,  especially  the  superior  (/•<(/.  8fi,/)  on  each 
tiside,  are  oi  great  leagth  and  size  in  the 
^ieWdiingidoaa  iqaadrupcda ;  and  toibi- 
mted  portiouf  of  the  ethmoid  bone  {f^- 
86,  o)  present  an  immense  stirface  for  the 
organs  of  snaeli.    The  cribriform  plate  of 
<tibe  ethroeM  honO  preaenfes  a  large  and 
.'deep  porforatcd  cavity  ui'-n  each  side  of 
vihc  udddie  plate;  and  we  hnd,  in  this,  the 
thsberdetif  the'<d&ctory  nerve,  a  part  so 
.  large  in  the  lowest  vcrtebrata,  surrounded 
with  its  cineritions  substance,  as  in  most  of 
the  ruminantia.  The  immense  nasal  bones 
-(Ky.  87,  e  e)  here  form  a  large  portion  of 
the  face,  and  the  large  lachiyrnal  bones 
ifxtcnd  downwards  between  them  and  the 
feaaler  bonet;  thete  St  thcfefim  no  mnl 
'ffftMm  of  the  «uperipr  nadflisy  boM  , 


The  frontal  sinuses  fee  qf  fiKOi-^ 
also  am  tli»  splunflidaLrio  oe  aif%&\o^i&s\ 
The  solMungnkwia  ipiadropia^s,  likb  most 

of  the  mralnating  animals,  have  a  length- 
ened form  of  the  neck,  with  lengthened 
spuions  processes  of  the  dorsal  vertebne; 
and  thus  the  solidungulous  quadrupeds 
diifer  from  many  of  the  other  pachyderma, 
and  ore  to  be  oonpared,  in  fbese  tDipeols, 
as  in  many  others,  rather  with  the  rumi- 
nantia. They  arc  unlike  the  ordinary 
pacbyderma,  for  in  most  of  them  the  neck, 
for  the  length  of  the  head,  is  remarkably 
short.  In  the  solidungulous  quadrupeds 
the  neck  is  lengthened,  and  the  transverse 
and  spinooa  processes  df  the  cervical  ver- 
tebra" are  very  small,  so  that  that  there  is 
great  extent  of  motion  admitted  in  every 
direcdon  of  the  neck,  which  compensates 
for  the  limited  extent  of  motion  in  the  ex- 
tremities, and  allows  the  neck  and  head  to 
be  used  as  arms  and  hands  for  ordinary 
pmrposei. 

Wc  observe  in  them  the  same  carinated 
and  compressed  form  of  the  thorax  which 
we  see  ui  ruminating  animsls.  On  ac^ 
count  of  tlieir  comparative  lightness  and 
the  velocity  of  their  motion,  we  perceive 
that  the  extremities  arc  lengthened, 
slender,  zig-zag  in  their  articidations,  and 
the  pelvis  is  attached  obliquely  to  the 
sacrum,  so  that  there  is  considerable  elas- 
ticity given  by  these  oblique  articidattons. 
As  in  the  runiinantia,  the  sulidungulous 
aniuials  have  the  scapula  of  a  lengchehcd 
and  simple  form,  with  verj'  short  processes, 
and  for  the  same  reason.  They  have  no 
clavicle,  as  1  have  mentioned;  none  of  the 
pacbyderma  can  have  clavicles.  The  eigh- 
teen pairs  of  ribe  are  narroii^  and  adapted 
for  extensive  respiration.  The  humcrusand 
the  femur  are  short  bones,  but  especially 
the  former,  and  the  olecranon  of  the  ulna 
is  almost  the  only  part  of  that  bone  de- 
veloped. The  most  remarkable  parts  of 
theii'  extremities  are  the  hands  and  feet, 
which  extend  downwards  from  a  great 
height,  and  terminate  each  in  a  single  toe. 

We  observe  that  the  phalanges,  throe  in 
number  in  each  toe,  of  the  anterior  and 
posterior  extomities,  are  composed  each 
of  two  bones  anchylosed  together,  so  that 
only  one  toe  appeal's  to  touch  the  ground* 
which  is  oovernl  with  a  large  undivided 
hoof,  from  which  they  are  called  soli- 
dungvia.  The  lateral  rudimentary  bones, 
however,  irhioh  are  observed  at  the  sides 
of  the  cMMin)4»oi|e,  indicate  the  rudiments 
of  the  inner  and  outer  toes,  which  exist 
iiere  only  iu  a  very  imperfect  state,  as  in 
many  nmineiltia.  The  anchylosis  seen 
iu  the  cauon-boue  of  the  ruminantia  has 
her£  proceeded  downwards  through  the 
whole  juotflAt  of  ttie  leet., 
Thfiefi  gieM  ^isrioMl^littiM  ftitdtt 
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-^^tiSfjS*  5£i?       general  charac-  bones,  ami  projecting  straiglit  Tot^^ffti 

^bn  of  tnew^elCTMIiof  the  ordinary  pachy-  from  tlie  frontal  bones,  so  as  to  support 

derma  as  the  tapirt,  flie  hytkki  ihe  liippo-  and  protecl  the  npper  part  of  the  btoe  of 

potami,  and  the  rhinoceroses.   The  tapirs  '  the  proboscis.   The  lachr>Tnal  (Fir/.  ^S,  J) 

are  almost  isolated  from  all  other  existing  and  the  jugal  bones  (Pio.  88,  o  j  arc  of 

fcsrmt  of  patthfdentm;  l>ut  firiwn  \lki  hn-!  great  rise,  thd  forifaei»  bofeiffing  tfie^irtlR 

inensc  number  of  bones  closely  allied  to  in  front,  and  the  latter  beltiw,  bnt1rhe  6rble 

JJo^  of  this  animal,  which  are  found  in  a  has  no  osseous  ni  m  pjin  behind,  b^fnt*  qln^ 

JOMH  toite,  it  appears, like th«  elephant,  to  '  continuous  vi  ith  the  temporal  fossa.  The 

be  a  remnant  of  a  great  family  of  quad- '  caiiioeteeth,pr^seiit both  abOVekiidbilb^, 

rupeds  now  almost  extinct.    The  general  arc  verv  small,  especially  in  the  iippcr 

ma  of  the  body,  and  the  linng  habits  of  jaws  (f'ly.  88,  /)>  there  are  sLx  incisors 

tte  tapirs,  are  nearly  allied  to  those  of  «he  {above,  afad  the  same  ttiiifflMI»bWw.''TlM»tf 

hogs  and  the  pecarics  ;  and  the  j^cncral  is  a  considerable  vacant  sj)acc  between  the 

of  the  skeleten,  especially  of  the  ex-  >  canine  and  the  molar  teeth,  wlni  h  arte 

tremraes,  resemUee  tbat'  of  these  more  seven  on  each  siilc  above,  and  six  on  c  ach 

common  species.    But  in  the  form  of  the  side  of  the  lower  jaw.   The  ifitflar  teeth 

head,  and  in  the  muscular  long  proboscis  '  of  the  tapirs  are  remarkable  for  their 

yhidlit  supports,  it  has  no  parallel.  The  transverse,  sharp,  wedge-shaped  ridges  in 
1.-^.1    i_   ,    ,     ,  -  .'t  ^  i 


Iwad  is  comparatively  large,  and  re- 
markable for  its  elevation  in  the  region  of 
the  frontal  bones  (i-iy.  88,  /),  and  the 
great  vacant  space  between  the  nasal 


their  young  O^lifiilMi  llaie.  ' 

The  limited  motion  and  the  strength  6T 
the  neck  are  seen  in  the  masjnitiKlc  oi  all 
the  processes  tninsf<r^irse  and  spinous  of 


?)ones  (Fiff.  88,  ff)  and  the  very  short  and  '  the  cerv-ical  vertcbr;e,  and  the  wlidle 
b^d  intermaxillaries  {Fig.  88,  u).  The  '  the  dorsal  and  lumbar  vertebrae  have  l^if^ 
C^^Iwl  bone  (Fiff.  88,  d)  rises  high  upon  spinous  processes  terminating  in  rounded 
fhe  cfanran^  as  in  the  babyrussa  and  Hie  i  tal>erc1e».  Hie  saciroifi'is  Itotag,  consisting 
pecan,  but  is  not  f elevated  into  so  acute  of  about  seven  vertcbnc,  and  the!  sat  r  i- 
*  transverse  occipital  ridge,  because  the  iliac  articulation  is  very  obUque,  The 

thorax  it  reiy  liariW  and  ^itaM^miii 
front,  and  the  elements  olP  the  stiertiuiti  kMf 
much  compressed  laterally,  arid  give  a  re- 
markably cun'cd  form  to  the  breast  of  the 
living  animals  by  their  8tid(|feMy'ar6hliig 
npwards  to  the  nock.    The  ?ca])nl;e  bare 
a  rounded  vertebral  margin,  and  their 
spinotts  process  is  sMdehljf^cSilHM  'hit^^ 
wards  at  its  middle.    The  iilrta  and  the 
fibula   arc   develoju'd   throut;hont  their 
whole  extent,  but  admit  of  no  pronation 
or  supination  in  either,"  extremity.  There 
are  four  toes  on  the  anterior  and  three 
;on  the  posterior  extremities,  with  lai^ 
Itermhial  phalanges  of  a  cresei^Hc'ibnQ, 
and  irmeb  extended  transversely,  like  th^ 
j  termiual  phalanges  of  the  rhinoceros,  ot 
I  a  miniature  of  the  lai^  terminal  phalanx 
aoitnls  here  arc  more  long,  soft,  and  of  the  solidungula.  "I**  ' 

flexible,  and  arc  not  employed  for  dig-  The  frontal  sinuses  arc  in  the  bavnissw 
ging  as  in  the  hog  tribe,  which  requires  in  and  the  hog  tribe  enormously  developed, 
these  animals  more  muscular  strength  in  j  and  the  cdte,  in  fact;  separate  tbfe  biit^ 
the  back  part  of  the  head  and  neck,  and  a  from  the  iimer  tables  of  the  skidl  over  thb' 
jnore  elevated  occipital  ridge.  The  tem-  j  upper  and  greater  part  of  the  head.  "We 
niral  fossa  is  large,  and  the  two  parietal  see  in;  those  animals,  in  a  lesser  extent, 
bones  {Fig.  88,  i)  have  thence  a  com-  what  is  so  extensive  and  reraarkaMlf  in  the 
l^msed  form  aTOroachm^  to  their  cha-  skull  of  the  elephant— the  cancellated 
^     in  camtvorous  annuals,  from  the  i  structure  or  the  diploc  of  the  anchyiosed 


ice  which  the  teeth  have  to  over- 1  cranial  bones  covering  the  brain.  Tbc 

come  and  the  consequent  magnitude  of  the  anterior  part  of  the  carttla.L^nnous  septum 
temporal  muscles.  The  most  peculiar  of  the  nostrils  is  ossified,  and  you  obsen  e 
featw«  m  the  face  of  the  Jipir,  especially ,  in  this  bog,  presenting  ttie  meartr  of  sup 
in  the  Indian  species  (F/y.  88),  is  the  porting  the  dense  callous  extrcmitv  of  the 
short,  broad,  based,  tapering,  heat  t-shapcd  nose  so  useful  in  digging.  We  find  that 
WmI  bones  {Fig.  88,  jrj,  articulated  by  a  in  like  maimer  the  septum  of  the  nostrih 
ircry  fhoit  iwnl  suture  to  the  frontal^  of  the  Ibaril  lUnocerot  Si  oMM  atte 
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back  as  the  vomer  itself,  which  must  have 
givefi;A4fR  ^^^4  PQwerfiil  support  in  that 
i^cttpjql  f^mal  .to  the  large  honM  placed 
at  a  distance  asunder,  because  it  had  the 
It^a^^m^clvino^&ieiigU^aed  than  the  ex- 
ifftifig  V/M>uicci^>  U  had  the  means  there 
q^i  jtiyiiglly,  si4)DortLng  the  anterior  horn 
•with  its  arch,  which  was  placed  above  the 
boues.  la  the  cxistiut^  rliinoceros, 
i^ff^  the  known  species  of  the  geuus,  the 
imatiim  \^  of  a  cartilaginous  texture. 
.7Wc;.ob^j:v^  agsui;^,that.ia  the»a  skele- 
totofl  iof ,  \mii^.  tho  '  nedc  i«  short 
and  •(ipng  tor  olgging*  the  spinoiu  pro- 
cesses of  considerable  length;  the  spinous 
urqccsiicS;  of  the  dorsal  vertebra  much 
Wgthenedt  and  of  considerable  strength 
for  the  support  and  motion  of  the  he&vy 
and  ppwerfu^  head*  The  neck  requires 
here  to  be  sborti  the  spinous  processes 
of  the  dorsal  vertebnc  require  to  be  strong, 
not  merely  on  account  of  the  weight  of 
the  head,  but  on  account  of  the  resistance 
the  fmlfiiA^  ^^^^  overoome  in  o))taining 
its  foou,  in  digging  the  groinid,  in  search- 
ing.j^.  rpots,  and  for  similar  purposes. 
In,^e0e  animals  you  see  a  large  portion 
oi  the  trunk  covered  by  ribs,  wliich  pre- 
sent, by  their  considerable  expansion 
transve»ely,  a  large  thoracic  cavity.  Tlie 
pelvis  is  directed  more  obliquely  down- 
wards from  the  sides  of  the  sacnim  in 
the«e  heavy-trunked  auiniala,  than  we 
saw  it  in  die  light  and  nimble  deers  and 
antelopes.  In  ])laoe  of  the  lengthened 
narrow  form  of  the  scajpula  and  the  small 
spinous  process  we  saw  m  nuninantia  and 
•olidungula,  we  obsenro  that  it  is  much 
broader,  and  the  spinous  process  is  of 
great  size  and  of  a  curved  form,  bending 
biic|hwd%  so  as  to  glre  an  extensive  sur- 
fto^iWf  muscular  attacluuents,  and  a  se- 
cnnB  pofritjpn  to  the  ityra-tpimti  muscles. 

The  anterior  and  the  posterior  extremi- 
tieaarethe  parts  of  the  skclctun  which,  m 
these  ordinary  i)achydernia,  diflVr  most 
from  those  of  the  rumiiuitmg  quadrupeds, 
especially  in  the  great  development  of  the 
outer  and  the  inner  toes,  so  that  four  toes 
at.^pait  h^e  gem^fally  reach  Uie  ground. 
The  metacw^  And  ttie  metatarsu  Ibones 
SCeiQIlph  shortened,  and  present  a  very 
different  appearance  from  the  correspond- 
ing lengthened  canon-bones  of  ruminating 
qua'Irupods.  The  radius  and  ulna,  the 
tibia  and  the  fibula, are  developed  through- 
out, their  wliole  length,  and  admit,  of  as 
littfP  motion  aa  in  ue  tapirs.  Tfaie  feet 
■re  shortened  and  strengthened  in  the 
hog  tribe,  both  to  give  a  stronger  support 
to  their  trunk,  and  to  assist  them  in  dig- 
ging for  the  succulent  roots  of  plants. 
The  great  development  and  the  singulai- 
direction  taken  by  the  canine  teeth  in 
moet  of  Ihfiw  anunids,  especially  in  the 


m 

babyrxissfB  and  the  phMOcAisruSt  or  -Ethio- 
pian hog,  are  probabiy  also  related  mor^ 
to  tbeit  pce^enpile  ines  than  to  their  di- 

viding  the  food,  or  their  defending  the  ani- 
mals from  danger  i  they  servo  to  hook  and 
tear  up  the  brusn  wood  a|id  plants  by  the 
roots,  and  may  defend  the  face  and  eyea 
from  the  thorns.  The  molar  teeth  of  this 
Ethiopian  hog  consists  of  cylinders  of 
enamel  filled  with  osseous  subatance,  ami 
united  together  externally  by  a  crusia pe- 
irosa,  as  in  the  tei^th  of  the  capybara  and, 
the  elephant,  and  they  advance  team  be- 
hind  fon^'ard  in  the  jaws  as  in  these  ani- 
mals. In  the  babyrussa?  the  superior  ca- 
nine teeth  grow  directly  outwards  froui 
their  sockets  as  other  teeth,  but  the  al« 
veolar  portions  of  the  jaw  which  contains 
them  are  bent  upwards  themselves,  as  if 
by  the  contact  and  pressure  of  the  inferior 
canines  from  a  very  early  period. 

The  massive  skeleton  of  the  ponderous 
hippopotamus  is  constructed  for  a  semi* 
aquatus  life.  Feeding  on  the  aneculent 
plants  and  roots  which  cover  the  muddy 
banks,  or  the  bottom  of  the  great  rivers  ^ 
Africa,  thii  animal  is  organised  to  oonr 
sume  and  to  digest  great  quantities  of 
vegetable  matter,  to  wade  or  to  walk  014. 
the  laud  or  in  the  water,  and  to  resist  tho 
force  of  the  current  by  its  ponderous  hul]c» 
by  its  smooth,  dense,  and  naked  surface, 
and  by  its  muscular  strength.  Its  teeth 
are  like  a  harrow  to  iear  tp  and  wash  the 
roots,  and  its  capacious  stomach  is  divided 
almost  like  that  of  a  ruminating  (juad- 
ruped.  Its  massive  bones  in  every  pait 
seem  like  a  load  to  anchor  it  to  the  bot' 
torn,  while  the  rapid  stream  rolls  over  it. 
Its  huge  and  ponderous  head,  heaviest 
at  ita  diatal  extremity,  could  not  ;  {(Bag 
suspended  fktm  to  long  a  ritok,  weii^  at* 
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weight  not  suppoitcd  during  half  thd  ani- 
vtiiva  life,  by  tm  Anne  lA«taneut  ;%iiere  ^ 
ac^ka  its  food.  Its  enormous  teeth  n^Mein 
G<jtlfu8ion  from  the  tnd  of  this  e'xpahdcd 
inuzzlc,  to  grasp  at  once  wlinlc  bushes  for 
tHc  mAintenancfe  of  so  large  a  carcase. 
See  how  diminutive  is  tbe  cinnial  cavity 
of  this  animal  compared  with  the  magni- 
tiUlB  of  its  fiuie.  Fe«bl6'  in  Ihti^ect  ta 
O0ier  hcrbivoDrbdil  ijua^drupeds,  an(!  pon- 
dornna  in  Indlc,  it  has  the  muscular  force 
ajul  the  ferocity  of  one  of  the  carnivora. 

The  incisor  and  canine  teeth,  which  you 
observe  (F/y.  81),  on)  in  this  specimen,  arc 
pl&ced  so  irregularly  in  the  intermaxillary 
D^es,  iini  Ih  the  antbrlor  pftitof  theiippor 
and  lower  jaws,  althouf^h  apparently  ar- 
ranged without  any  regard  to  sjTmmctrj'  or 
to  beauty,  yet  when  we  perceive  the  uses  to 
^hidh  they  are  applied,  we  discover  here, 
as  in  every  similar  piece  of  stnicture,  that 
there  is  a  beauty  in  the  apparent  deform- 
itjr.  There  is  the  hesaty  of  adaptation. 
It  is  a  beauty  at  the  perception  of  which 
w(!  arrive  only  by  study  and  by  obsen  a- 
tton,  and  which  does  not  at  once  strike 
th^  eye  like  those  impressrons  which  we 
rfe'c^lvc  from  colours  or  from  tn^reftd  pro- 
^ditioni.  These  teeth  arc  instruments  of 
extraordinary  density  and  strength,  by 
wliich  the  branches  and  roots  of  plants 
ai'e  seized  in  largo  quantities,  torn  from 
tKeir  at^hments,  and  wh^  are  'thus 
1;ield  exposed,  as  in  a  sieve^  until  they 
arc  washed  from  all  the  earth  and  mud 
which  may  chance  to  cover  them.  No 
disuosltibti  of  the  teeth  conld,  thertfore, 
hb  Blotter  adapted  for  this  puq)09c  than 
just  this  heterogeneous  and  confused  ar- 
/&ngeitiient'ivhich  ^  see  in  the  head  of  the 
hippopotamus.  The  four  inferior  straight 
inci-oi  s  project  almost  right  wit  from  the 
lower  jaw,  while  the  four  curved  superior 
inclaors  have  differiiKk  degrees  of  obliquity 
49iwiiwards,  as  you  see  from  these  very 
kirge,  though  short,  iutermaxiliary  boues 
(F^;  89v  iV)*  The  two  suporior  canine 
teeth  are  very  short,  straight,  and  directed 
forwards;  those  of  the  lower  jaw  are  of 
great  length,  deeply  grooved  longitudi- 
^lally,  sharfMNMd  by  an  oUiqae  attrition 
against  the  lipper,  and  curved  njiwards  and 
outwards.  These  cauiue  teeth  grow  very  ra- 
pidly, and  are,  conse^^uenlly,  of  fcreat  length 
within  their  alveoli,  from  their  rapidly 
wearing  by  rubbing  one  on  the  other.  Thoy 
IffSllbOTp  "totting  inslnniNints,  kept  sharp 
liy  the  constant  attrition  of  one  on  tlie 
cither,  so  that  they  serve  to  cut  the  totit'h 
parts  of  the  plants,  such  ])arts  as  require 
wT^'^t,  while  tlie  incisor  teeth  serve 
as  instruments  for  tearin'^  the  !)iatK-lics 
and  roots  entire  from  their  h.ved  situations. 
Itih'  UQiar  teeth  ( F>y.  8ir,  /),  se^  above 
and  tlx  belowt  present  elevated  Kionical 


tubercles  on  their  broad  crowns.  Those 
tubercles  meet  ttich  bthcT,  b«f  iLTfi  MM 
mnch  worn  down.    They  lire  '6bt§6oiily- 
not  oni]i1fiyerl    ?n    that   cor^tlntKHl  atid' 
poworlul  attrition  which  wc  see  the  n>eiar 
teeth  of  ruminating  quadrupeds  suliJe^Mi* 
to,  nor  for  that  kind  of  grinflint;  action 
which  we  see  in  the  soUdnngulouv  pacbji* 
dei«a;  init  then'  bmai  nsaimsiUated 
crowns,  which  We  see  in  the.  n>oIar  teeth, 
of  the  htppopotamns,  are  tho  I)e5tt  a(lapted\ 
for  the  compression  and  briu&iug  which 
the  succulent  plants  rtqidM-.tkal  ithin 
animals  use  for  food.  i 

j    No  ivory  in  comttiorrc  equals  in  valn^ 
I  that  of  the  canine  teeth  of  the  hipponota-' 
mus,  from  the  deiislty  aVid  tem^cntMil  dt 
I  its  texture,  the  beautiful  white  colonr 
which  it  possesses,  and  for  the  length  of 
'time  during  which  it  preserves  this  colour. 
I  Like  most  other  teeth  jjresenting'a  ^tVi^ 
>  form,  wc  find  thfit  the  inner  ot*  concnv^ 
j  surface  is  almost  destitute  of  enamel,  and 
■  upon  carrying  a  sharp  inMiruitieM  nMrtiA 
the  surface  of  the  tooth,  ytni  rah  "know," 
j  by  attention  to  the  feeling  of  resi^^iauce 
jor  of  yielding  you  obtain  through  ibb. 
hand,  when  you  have  come  upon  the  dehsej' 
resisting,  enamelled  snrface,  and  vTieh. 
j  you  have  left  the  enamelled  snrface  tO 
I  come  upon  the  softer,  yieIdih^,-osi£bM 
substance.    TIic  sharp  instrumOn*t  Slides, 


as  over  polished  gla,:^  when  upon,lihf$.qn- 
amelled  parts  of  all  such  teetn,  %nl  whep^ 

you  come  to  the  osseous  part  you  fiud'jt 
scratch  a  little  that  softer  te.xture,  and  no 
longer  &lide  bmoothly.over  the  i|i^yicldlug 

,  V..' 

The  fhce  Of  the  hippopotamd<«i»^<iM«i* 

mously  developed,  from  the  orbitiitothe 
end  of  the  nmzzle.  This  developnienfr 
you  observe  to  depend  chiefly  on  'Meett'^ 
pandcd  and  thick  fntenuttXilUa^  kHStm 
(Fig.  89,  X),  thcgr<?ftt  length  and  mh|»tlf^ 
tude  of  the  upper  jaw'bon^,  whibh  are 
remai^ttbly  <!0mpre4seSd  liittd '  i^hT««fW  411 
the  middle  ;  the  j^n  at  inai^ntude  and^H*/ 
tension  fbr>^'ards  of  the  mttbir  bones 
89,  ^) .  Ahhost'tfre  xi^httle-bf m  4«eliv^M 
bone  (Hg.  89,  0  is'h^*r«W^ht  ont  froihn 
the  orbit  to  form  a  y>artf  of  'ihe  longthOned 
face,  the  orbits  being  remarkably  small, 
m  HasAl  bdneft  *)  *i«)ef  grsat 

extent,  and  nt  their  tipper  part  Wnpand  t» 
a  considerable  breadth.  The  frontal  benes 
(Fig.  89,/)  afetfxtcirtfed  twtiw»criiii1irto% 
great  distance,  and  arc  i^markably  el*- 
vatcd  at  their  lateral  ]>arts  {Fif.  89,/),  tt> 
i;i\'c  rise  to  the  peculiar  prominence  and 
elevation  of  the  orbits  4n  HiMt'  aH/bHUL 
The  parietal  bones  (/'»/.  89,  nreremftrk* 
ably  small,  compressed,  ardied,  anchj^* 


losed,  and  enclonng'ft  Vciry'ttMlI 
cavity  ilrirw  lin«6  a  hMri  and  lo'liMltMi 
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cari^ns^-   ThiO  pocipiuU  t)one  (Fig.  69,  a  b)  I 
ritm  ]|Wl}?«iUcul^1y  u^warijls,  and  pre- 
scipibim  «lev^4  tratuverse  ridg^  for  the  i 
aitauchiueat  o(the  powe  rful  muscles  of  the 
neck,  V'iw^  «Al/10pi't        D4QV6  AO  a  j 

"The  maernitude  of  th«  malar  bone  {Fig.  \ 
99i     Wliich  wc  here  see  hi  Ibe  hippopo-  | 
tAtnttfl,  nnd  which  wo  have  seen  already  | 
80  remarkable  in  the  herbivorous  cetacea  I 
Al^/'Trfr,  f)';  vm%m  contrMtod  ^tiMn  the  i 
blowlnt^  cetacfA  (Fif/-  7fi,  f\  indicates  thoi 
vigorous  inuttcles  of  mastication'^  the  mas-  j 
seter  mnacles— passing  ftom      to  the 
euonnoiMi  lower  jaw  of  all  these  animals.  I 
It  is  on  account  of  their  tough  vegetable  s 
food  that  we  obhuji-vu  the  malar  bone  so  j 
BNieh  dei>«l0|ked  ia  this  animal,  and  so  ; 
singular  a  difference  in  this  bone  between 
thf^  iierbivprous  auU  tb^  blowing  cetacea. 
'Rten  is  a  large  and  wide  space  here  for 
the  temporal  muscles,  and  a  great  surface 
lit.lf)w  on  the  expaitdod  and  ar<'hcd  angle  ' 
UtjJyie  lower  jaw  (Fig.H%  in),  for  tlio  at-  ! 
taofa<neM  And  ]Nrofeectioa  of  the  temporal  ■ 
and,  the  ma«seter  muscles,  and  the  ex-  j 
M^od  fprm  of  the  jaws  both  above  and 
l^bpr  aibrdi  ample  space  ibr  ttie  large 
p^'omineat  lips  of  the  hippopotanms.  The  | 
condyle  of  the  lower  jaw  and  tbe  glenoid 
cavit^  are  direct&d  .transvei'sely,  and  the 
ommoiA^WMftk  very  sfaoit 

'*th&  great  "length  and  magnltoAe  ef  the 
i|6i^t)s  aiid  transverse  ])rocesses  of  the 
ccrVlcal  vortebraj  show  the  strength  and 
immobility  d£  the  neck,  and  %  anitablc 
provision  for  the  great  weight  of  the  head. 
The  vertebr-iC  are  massive  in  their  form 
t^OONgbput  the  .w)io^e  column,  and  the 
lll0!>^ipi.-oeiitaiiia'inore  vertebrae  than  in 
alp)P^t  any  other  mammalia.  The  spinous 
pi^occaEses  of  tlie  doipsal  vcvtobva:  uic  ol^ 
gijIAt  leog^U  StK^iitii,  and  they  ter- ; 
milMlff.  l>"B^  tu^N^ccles;  thcoe  procc^sbc^ 
continue  birge  and  strong  along  the  Imn- 
]ffy  jL^ti  j^^'ial  vcilchiie.  From  the 
iqiflflttiy*Vr  I  extent  of  the  ribo  the 
\\}tnlc  trunk  sceius  ^ibieldcd  in  solid  hone, 
a94  whfiffiiAm  ter|n4VMU,e,.tUe  t1-4iii.vcr.se 
Mroces6es9t,tlvo  In ii^b^* .  vertebite  e.xtciul 
£|^ly  M>  a  great  djfj^anc^.  The  pelvis 
in  pf  iuinsual  kuBth,  and  attaebexl  cb- 
Jiiju^y  ,to  the  column,  the  vtvigbt  of  tbe 
Iwdy  being  greatly  relieved  vg^u  the  legs 
by  the  density  of  till!  clement  in  which  it 
^^ivtcb  i  cid^las>  T^^e  rouii(^^d  iliac  bones 
e«|j^ivl  suddenly  outwards/  or  laterally, 
%jpni  ^h,e  sacj'o-iiia'.:  articulation,  and  the 
tttljerosiiies  of  tbe  i&chia  ui'C  exteiidedaud 
fjWVVPd  upwaids.  The  nuraei-ous  vciie- 
lwa)>  iPOUiii^si/ig  .the  sai-i  am  c  orrcspoud 
with  tiie  gi-eat  length  a-.  l  ibliiiuity  of 
yj^jj4^v.is,  protecting  it  bciiaid  or  above, 
ttijfQuVlwiHt  iu  ».Uo^e  cxtenl;.    Sho  sea- 


pida  is  large,  broad,  massive  iu  its  form, 
with  an  elevated  recurved  spine,  and  with 
prominent  ooraooid  and  juanmiion  pro* 
cesses.  The  oxtremitics  arc  so  short  that 
the  long  tnink  of  the  animal  almost 
touches  the  ground*  The  huiiierus  and 
the  femur  arii  proportionally  lengthened 
and  strong  hemes,  and  compose  a  great 
part  of  th^  ^xtremi(^^|f,  as  in  m^iiy  other 
massive  fbrms  of  the  akeletop,  where  the 
hands  and  feet  arc  generally  short  and 
truncated,  iti  order  to  sustjxin  more  safely 
the  weight  of  the  heavy  body  when  tbe 
animal  is  on  tiptoe  in  progressive  moHcm. 
In  the  extremities  or  the  hijipopotaniu^ 
there  are  both  strength  of  boues  and  ex- 
tent of  motion.  The  radittt  dnd  ffM  'idpa 
are  remarkcble  fnr  their  shortness  and 
thiclcuess,  especiaUy  the  radius ;  and  t^he 
olecranon  is  very  massive  and  limited  in. 
extent  The  eig^t  hcmea  of  the  carpus 
are  disposed  in  two  rows,  and  the  four  di- 
vergiiig  fingers  of  the  band  havo  the' 
metacarpal  btmm  rather  longer  than 
whole  three  ])halanges  of  each  finger. 
Xiie  terminal  uhaianx  of  each  finger  and 
toe  is  here  only  a  small  rough  hoius,  with** 
out  any  of  the  lateral  extension  which  is 
so  remarkable  in  the  rhinoceros  and  the 
tapir.  The  tibbi  and  tbe  fibula  ^re  wide 
apart,  and  the  fibula  is  renwrlcAhlf  slsii^ 
der.  The  feet,  like  the  hands,  possess  great 
strength  and  de.vibility,  the  tarsus  is  pro- 
poitionally  long,  and  tbe  calcaneilm  pro-. 
jects  far  backwards.  The  proportion  of 
the  metatarsal  bones  to  the  whole  three 
phalanges  of  each  of  tbe  four  toes  is  the 
sanu:  a;^  in  the  corresponding  bones  dfdiB 
hands.  The  short,  flat,  elastic,  and  trun- 
cated feet  of  the  hippopotamus,  like  tbe 
dub  feet  of  the  elephant,  have  tbe  best 
form  for  walking  on  a  soft  surface,  or  for 
being  easily  withdrawn  froiu  the  mud 
white  wading  in  quest  of  food. 

l'i:(-po!iKU  Ckmis  Tetbacaulodun."  —  l)f. 
Isii.ic  U  jyt,  of  l*hii.itlclphia,  haa  Ju.sr  )iabli«he«),  ia 
ihe'iVanMctionsvf  Uiv  Arairic-ui  Piiilos'iphiral 
ck>ty,«n  daburaie  meiuuir  ou  the  ruti>U  buiies  of  tha 
uiaatodKO  and  iKtraamkNlaa  Hie  lute  ProAriMir 
Ontlmati,  ■  stiort  tune  belbn  his  death,  faniiiliMl  a 
(lc.<ri-i|tlion  m'  !<onic  UdmU  boiic.^,  which,  fmiu  th* 
prcwitcc  *if  tii!«k,s  ill  tlie  lowei-  jaw,  \\c  \\m\Kve(i  10 
iii.iAt;  Uie  lv|)L-  «>t'  a  ituw  i^fiiirs,  uiidci'  iln.'  tiiK-  of 
"  ti-ti;ic.iti!iiifi.ii."  b<iiu«.'  iiatiiralisl'i,  h<>«tvcr,  sug- 
■j^t'sud  th;ii  liu-.'.t.-  lower  uis'inh  whv  iiu-rely  tli»;  niilk- 
u*cili  of  llie  yciiin^  itiMhtixluu,  ^\lu^il  t'iill  uiit  an  the 
auuual  juuvka  (Udei.  Dr.  Hay»  bas  tujidc  a  carerul 
cvuiiihiatiiia  and  conipuriMui  or.aU  \|be  •pcciniens 
u  liii-li  have  brcii  as  yet  colicviod,  tftlh  r^'tstiir  lo  re- 
fute thi*  upijiiuiu  Mr'c  iMve  hud  fa  vp|.(Miuaity  of 
«!,\ainiaiu|;  tlie  6110  eu^iou  of  euts  odoii^f:  la 
ihc  Atiivrican  l*hilu.<o^»!i;ca!  Sitclety,  anil  feel  <euar 
vlfto-d  iif  tlie  convctiu  SI  oi  Tl>c<>piiiHin  ctiDAmied  ly 
I>r.  Hays.  As  any  r.iii-  <.uly  qii(  --fiini  thai  BOW 
riuii.iiii.<  to  be  !<cti>.e  Uu'  ^I'ati.N  ittiafauhtdOM 

i.->  •Ki.iiiiiv.d,  h  iU^i  <ii i-iii.tl  y  Migt;«.-.iiil  hy  Mr.Titiiiu 
i'r.ilf,  ili.U  till- Iduin'  ut.  h.>  iiiiv  hi-  a  nine  s«.'\ual 
(linen  u»W.    L'nfortiiliati'ij  ,      inoaiit  rxii-t  «il  <l«  ci«l- 
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SIR  CHARLES  BELL,  K.G.H^  F.R.S. 

LECTURE  IV. 

BprnLr-^TIe  p>-oo/  Jt  affords  of  emliimttl 
Gkttjfe    in  ike  Animal  Frame.  —  Its 

f^rnwth;  Vascularity:  Sensibility ;  Per- 
manency (if  Shape;   Morbid  Jncreaite  ; 
.  Mtpro^beikm,'    and  lAabUitg  to^  md 
mme  J^fleett  of  Disease, 
Ts  the  three  lectures   of  this  course 
which  I  have  alrea(iy  delivered,  I  endea- 
voured  to  explain  the  comparative  ana* 
tomy  of  the  skeleton  of  animals,  and  you 
will  now,  I  trust,  conceive  it  natural  that, 
IbOowfng  that  ezaaiple,  we  should  look 
more  particularly  at  the  human  skeleton. 

One  rfinnot  hut  be  surprised  to  find, 
tliatthe  parts  which  seem  so  solid,  so  per- 
nmtent — the  bones — should  aiford  us  the 
only  proof  of  the  continual  changing  of 
the  body.  Is  it  not  suiitrislng,  when  you 
flee  that  the  bones  of  skeletons  afford  evi> 
dence  of  the  particular  forms  and  classifi- 
cations of  animals, — when  you  sec  that 
these  hones  prove,  as  it  were,  the  chuigcs 
that  the  world  itMlf  has  undergoiie,«-to 
find — as  the  preparations  before  )  ou  ai  c 
intended  to  show — that  that  solid  texture 
of  tile  animal  hody>  bone,  is  changing  con- 
tinually,  and  undergoing  a  i)rocc.s.s  of  se- 
cretion and  absorption  ?  And  how  strange, 
too,  it  it  to  find,  that  parts  so  solid,  and, 
as  you  would  suppose,  the  most  inaniraate 
portions  of  the  body,  present  us  with  the 
very  proof  we  wanted  of  perpetual  change 
going  on  in  the  animal  body. 

I  have,  then,  you  sec,  accordinc:  to  a 
plan  which  I  conceived  would  he  the  most 
ai^reeable  to  you,  brought  ,'you  to  another 
^viston  of  the  preparations  in  the  gallery 
— preparationf  which  exhibit  the  mode  of 
the  formatiua  ul  bouc,  the  vascularity  oi 
bone,  the  absorption  of  bone  ;  which  give, 
in  short,  proof  that  the  l>onc3  arc  alive, 
and  subject  to  all  the  changes  of  the  na- 
tural body.  I  eaanot  pass  over  this  de> 
partment,  and  yet  I  know  full  well,  on 
looking  around  me,  that  i  must  not  sub- 


taught  you  them ;  and  1  only  h<?g  ycm  to 
recollect  that  they  were  enabled  to  teach 
you  those  things  by  meant  of  the  prepa* 
rations  before  you,— by  means  of  the  ex- 
ample and  laboun  of  Mr.  UuKTBB*  who 
preceded  tliem. 

It  must,  therefore,  be  iutemting  to  yo« 
to  know  that  Mr.  Hunter  not  only  hat 
done  so  much  in  furnishing  you  with  the 
principles  of  your  science,  bat  that  he  wat 
the  very  prinLijuil  person  who  gave  a 
character  to  England  for  possessing  a 
kuowicdge  of  the  art  of  anatomy.  There 
it  nothing  more  remarkalde  than  the 
beauty  of  these  preparations,  andalthnngh 
we  might  be  desii'ous  to  have  some  of 
them  renewed,  yet  you  wUl  be  pleased  to 
think  that  those  wc  have  are  actually  firom 
the  hands  ot  Mr.  Uuntkb  himself. 

My  first  object  now  will  be  to  nako 
manifiett  to  you  the  vascularity  of  the 
bones;  and  we  must  here  do  justice  to 
another  great  physiologist,  Haller.  We 
undertland  finxn  theie  preparations^  that 
before  the  bone  is  completed,  there  is  a 
substance  formed,  of  cartilage,  to  support 
the  texture  of       frame,  and  to  tupport 
such  action  as  belongs  to  the  embryo  of 
the  fffitus;  hut  presently  bone  is  to  be 
secreted,  and  then  a  curious  appearance 
is  presented.  Bone  presents  several  dif- 
ferent zone?,  as  Haller  deacribes  them. 
Wbeii  boue  is  deposited,  the  phosphate  of 
lime  being  opaque,  produces  an  opacity, 
where  it  is  perfectly  secreted;  and  here 
you  have  a  ]>roof— which  these  prepara- 
tions also  give  j'ou— that  it  is  in  the  cen- 
tre of  the  shaft  of  the  bone  that  ossifica- 
tioti  begins.    Where  that  is  perfect  it  ia 
closed  in  and  covered  over— a  proof  of  the 
vascularity  that  preoedet  the  eomplelloii 
of  bone.   But  at  the  margin  of  the  bnne, 
vessels  shoot  forth,  the  cartilage  becomet 
more  vascular,  and  a  ring  is  thert  fonnad, 
of  the  original  btae  colonrof  the  cartilage, 
with  rcnl  vessels  and  yellow  ossification, 
so  mixed  together  as  to  form  a  zone  of  a 
diiiited  jtSSm  colour.  The  fint  oakmr 
forma  a  zone  of  red,  in  which  vessels  are 
seen;  then  a  yellow  colour  is  s^n,  and 
beyond  that,  where  the  oartilage  it  not 
changed,  it  remains  transparent.  Many 
have  thought  it  impossible  for  Haller 
rightly  to  describe  zones  as  existing  in 
bone.  All  the  preparationt  before  us  serve 
to  ^'hnw  that  !innc  is  onpinaHy  and  alto- 
gether formed  from  the  centre  of  the  shaft. 

The  nest  teritt  of  prepanCifliit  tlmwi 
the  manner  in  which  the  epiphysis  or 
extremity  of  the  bone  is  formed  differ- 
ently from  the  shaft ;  for  in  order  to  com- 
plete the  bone,  in  ^iddA  ottificttion  to 

profCf  flirjc:  from  thr  centre  to  the  crtrc- 


jnit  to  you  the  mere  elements  of  your 
profession ;  I  mutt  not  demonstrate  these 
parts ;  indeed  T  cannot  demonstrate  them 

I  am  convinced,  in  fact,  that  you  know  lutity,  another  point  otossiticatioa  begins  at 

tbem,  thit  your  imnl  temdieii  haive|yi«  ntraniyiCtelfi  RmthopoMMmH 
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study  of  the  extliier.  It  is,  however,  by 

this  alone,  that  we  can  reconstruct  the 
aniinals  that  have  been,  repeoitic  a  coun« 
try  with  its  ancient  inhabitants,  ami  read 
in  its  relio  th»hist<H7  of  the  earth*  lAkin- 
moths  and  mastodons  have  l)ecn  spread 
over  all  continents ,  as  expensively  as  the 
human  race,  but  not  one  now  aiwvivet 
upon  the  earth  ;  lu  ithcr  their  longevity, 
nor  their  gigantic  bulk,  nor  their  massive 
strength,  nor  their  distribution  over  the 
globe,  have  protci^ed  t  heir  race  an  instant 
beyond  its  prescribed  dmation.  Their 
huge  remains  are  found  in  every  part  of 
Europe,  in  the  frozen  solitudes  of  Russjg 
and  Siberia,  and  embedded  entire  in  the 
icy  difts  along  the  shores  and  i&lands  of 
the  arctic  sea;  Kotzbbub  found  ttiem  con:^* 
mon  on  tlie  coasts  of  America  Nvithia  the 
arctic  circle,  and  Parry  in  Melville  island, 
vrbere  the  temperature  is  now  frequienUy 
fifty  degrees  below  the  freezing  point  ;t^^ 
are  strewed  over  the  Bunnese  empire,  ana 
the  great  platforms  of  Asia.  The  ponder- 
ous hippopotami  have  frequented  the  val- 
eys  of  Sicily,  and  Italy,  and  France,  and 


l,%iiNI<fAithv  'Specidr  Ikave  thefar  Itml^ 

ed  durntinn,  Nvliich  is  bnt  an  instant,  com- 
£g^l  with  the  antiquity  of  the  globe. 
^HMe  generii  and  tribes  of  animals,  the 
■W '  llite'^fefistint?  races,  hanre  khng 
»*eg!tti>'bhd  finished  their  career, 
'and  iife  and  developmtot  con- 
utowU  on,'  MldHibh  gMiat  kHigdom  of 


AKrw  A  r,«i  succeed  each  other,  genera- 
tion alter  generation,  like  shadows  on  the  England,  and  singulai*  forms  of  rlfinocer 
„amj^       ^  ^       * —  wandered  thi^h  out  peace- 

ful forests,  Avhere  they  have  had  to  en- 
counter bears  and  tigers,  wolves  and  hj'- 
enas,  now  so  far  removed  from  our  quiqt 
retreats.  Gigantic  tapirs  have  inhabited 
the  plains  of  France,  and  the  elnsinothpnurn 
those  of  Siberia.  The  chieromtainwt  and 
the  mk^f  i»d  fhe  anopMhmiOit,  and  mt- 
natmr,' like  t^io  individuals  that  compose  '  mcrous  s[)ecic8  of  jialcp/herittm,  are  found 
Itrhaa  bnA  its  embryo  and  its  infant  state. 

passed  a'^)^  some  Isolated  forms  liave 


chiefly  in  the  gypsum  of  the. Paris  forma- 
tkn.  Numerous  spedes  of^dklh-acot/t&' 
rhtm  and  lophiodon  oocor  In  ^e  tertiary 
been  [)rewn*vefl  entire,  embedded  in  sciid  j  beds  of  France  and  Germany.   From  tho 


ioS|  OT'iu  the  fro/en  soil  of  jiolar  reg^ns ; 
■wyilMiu  4efl their  skeletons  embahned 
in  the  new(irand  softer  forinations,  or  en- 
eras  t«d  in  tho  solid  rock ;  others  can  only 
99^9tti^ftb$i?  by  thMp'  eaM%^iiNeerped  ui 
anoieat  Bti^Bta,  or  by  mutilated  fragmcnt^; 
«C  their 4eoBer  parts  j  and  others  have  had 
mmy  mm  eif  -thsir  exielenee  oomj^etely 
^rtacod  by  time,  by  heat,  by  the  revolutions 
•of  the  (jlohc.  So  that  the  Study  of  the  re* 
cent  fuiins,  those  co-existent  with  us  at 
iBUi)  Il  h«t  tit^  alphibM  to  the 


number  of  these  vegetahlc-Catfng  non- 
ruminnting  quadrupeds  spread  over  the 
alluvial  and  tcrtiarj'  formations  of  all  con- 
tinents, from  the  magnitude  and  entire- 
nesf  of  thifir^bbndi^^nd  Skeletons;  HM 
from  the  rcinarkabin  and  tj^iical  forms 
which  they  present,  from  the  extraordt- 
ntLTy  geographidd  distribution  which  they 
exhibit  when  compared  with  that  of  tho 
existing  races,  and  from  the  striking  indi- 
cations they  afibrd  of  inexplicable  changes 

111  |ho  <liiime'iMd  yegMAthm  cf  vsmoft 
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latitudes,  their  stady  has  been  a  favourite 


rabject  with  the  geologists,  and  ft  Iniepm- 

bly  connected  with  all  theories  respecting 
the  past  revolutions  of  the  globe. 

One  of  the  most  intercs^ngaiidreinarlc- 
allla  Ibnns  of  these  pachydemm  wc  have 
yet  to  examine  it  the  rhimocexot  ^0)> 

Fig,  90 


now  confined  to  Africa  and  the  remotest 


parts  of       bat  of  which  numerous  spe- 

des  have  formerly  inhabited  France,  Eng- 
land, Germany,  and  even  the  most  jfrozei). 
tracts  of  Siberia,  wfieM  their  carcases  havf 
been  ibund  entice,  and  covered  with  shaggy 
hair,  to  suit  them  for  a  northecA  climate. 


This  powerful  and  massive  quadruped,  like 
liioeiephant,  prunes  Hio  tenschet  of  ttws 
OA  mtfl  as  the  herbage  of  the  plains,  and 

from  the  want  of  a  proboscis  to  seize  the  • 
elevated  branches,  it  requires  to  have  the  | 
head  more  light  and  raoveaUe  than  in  the  | 
proboscidian  pachyderma,  and  the  neck 
more  lengthened  and  flexible ;  but  the  use 
of  its  strong  inatmment  of  defence,  placed 
on  the  nose,  requires  that  neck  to  be 
powerful  and  muscular  ^  henue  the  strength 
of  all  the  processes  of  the  cervical  verte- 
brsc.  Its  enonBoas  intestine  for  the  re- 
ception of  oonrse  vcf::etable  food  is  sup- 
pprted  by  a  solid  Irame-work  of  ribs, 
reachmg  almost  to  the  pelvic  bones;  hence 
the  immobility  of  the  whole  tnmk,  and 
the  almost  solid  shield  around  its  exterior 
aor&ce.  Its  muscolar  fSsroe  is  not  less  in- 
dicated by  the  lengthened  form  of  all  the 
processes,  and  the  deep  depressions  of  the 
bones  of  the  arras  and  legs,  than  in  those 
of  the  head  and  neck,  the  scafnds  and  the 
pelvis.  This  muscular  strength  allows  a 
certain  degree  of  flexibility  and  elastici^ 
to  be  given  with  safety  to  the  feet  of  thn 
heavy  animal,  and  you  observe  that  these 
members  have  the  caxpus  and  tarsus,  and 
the  phalanges,  considerably  developed,  and 
liavo  a  lengthened  form,  depending  chiefly 
on  that  of  the  metacarpal  and  metatarsal 
bones. 

The  skull  of  the  rUnoeenM  .  has  a 

lengthened  tapering  form,  somewhat  ap- 
proaching to  that  oi  the  tapir  in  the  great 
extent  Md  ardwd  tern  of  Ae  nasal 
bones  {Fig.  90^  «>»  which  alone  support  the 
horn  in  the  single-homed  species  of  India 
and  Java.  The  occipital  ridge  rises  abruptly 
eo  a-great  height,  prolonging  with  it  the 
temporal  fossa,  and  coixesponds  with  the 
great  length  and  strength  of  the  spinous 


processes  throuriiout  the  vertebral  coliimn. 
The  orbit  (/r^.  90,  a)  is  entirely  delletent 
behind,  even  at  its  margin, —  a  striking 
contrast  in  this  pait  to  the  prominent  com- 
plete orbit  of  the  hippopotamus.  The  na- 
sal bones  form  a  very  strong  and  rougn 
arch  for  the  anterior  horn,  and  the  frontal 
bone,  which  is  undivided,  forms  the  san^e 
for  the  posterior  horn  in  the  two-npr^ed 
species  of  Africa  and  Sumatra ;  and  In  t^e 
long  skull  of  the  fossil  twO-horncd  spe* 
des  so  extensively  spread  over  the  older 
alluvia  of  Europe,  the  septum  {Fig.  91,  a) 
the  nostrils  is  ossified  throughout^  ti 

Fig,  91 


strengthen  the  whole  arch  of  tlie  face  for 
the  heavy  instruments  placed  ujH)n  it. 
The  Aa^tnde  of  the  lips  and  muscular 
parts  of  the  face  of  this  animal  is  indicated 
by  the  great  size  of  the  infm-orbitary  fora** 
men  (Hp.  91,  e)  for  the  seodnd  hndMlrtf 
the  fifth  pair  or  trifacial  nerve.  The  mOSt 
anomalons  feature  of  the  skull  of  this 
pachydermatous  animal  is  the  occurrence 
of  horns,  sometimes  single  and  sometimes 
double,  placed  on  the  median  plane,  and 
the  exterior  conformation  oi  the  bones  of 
the  fiiee  and  etanlmn  wMch  are  tfstAilt 
to  give  support  to  those  ])owcrful  instrtt*' 

meats  of  de£ui«ei  The  lai^ge^  itroDg>  vt* 
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cJvlo«ed,  nasal  bone  in  the  slnglc-horned !  maxiTlaries.  which  nre  Ure  very  drnder'' 


rhinoceros,  presents  an  elevated  convex 
arched  prominence,  with  a  very  rough,  tu- 

berculated,  superior  surface,  upon  which 


and  contain  each  a  small  incisor  tootk^ 
There  are  few  quadrupeds  which  present 
spinous  processes  of  so  lenf^hened  a  ferm 


in  its  contests  with  other  quadrupeds.  In 
the  two-horned  rhinoceros  there  is  also  a 
prominence  of  a  similar  fonn  upon  the 
anchylosed  frontal  bones,  which  are  ex- 
panded and  arched,  and  present  exter- 
nally a  rough  tuberculated  and  arched 


and  the  numeroiM  coccygeal  vertebrae  form 
a  long  and  flexible  tail.  Although  the 
strong  and  broad  ribs  shield  the  trunk 
aimoet  to  the  tacrum,  the  sternum  is  very 
short,  consistinff  of  ahort  compresaed  de^ 
mcnts  which  curve  up  on  the  anterior  part 


-Z_Z       niiT**^  «M»u  niuucu  inenis  wnicn  curve  UD  on  the  anterior  nart 

•u«&ce.  The lion»»iriiic!i rest npon those,  towaxds  tlie  neck  t£e  topC  ?S 
parts  have  no  osseous  texture  in  their  I  scapula  Is  more  lenirthenM  ilTan  S«  tilS 

Hbnms  liomy  substance,  which  is  easUy ;  bral  majgin.  and  has  its  snine  lenethened 
observed  m  these  decayed  horns.  whe,4  and  cm^Sl  biStvwJds  in  ^^^^ 
^tLr  Z  Ti?         «eP-'^;-.-t5"S  f'  om  e^ch  the  large  i./ra^spinaii  nmj^  Th^^Z 
other,__and  the  horns  splitting  into  their  crum  is  shorter  than  in  the  hippopotami 


9     — — w^^a»w«r«  fts^^      AAAVW  ImAWU 

numerous  component  filaments,  like  ag< 

glutinated  hairs.  These  continue  to  grow 
from  the  base,  and  to  be  pushed  upwards, 


but  the  iliac  bones  are  more  expanded, 
and  the  sacro-iliac  articulation  is  mwe 

perpendicular  from  havinc,'  td  sustain  more 


«:n  *u«-   i      ,  V.  ,  *  I'tipv^iiuiuuiar  irom  navmcr  t(i  sustain  more 

r?n!?  '^.i*^''*  *5  Aelx  greatest  length,  constant  and  heavier  pressure  on  JheTS 
Constantly  exposed  to  faction  at  the  an-  than  in  the  former  s^mi-aquaUc  ^irnS^ 
tei  or  narrow  tapering  part,  they  are  con-  'The  pelvis  is  short;  the tuSrodtiwof  the 

?r3Sf  '\  P^.^l'^^'^^^  ^J^^y  P^S3  ischia  extend  latcAllv,  and  theTotyloid 

from  the  base  to  the  anex.   The  ani»y.  r<ivi»SiM  .»  ^s^^.  i  '  i :  _  .  .    ,  v,ui.^hmu 


frdm  the  base  to  the  apex.  The  apex 
therefore,  which  we  witness  in  the  adult 


aoj™^,  isao.  th«  jharp  aue.  of  the  .mail-  rol^hrS^he^THr^nrtL'SaTST 


cavities  are  directed  obliquely  downwards, 
the  better  to  support  the  superincmnbent 


pointed  bom  which  was  originally  formed, 

for  a  great  portion  of  it  has  heen  worn  away. 
It  is  |in  instrument  which  requires  great 
ittv'ngtii  m  the  muscles  and  ligaments  of 
tiie  head  and  neck  of  the  rhinoceros; 
hence  the  muscularity  and  thickness  of 
the  neck  of  tliat  animal;  hence  the  mag- 
nitude of  the  depressions  and  prominences 
of  the  bones  of  the  head  and  neck.  In  the 
molar  teeth  of  this  animal,  which  are 
we  observe  a  remarkable  character 
m  tbe  great  degree  «f  dissimilarity  be- 
t^'een  those  of  the  \ipper  and  lower  jaws. 


veloped  throughout  their  whole  length, 
the  olecranon  and  the  patella  are  of  great 
uuigniturlc,  as  are  the  muscular  processes 
of  all  the  bones  of  the  extremities.  Three 
toes  are  continued  to  the  ground  before 
and  behind,  consisting  each  of  three  pha- 
langes, the  two  first  of  which  have  abroad 
cubical  form,  and  the  last  is  remarkable 
for  its  rough  irregular  form  and  its  sots 
tension  transversely.  The  terminal  pha* 
lanx  of  the  middle  toe  on  all  the  feet  is 
elongated  transversely  on  both  sides,  but 
on  the  other  toes  it  is  elongated  only  oa 
one  side,  that  most  remote  from  tiie 


The  upper  jaw  has  molar  teeth,  the  crowns  I  ^^'^^  tiiat  most  remote   from  the 

of  which  ace  of  a  square  form,  presenting  "oWdle  toe.  So  that  the  large  hoofs  have 
veiQ^  iri;9gidlU' wide  convoluted  layers  of  aniple  means  of  growth  and  support,  and 
ei^jBirtfelpaasinglongitudinallypntheoutside  ^  broad  and  strong,'  base  is  afforded  to  the 
bieviOl^eirsely  on  the  inside  of  the  crowns  ^^^^  iK\xi\\s.  of  this  powerful  and  ferodoua 
u^tuPwiifeMt,  Wft  rn  IbeJower  jaw  the  ^   .  .. 

teeth  are  so  narrow  com  pareil  with  those  |    In  this  litlle  ikaleUm  of  th«  kyvttr,  ham 
W^ti^e  upper,  that  il"  we  were  not  to  see  Abyssinia,  you  perceive  a  rmiurkable  re- 
tlMWniathe  jaws  we  should  scai  cely  suppose  semblance  in  the  form  of  the  moiar  teeth 
tlM»r<MI«iged  to  the  same  animal.   They  both  abov«  and  below,  to  tlioee  of  the 
are  composed  in  the  lower  jaw  eacli  of  rhinoceros,  but  the  ramus  of  its  lower 
^^^^'^^'^^^^'^j  layers,  encasing ,  osseous  jaw  is  proportionaily  almost  as  broad  and 
metone^  and  have  a  lengthened  finrm  deep  as  that  of  a  horse.  The  whole  ske- 
from  before  backwards,  with  their  con- ;  leton  of  this  animal  is  mera  light  and 
v«iiuties.  directed  outwards.   The  incisor  slender  than  that  of  almost  any  other  of 
toetharatwoaliovieaad^tvvobelow.as  inthe  tlie  pachyderma.   The  ribs  encompass  but 
Jaws  of  the  male  mastodon,  andof  the  exist-  a  small  part  of  the  tnmk,  and  leave  a  lone 
mgrodw/ffl.  By  means  of  the  flat  condyle  hunhar  region  free  for  lateral  motion 
and  the  shallow  glenoid  cavity  there  is  The  sternum  is  lengthened  chiefly  bv  the 
considerable  latewl  HDtiaaAf  th«j«w  fiv  darelopmeat  ofits  xiphoid  elastic  portion, 
the  longitudinal  ooms  flf  emmel  OA  the  which  extends  free  and  flexible  to  a  cobI 
ilijteciMr  niQlar«ff.  .     .      ,  ]  siderable  distance  over  the  epigastric  re- 

ZlwuiBe  BMIM  bpneBoyerarchtheinter^^  gionu  XiiUi>ylvis  is  of  great  iengtli,  nieader. 
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tenor  extremities. 

The  family  of  i)i  o"bosclcIian  pacli5'flerTna 
comprehends  the  largest  und  most  massive 
quadrupeds  which  at  any  period  of  the 
liis'ton-  of  this  planet  liuvc  iulialjlted  the 
Kurfiu  e  of  the  cirvland.  Their  giant  bulk  is 
supported  entirely  by  vegetable  food.  This 
vegetable  matter  Ihey  derive  not  from  the 
tendor  shoots  of  grass  and  other  low  ve- 
getables that  cover  the  nakedness  of  our 
Gontinentt,  but  they  are  provided  with 


and  attached  so  obliquely  as  to  be  almost  |  ing  to  be  thus  rapidly  v,  cm  down*  should 

in  a  line  with  the  vertehi  :d  column,  nnd  he  renewed  repeatedly  durinc:  life  when 
hence  the  great  length  of  its  sacrum,  to  they  have  been  worn  to  the  stumps.  This 
protect  the  upper  part  of  this  elongated  ;  is  the  particular  mode  which  nature  has 

pelvic  region.  The  limbs  and  foot  have  adopted  to  perpetuate  the  molar  teeth  of 
a  corresponding  slender  form,  %vith  four  \  iha  proimscidia.  A  singular  anangcmcnt  it 
toes  on  the  anterior,  and  three  ou  the  pos-  is  in  any  quadrupeds,  and  the  more  sin- 
gular to  find  it  almost  confined  to  those 
stupendous  inhabitants  of  tropical  forests. 

The  great  magnitude  of  those  dense  and 
ponderous  instruments  for  reducing  this 
bard  food,  requires  that  the  jav,s  which 
receive  them— which  support  and  nourish 
those  instruments — which  require  deep  al- 
veoli, and  pulps  for  their  nutrition  —  should 
possess  great  strength,  depth,  and  thick- 
ness ;  heacc  the  depth  and  shortness  of  their 
inferior  and  superior  maxillary  bones»  and 


instruments  to  seize,  to  bruise,  and  to  the  sinall  ninnher  of  teeth  they  contain  at 
masticate  to  a  pulp,  the  hard  branches  of  any  one  time  through  lii'e.  The  Incisor 
the  largest  trees.   In  their  kind  of  food  teeth,  or  the  long  curved  tusks,  by  their 


vegetable  matter 


and  the  coarseness  of  th 
on  which  they  subsist,  they  resemble  the 
smallest  rodent  animals  which  we  observe 
organised  with  instruments,  and  provided 
with  instincts  winch  lead  them,  to  consume 
the  coarsest  of  vegetable  substances.  That 
is  the  case  with  the  existing  proiMScidian 
ymchyderma ;  and  from  the  structure  of 
those  which  we  find  in  a  fossil  ste.te,  this 
appears  to  have  been  the  character  of  all 
the  animals  which  possessed  that  form. 

The  elephant  h  a  i^igantic  mouse  which 
has  lost  its  inferior  incisors,  but  these  in- 
ferior incisors  were  present  in  the  male 
oftlic^i;4antic  mastodons  strewed  over  the 
alluvial  deposits  throughout  all  America. 

The  bruising,  and  pounding,  and  re- 
dncinp:  to  minute  fra;,Mneuts  and  to  pul]), 
fitted  for  the  alimentary  canal,  the  thick 
branches  of  those  trees  that  cover  vast 
tracts  along  the  banks  of  rivers  and  es- 
tuaries in  hot  climates,  the  continual 
grinding  of  this  kind  of  hard  food, 
requires  instruments   of   great  magni- 


being  only  two  in  nmnber,  and  those 
placcfl  in  the  intermaxillary  bones,  re- 
semble the  characters  of  these  teeth  in  the 
rodent  animals,  whicli  have  only  two  in,- 
cisnrs  inserted  in  the  intennaxillary  bones, 
and  the  elephants  resemble  them  in  the 
transverse  layers  of  their  molares.  There 
are  no  incisors  below  in  the  cxistinr^  rTe- 
phauts  to  assist  in  the  reduction  of  the 
food,  and  the  incisors  above  being  thus 
rendered  useless  with  regard  to  the  mas- 
tication of  their  food,  the  whole  of  that  pro- 
cess is  licrc  thrown  upon  the  molar  teeth. 
The  incisor  teeth  implanted  in  the  inter- 
in  axillary  bones  in  the  rodent  animals  are  of 
great  length,  and  are  observed  to  grow  with 
great  rapidity;  and  they  arc  worn  down 
with  an  ccpml  ra])idity;  they  arc  tcith, 
therdbrc,  which  never  fill  up,  or  become 
soHd  internally  at  their  base,  but  arc  al- 
ways there  hoUoiw,  sad  allow  the  pulp  to 
pass  a  great  way  upwards  into  those  tu- 
bular teeth.  When  those  long  incisor 
teeth  of  the  rodentia  are  deficient,  ^hor 


tude  aTid  (iensity.  The  rapid  abr.ision  j  in  the  nppcr  or  in  the  lower  jaw,  the  teeth 
of  the  teeth,  both  by  the  hard  substances  that  are  opposite  grow  with  great  rapidity, 
interposed  between  them,  and  by  the  and  project  like  tusks  from  the  mohth, 

action  of  those  teeth  u])0u  caeli  otl;er ,  havini;  now  nothin;^  to  abrade  tbcm. 
when  the  substances  between  them  are ;  Such  is  the  case  with  the  tusks  or  supc- 


hut  small  or  soft,  requires  that  there 
should  also  be  the  means  of  quick  renewal 
in  those  rnpidly-wcarinc:  inHtrnnicnts, 
important  to  the  life  of  these  pachydenna. 
Those  requisites  of  the  teeth  necessitate 
jaws  of  extraordinary  depth,  which  will 
enable  a  pulp  of  vast  magnitude  to  re- 
ceive a  commodious  lodgment,  and  which 
will  receive  "also  the  fangs  of  permanent 
teeth  that  ai-e  of  great  length,  heransc 
of  their  being  constantly  and  rapidly 
abraded  from  their  exposed  points;  or 
such  a  kind  of  hard  food,  and  such  pow- 
erful actions  of  the  jaws,  would  require 
that  the  teeth  of  these  snimals,  continQ- 


rior  incisor  teeth  of  the  elephants.  The 
tusks  of  the  elephant  are  incishr  tesitti 
apparently  implanted  in  the  intermaxil- 
lary bones,  but  having  theli*  bases,  as  in 
rodentia,  Extending  intothe  superior  max* 
illarics.  Having  nothing  to  abrade  them, 
and  growing  rapidlv,  they  soon  pi-oject 
from  the  mouth,  and  the  remarkable  i>ro- 
jection  of  the  chin,  or  base  of  the  lower 
jaw,  corresponds  with  their  slanting  di- 
rection outwards  and  upwards.  Tboy 
never  are  completed,  or  cease  to  grovf 
they  never  fill  up  at  their  base  aadao* 
quire  a  fang,  but  continue  through  Mfb' 
tubular  through  a  coniiderabla-^rt  of- 
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their  base.   The  osseous  matter,  or  i vnn,',  i  cisor  teeth  below  as  well  as  above.  By 


Dvbich  composes  the  gi-eat  body  of  the 
tuslCt  U  deposited  in  successive  layers  in 


the  possessioa  of  these  effective  incisor 
teeth  below  as  well  as  above,  the  rodent 


the  inferior  of  its  cavity,  so  that  you  may  animals  reduce  and  soften  and  prepare 
view  the  tusk  of  the  elephant  as  consist- '  their  food  be 


elephant 

iug  of  a  scries  of  cones,  somewhat  bcut, 
HmI  placed  tbe  one  within  the  other,  and 
we  sec  them  exfoliate  in  concentric  layers 
when  decayed.  Thus  it  is  that  we  find 
frequently,  during  the  ^wth  of  tbe  tusks 
of  the  elephant,  tljat  ball';,  wliich  bad  been 
shot  through  tbe  intermaxillary  bones, 


fore  they  carry  it  back  to  be 
buboiiUcd  tu  the  action  of  the  molar 
teeth.    The  elephants  can  do  no  such 

thing.  The  food  iinist  in  tbem  come  un- 
masticated  between  the  molar  teeth,  and 
not  reduced  to  a  pulp  already  by  the 
action  of  the  incisors.  That  therefore  ne- 
cessitates an  infinitely  gi-eater  provision 


and  through  the  slender  base  of  the  tusk,  j  in  the  elephants  for  the  abrasion  and 
have  drojipod  into  the  cavity  of  the  tusk,  renewal  of  thtir  molar  teeth, 
falling  by  their  gravity  to  the  lowest  part  |    They  consist,  in  tlie  cl.'phant,  of  nu- 
that  is  not  yet  ossified  in  the  canty  of  the  ;merons  origiujUly  separate  teeth,  glued 


twsk  ;  they  there  rest.  The  ossific  matter 
continuing  to  be  dcposiie  l  u\  hv'  rs  in  the 
interior,  as  the  tooth  is  gradually  pushed 
from  tbe  jaws,  it  soon  comes  to  encompass 

ti.e  foitip-n  body,  and  in  the  course  of  time 
the  ball  is  embedded  completely  in  the 


together  by  a  erutta  petnua,  or  coi'tical 

part.  Tho^e  teeth  bavi!iii;  their  plate?  nf 
euamel  and  of  ositcous  substance  directed 
transversely  across  the  jaw,— hsirimg  the 
same  kind  of  longitudinal  action  which  we 

see  in  the  rodent  qnadrujjeds,  an  action 


solid  osseous  substance  of  these  incisor!  which  consists  of  a  motion  of  the  lower 
tccth,asyoiisceintbe  specimen  before  you.  I  jaw  backwards  and  forwards,  \vc  still  ob- 
Now  we  could  conceive  that  the  ball  could  ^ervc  that  the  direction  of  the  plates  of 

Jftuas  altogether  through  the  tooth,  and  |  enamel  is  at  right  angles  to  the  direction 
eave  not  a  trace  behind  of  its  ever  having  |  of  the  notions  of  the  jaws.   It  is  the  best 
exi  ted  tliere;  foi-siipj)o^inp:,  atuvcrycuily  j)Os<iMc  dii  ection  for  the  plates  of  the 

enamel  to  be  at  right  angles  to  the  di- 
rection of  the  motion,  for  if  the  motion 
were  in  the  same  direction  with  the  plates 
of  enr.mcl  and  of  the  softer  osseous  nub- 
stance,  those  would  play  smoothly  over 
the  sur&ceof  each  other,  tbe  prommences 
of  the  one  sliditi^;  in  the  (!ei)rt  .-isions  of  the 


Ijieriod  of  the  formation  of  the  second  or 
permanent  pair  of  tusks,  the  elephant  had 
tJio  ball  shot  through  its  intermaxillary 
bone,  and  that  it  gained  this  admission 
into  the  cavity  of  the  tusk,  and  that  by  its 
gravity  during  the  inclined  position  of 
the  head,  it  fell  down  to  nearly  the  apex ' 

of  the  very  young  hollow  tooth,  those  j  other,  and  would  never  have  tbe  cUcct  of 
incisor  teetn  being  tbo  chief  mstrutiients  |  grinding  and  reducing  the  solid  substances 

of  offence  and  defence  of  the  elephant, — !  that  were  placetl  between  them.  The  food 


the  itistrumcnts  which  it  is  coiitinnaliy 
cinployirig  for  tearuig  up  and  breaking 
the  branches  and  stems  of  trees,  and  over- 
coming the  most  violent  resistances  op- 
posed, to  it, — those  tusks  arc  continually 
wearing  down  at  their  tapering  exposed 
part,  so  rapidly,  that  had  the  ball  lodi^'ed 


woidd  be  ernbcflded  safe  from  attrition  in 
the  cavities,  and  tlie  corresponding  ca- 
vities and  prominciK  es  would  slide  over 
each  other;  hwt  by  having  the  serrated 
surfaces  rubbing  against  each  other,  wo 
see  that  no  particle  can  escape  their  action. 
Like  two  inillstoiies,  all  that  is  jdaced  l>e- 


near  the  apex,  it  would  have  appeared  '  tween  them  must  be  filed  down  to  atoms. 


gradually  externally,  and  the  wearing  of 
the  tooth  all  round  it,  would  have  actually 
caused  it  to  drop  from  the  surface,  and 
the  wearing  continually  externally,  the 
tooth  wouM  have  assumed  its  natural 
round  fonn,  and  no  trace  bcon  left  118 
that  ever  it  had  been  pierced. 

Deriving,  thus,  no  assistance  in  masti- 
cation from  their  tusks,  those  organs  of 
offence  and  defence,  the  whole  stress  of 
that  fuuclion  is  thrown  upon  the  molar 
teeth.  Those  stupendous  instruments  for 
grinding  down,  for  more  than  a  hundred 
years,  the  solid  stems  and  branches  of  tro- 
pical trees,  re([uiro  to  have  a  mechanism 


This  attrition  against  each  other  then,  is  a 
cause  of  Still  more  rapid  abrasion  of  these 

teeth. 

The  molar  teeth  begin  in  the  young 
elephant  by  a  small  number  of  detach^ 

transverse  lamina?,  forming  so  many  entire 
though  small  and  thin  teeth.  Those  nu- 
merous ^lin,  flat,  lamina;  of  osseous  sub- 
stances, covered  over  each  w  ith  its  enamel, 

are  ancbylosed  at  lentrth  by  the  deposition 
of  an  uibcous,  very  dense,  and  compact 
crust— a  petrous  crust  enth'ely  enveloping 
their  exterior,  which  petrous  cnist  glues 
together  the  tew  separate  small  lamina:  of 
the  young  animal.  They  are  5'ct  narrow 


and  a  plan  of  growth  and  pcrpeLiiify  \  ery  j  transversely,  liiid  few  in  number,  so  that 


different  from  that  of  almost  all  other 
quadrupeds  ^  nay,  even  of  the  rodentia, 
becvne  tho  xmntia  have  effective  in* 


they  are  short  also  longitudinally.  Those 
are  soon  worn  to  the  stumps,  and  they  are 
thrown  fr<qpi  the  jaws.  By  this  time  other 
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larger 

have  been  formed  behind,  and  those  are 
rapidly  advanciog  forwards.  Before  the 
flnt  are  tlutma  mm  the  Jaw,  the  aeeoiid 
have  advanced  a  considerahlo  way.  So  that 
upon  each  aide  of  each  jaw  in  the  elephant 
yoa  find  two  raokr  teetta»  but  those  two 
teeth  in  very  diflTerent  stages  of  growth, 
— the  one  behind,  a  newer  tooth,  coming 
forward  to  replace  the  one  that  in  before, 
and  which  is  wearing  raiMy  to  the  stump. 
This  proceeds  tl-  rnr-^;  t'  ■  Vf  •  of  the  ele- 
phant; and  it  has  been  observed  to  shed 
the  molar  teeth  for  eight  or  nine  times ; 
the  incisor  tteth  are  shed  but  om  e. 

The  new  molar  teeth  that  arc  added 
always  consist  of  a  greater  number  of 
plates,  and  are  more  extended  transversely, 
so  that  altoi»ether  the  teeth  are  larger  as 
the  animal  advances  to  maturity.  This 
nqnires  in  the  elephant  a  considerable 
depth  in  the  jaws  to  receive  the  means  of 
nutrition  of  such  lai-ge  instruments.  No 
parts  are  more  variahle  than  the  incisors 
m.  tihdr  form  and  magnitude.  They  are 
very  small  in  the  Asiatic  elephant,  and 
generally  absent  in  the  female,  but  in  the 
Aftican  species  found  on  the  western  and 
aonthern  parts  of  that  continent,  the  tusks 
are  both  larger  and  more  constant  in  the 
two  sexes.  The  same  sexual  difference  is 
eeen  in  the  canine  teeth  ct  many  other 
animals,  and  these  arc  nearly  analogous  to 
canine  teeth,  as  also  are  the  long  upper  in- 
cisors of  rodentia,  from  their  base  and  their 
pulp  being  actually  situate  in  the  su])crior 
ma-xillarv,  although  they  extend  for  se- 
ourity  through  the  prolonged  intermaxil- 
lary bones.  The  interina\i!laries  form 
very  long  alveoli  in  the  mauimoths,  where 
the  tusks  are  of  enormous  magnitude  and 
length,  and  in  the  male  of  the  gigantic 
mastodon  there  appears  to  liave  been,  in- 
ferior tusks  also.  . 

Tlie  great  weight  of  the  head  (F^,  92), 


firom  supporting  instruments  so  vast  as 

the  elephant's  incisor  {Fiff.  92,  « /)  and 
molar  {F^.  ^2,g  h  Im)  teeth,  necessitates 
very  powerful  mosdee  ftr  Ihe  support  of 
sncli  a  heavy  weight.  Those  muscles  re- 
quire necessarily  that  the  surface  of  attach- 
ment on  the  exterior  of  the  rindl  {Fig.  92, 
b  b)  shall  correspond  with  its  magnitude. 
Bnt  the  cranial  cavity  (Fiff.  92,  c)  of  the 
elephant  is  but  a  small  cavity  for  so  large  a 
quadruped.  It  is  not  the  plan  npon  wMdi 
the  skulls  of  quadrupeds  are  constructed,  to 
expand  their  cranial  cavity  by  a  devel^ 
ment  of  the  arachnoid  coat  withhi  tint 
cavity,  as  we  have  seen  to  be  the  case 
with  fishes.  The  plan  of  enlarging  the 
exterior  surface  of  the  skull  in  the  class 
which  we  are  now  considering,  as  also  in 
the  class  of  birds,  in  owls,  for  instanos^ 
is  by  separating  the  two  tables  of  theskuUb 
or  enlarging  the  cells  {Ffff.  92,  dft)of  theia- 
terpnsod  diploe.  That  is  the  plan  which  we 
have  already  seen  common  in  other  pachy- 
derma,  as  in  the  bahyrussa.  This  is  tha 
plan,  then,  which  Nature  has  followed  to 
extend  the  exterior  surface  of  the  skull  for 
the  attachment  of  the  powerful  muscles 
and  ligaments  to  more  and  support  tiia 
heavy  head.  The  sutures  of  the  cranium 
early  disappear ;  the  inner  and  the  outer 
tables  are  separated  from  each  other  by  a 
large  cancellated  structure.  This  deve- 
lopment of  the  diploe,  or  meditullium,  is 
effected  by  the  enlargement  of  the  ordi- 
nary cells,  or  spongy  texture,  of  which  tt 
consists  in  the  human  skull.  The  cells  ex- 
tend in  a  radiating  direction  from  Ibe 
centre  towards  the  surAice  of  the  bead. 
The  parietes  of  those  cclh  which  thus 
aei)arate  the  outer  from  the  vitreous  table 
of  the  skull,  are  placed  mostly  at  right 
angles  to  the  two  tables  which  they  con- 
nect ;  they  arc  placed  pcq)endicularly,  to 
strengthen  and  support- the  outer  table  of 
the  sknll.  There  is  a  beauty  in  this  nlflt* 
lar  arrangement  nf  the  cells  of  the  ele- 
phant's skull.  We  see  that  by  this  means 
they  take  a  firmer  hold  of  this  outer  tslbh, 
so  that  the  musdas  which  are  inserted 
over  its  surface,  arc  less  liable  to  tear 
away  the  outer  from  the  inner  table  of 
the  skull,  and  injuries  stpplled  axlemally 
to  that  hollow  mass  which  stUTOunds  the 
hrain  of  the  elephant,  are  less  cauable  of 
breaking  down  the  outer  table,  from  its 
being  thus  supported  by  innumerable  ra- 
diating thin  hut  dense  osseous  plates.  To 
lighten  this  cancellated  structure  it  is 
fiOed  with  as  in  bbds,  admitted  by  the 
eustachian  tubes,  and  occupying  the  place 
of  the  heavier  inairow  of  other  quadru- 
peds, all  over  the  surfiwa  of  its  larger 
b1own-up,  sagacious-looldng,  bnt  compn* 
ratively- stupid  bead.  •  ^. 

The  great  development  of  tht  MfjBf. 
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teeth  of  the  elephant,  requires  enormously 
developed  intermaxillary  bones,  which 
sheath  the  bases  of  the  tusks  like  tubes.  The 
openings  of  the  nostrils  (Hff,  92, «}  are  tbere- 


fai(^  toWMis  the  vnmrn  of  tte 

I  elephant ;  but  those  nostrils  are 
prolongsd  to  a  considerable  distance  from 
the  bead,  by  the  cartilages  and  muscles  of 
that  teniMve  and  flexible  instru- 

inent  the  nose  or  proboscis  of  the  animal. 
By  the  flexibility  and  the  ttrangth  of  the 


itiervee 

that  animal  as  a  most  valuable  substitute 
isr  the  prehensile  oi^ans  which  it  so 
amch  requires  to  veaeh  itt  food,  and  so 
much  wants.  It  employs  this  instrument 
to  break  down  the  branches  from  lofty 
treets  wbicb  the  necessary  shortness  of  its 
■Mk'flNvmto  it  tarn  reactainf  with  its 
teetfi.  It  emplojn  the  proboscis  to  draw 
«p  water  from  the  riven  and  fiMmtains, 
«id  ttr  iU  the  tniannl  ecvitiee  of  Hie  nos- 
ftAs,  which  are  considerably  dilated  in  the 
middle,  find  then  to  'squirt  the  water  thus 
GoUeuted  into  the  mouth ;  so  that  it  has 
thes  a  means  both  of  reaching  down  to  liio 
level  of  its  feet,  without  bending  its  great 
oaroaas-  to  the  ground,  by  the  prolonga- 
iMi  •#  tbtt  note,  and  it  has  the  meue  of 
reaching  high  to  pull  down  the  branches 
for  its  food,  without  having  the  neck 
lengthened,  which  could  not  in  that  form 
•support  so  largo  and  hsMpy  « liMtd, 

This  requires  numerous  nerves  to  sup- 
ply so  muscular  and  sensible  an  instru- 
veiit— ft  hand  attadied  to  the  fooe.  We 
therefore  find,  that  the  infra-oibitary  fora- 
niea  is  very  large  in  the  elephant  and  all 
ihe  proboaeiditti  pacbyderma.  Now  you 
vowd  judge  from  the  magnitude  of  tliat 
foramen  in  the  mararaotlis  and  mastodons, 
that  they  had  a  large  second  branch  of  the 
flitli  or  trifacial  pair  of  nenrei,  to  give 
energy  and  motion  to  a  large  proboscis, 
a^hough  we  now  see  nothing  more  than 
^e  akdeton,  becauteno  part  of  their  pro- 
bo^icis  can  be  left  to  us  iu  a  fossil  state. 

The  great  weight  of  all  those  instruments 
which  1  have  mentioned  as  attached  to  tho 
head  of  the  elephant  (Ftff*  93,  c  ; ,  requires 
not  only  powerful  muscles  and  ligaments 
to  move  and  to  support  the  head,  but  that 
fhe  aecAc  ihall  be  as  short  at  poniUe.  It 
wouhl  have  been  impossible  in  the  ordi- 
nary construction  of  animals,  to  have 

iilaced  so  vast  a  weight  at  the  end  of  a 
ong  neck, — to  have  placed  the  head  of  an 
elephant  at  the  end  of  tho  neck  of  a 
giraffe.  The  muscles,  and  tlic  bones  which 
woold  have  been  required  to  give  at- 
tachment to  such  muscles,  would  have 
made  the  anterior  part  of  the  trunk  hea- 
der tfiao  the  poeterUnr,  and  woold  have 
thus  required  six  legs  in  place  of  four. 
The  aectc,  like  that  of  the  eaonnoot  heavy- 


headed  whales  and  other  cetaceous  ani- 
mVtt,  H  shertoAed,  to  that*  the  head  ii 

brought  as  near  as  possfbto  to^be  i 
the  anterior  extremities. 

♦ 

JF%r.  93 

nj  •  ■  J'*     ■■  »'   '  n         I «' 
,1         'ft    ,  J    .11  •!  • 
.  1  ilH( 


Notwithstanding  this  advantage  gained 
by  the  shortness  of  the  neck  or  the  ele- 
phant, we  see  the  prodigious  development 
of  the  spinous  processes  (Fiff.  e)  of  the 
vertebra;,  along  the  whole  column  to  the 
tail,  and  they  arc  still  stronger  in  the 
mastodon  (Fitj.^'A,  h  fi^.  They  arc  long  and 
strong,  and  du'ected  backwards  in  the  ele- 
phanC  and  they  tormfaiato  in  large  osse- 
ous  tubercles.  The  ligaments  are  power- 
ful which  are  interposed  between  them, 
and  pass  to  fhe  occipital  bone;  and  the 
muscles  arc  of  great  strength,  whifdl  are 
attached  iu  the  expanded  and  concave 
region  of  the  back  of  the  head  and  the 
neck. 

In  the  elephant,  as  in  many  other  large 
pacbyderma,  the  greater  pait  of  the  trunk 
IS  shielded  by  the  ribs ;  they  pass  back 
almost  to  the  pelvis.  The  enormous 
weight  of  the  abdomen,  from  the  quantity 
of  vegetable  matter  which  they  require  to 
take  in  for  nouri^<hment,  and  the  great 
development  of  all  their  digestive  appara- 
tus, require  that  both  the  muscular  and 
the  osseous  parietes  of  the  abdomen 
should  he  increased.  The  muscular  parts 
of  the  abdomen,  aud  all  those  tendinous 
expansions  from  the  nrast^es  that  are  con- 
tinued in  front,  niii^t  li;ive  means  of  very 
solid  attachment.  Therefore  it  is  that  we 
find  the  ribs  here  continued  backwards 
almost  to  the  pelvis,  although  the  sternum 
is  comparatively  f^hnrt ;  and  e\'cn  in  rumi- 
nating animals,  where  the  ribs  often  ter- 
minate sooner,  to  allow  of  the  necessary 
distention  of  the  cavity  and  flexibility  m 
the  trunk,  you  observe  that  the  transverse 
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mawEsm  cntwr  ok  trb  omoMoer  of 


processes  of  the  lumbar  vertebrae  are  enor- 
motuly  expanded  laterally,  so  as  to  afibrd 
s  bKMd  and  strong  attachment  for  the 
thick  paTi(>t<»s  of  the  abdomen,  to  support 
the  huge  paunch  and  other  abdomiaal  vi:»> 


So  great  a  cnrcass  to  be  snpjiorted  on 
^^e  four  piUara  of  the  elepliaut,  requires 
those  pillan  to  be  as  pei-pendicular  as 
Possible,  and  to  be  chiefly  composed  of  the 
stroiii^eat  bones  which  enter  into  the  for- 
mation of  these  extremities.  We  find 
thus  that  tlie  large  broad  acapida  has  its 
glenoid  cavity  directed  dowTiw'ards,  and  it 
has  its  crest  or  spine  perpendicular,  and 
mvuAi  enrved,  to  give  ■ecore  lodgement  as 
well  as  extensive  surface  for  the  supra 
and  the  infra  siiinati  and  other  muscles 
attached  to  its  surface.  The  humerus  is 
of  great  length  and  strength,  expanded  at 
both  extremities  like  the  femur;  it  passes 
down  perpendicularly,  and  rests  in  a 
straight  line  very  secnrely  upon  the  head 
of  the  raduis  and  the  ulna.  These  bones 
cross  each  other  and  fix  the  hand  in  a 
■talc  of  proiiatloD* 

The  strongest  bones  which  enter  into 

the  compositioTi  of  the  firm,  ar(>,  the  hu- 
merus, tlic  raUlua,  and  the  ulna.    In  the 

ulender  arms  of  liie  deers  and  tlie  ante- 
lopes, which  were  organised  to  skip  lightly 
over  the  phuos  with  nimble  movements, 
we  taw  thieae  long  bonet  pas^g  down  in 

a  ziv;7j\'^  flircction,  to  give  great  elasticity 
in  all  their  extremities.  We  therefore 
«aw  the  heel  and  wrist  raised  high  upon 
the  legs,  and  long  cancm-bones— meta- 
tarsal and  metacarpal  bones.  The  struc- 
ture, however,  required  hei'e  for  mere  sup- 
port, of  an  enormous  edifice^  is  very  dif- 
ferent. The  iliac  bones  are  enormously 
expanded  for  the  great  extensor  or  glutei 


The  first  great  bones  of  the  arms  and 


have  broken  the  strongest  tendons  which 
ever  entered  into  the  composition  of  the 
haadiorfMtof  aay^piadnipoA*-  . 

The  elephant  has — the  ordinary  nuin- 
bcr  of  toes  in  mammalia, — five  toes  on  each 
oi  the  feet,  both  in  the  Afiican  and  in  the 
Asiatic  8pecii».  But  in  the  Afticaa  tpttimt 
three  toes  only  on  the  hind  foot  are  gene- 
rally covered  with  hools;  in  the  Asiatic 
species,  feor  ofcttwtpcrtri  the  hind  foot  aia 
covered  with  hoofs.  These  animals,  inha- 
biting different  continents,  differ  in  seve- 
ral other  respects  fvom  eadi  oliior.  Tlie 
forehead  is  ocmcave  in  the  Asiatic  and 
convex  in  the  African  species.  The 
African  elephant  has  the  tusks  considerably 
developed,  both  in  the  male  aad  in  m 
female ;  in  the  Asiatic  they  r.rc  pmallcr  and 
generally  developed  in  the  male  only.  The 
molar  teetii  of  the  African  dephant  have 
the  layers  of  enamel  in  the  middle  of  each 
transverse  div  ision  of  these  teeth,  suddenly 
sepaiated  from  each  other,  so  a^  to  form 
a  HMBBi^Ba-tbaped  cavity  filled  with  the 
bony  ])nrt  of  the  tooth.  In  the  Asiatic 
elephant,  on  the  contrary,  the  la,yvn  of 
enamel  pass  nearly  pandld  to  eadi  olbert 
thnntrh  vrith  nndulatincr'^incs,  across  the 
molai'  teeth,  having  no  large  cavity  in  tbe 
middle  m  you  see  in  tiie  teete  of  tha 
Afticaa  spedfls. 

The  mammoths  are  fossil  or '  extinct 

elephants  that  appear  to  have  wandered 
through  the  forests  of  this  country,  aaahw 
of  most  parts  of  Europe.  At  the  period 
when  those  gigantic  oxtinct  elephants  were 
inhabitants  of  the  laud  we  uow|K)8sess, 
this  portion  of  the  globe  had  a  aodogical 
character  altogether  difTcrcnt  from  the 
present.  Vast  hippopotami  of  tropical  cli- 
mates frequented  the  banks  of  our  rivers, 
and  their  remains  are  left  to  us  in  the 
alluvial  strata  of  newer  formntinn,  The 


legs  of  the  elephants  and  mastodoi'.s  pass  i  rhmoccros  had  to  encounter  in  om-  forest* 
down  almost  to  the  giouad— oa  the  ante-  \  huge  camivorous  quadrupeds,— as  it 
riorextremity,thehumenM.theradia8,and'i»o^^'        ^  conflict  with  them  on  the 


the  ulna,  and  on  the  ]iosterior  extremity, 
the  femuif,  the  tibia,  and  the  fibula.  Those 
stnmg  hones  being  here  so  important  as 


burning  sands  of  Africa, — lions,  tigers, 
h)'cuaj»,  wolves,  and  hitge  heaiti 

The  mammoths,  with  molares  of  vast* 


means  of  support,  arc  largely  developed,  i  able  forms,  as  in  their  existing  congeners, 
strong,  and  massive.  The  feet,  which  [  appear,  from  all  the  teeth  which  I  have 
have  five  toes  on  each  foot,  before  and  examined,  to  have  come  much  more  closely', 
hebiadf  are  short  and  strong  in  all  thcu-  in  the  forms  of  their  molares,  tothcAsiatie 
bones.  They  appear  in  the  living  state  i  species  of  elephant  than  to  the  African, 
only  like  slightly  expanded  bases  of  the  |  In  the  teeth  uf  the  mauunuth,  wc  gene' 
four  gi^at  toond  pilliM  that  support  the  |  rally  observe  that  althoo^  the  layerspasi 
ti'unk.  It  was  ncccssar}*  in  an  animal,  the  '  transversely  across  the  teeth  parallel  to 
xireight  of  which  was  so  enormous,  that  the  I  each  otiicr,  they  are  more  closely  i^' 
&Bt«rior  extxemities  of  the  fieet  or  ^ei  plied  to  each  other,  so  that  in  a  git-en 
points  of  the  toes  i^hould  be  as  near  'as !  space  of  the  tooth  there  are  actually  more 
possible  to  the  centre  of  gravity  of  each  j  laminae  in  the  nmmmoth  than  in  the 
leg.   Had  the  toes  extended  much  for-  Asiatic  clephaut.   Ihe  tusks  of  the  mam- 


for- 
wards from  the  centre  of  ea«dLpUIar,  the 
airimai  on  litiag  npon  long  tiptMs  would 


Asiatic  clephaut. 

moth,  the  incisor  teeth  in  the  upper  jsWf 
ap|iear,lFoiii  the  nmaios  of  them  thatilV 
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itili  found  in  such  abundance  in  the  most 
northem  latitudes,  to  have  been  very  long, 
and  cunrvd  in  .ahnqirt  a  dnadw  fonn  up- 
nmrds,  oioe  or  ten  feet  aometimes  m 

III  •!    .♦.      .  ■ 

f 

•SI 


len?;th,  and  sttpjiorted  by  very  long  aIveo« 
lar  sheaths  formed  by  tha  intenxuuuUuy 


The  mastodon        94)  ii  a 


•  I 


>i^tcre«tiug  and  extensive  genus,  now  eu' 
|ifel(y  eiTODct,  'which  was  very  dotcdy 

allied  in  its  general  structure  to  the  clc- 
.^bants.  It  was  a  probuscidiau  animal, 
..yrbicb  appears  to  have  lived  upon  vegeta- 
ble food  of  a  softer  or  nore  soccukuit 
kiud  than  its  congenera,  the  mammoths 
andi  eleuhanta.  The  molar  teeth  ditl'er  re- 
ma'rkably  in  the  mamminated  form  of 
their  cro'.vns  from  those  of  the  existing 
elephant  or  of  the  raammotha,  ior  w^e  find 
that  the  nomefoos  8q>ar&te  plates  that 
enter  into  the  formation  of  one  of  the  teeth 
of  the  elephant  are  sub.^titutcd  in  the  mas- 
todon by  a  continuous  crown  covered  with 
a  GOntinuoas  la}  er  of  euamel,  and  present- 
ing a  double  row  of  large  rounded  tuber- 
cles, dlspoied  generally  in  transverse 
pairs,  and  varyiug  in  their  size  and  nuui- 
her  and  airangenient  in  the  different  spe- 
cies. Covered  with  a  very  dense  layer  of 
enamel,  hard  and  thick,  those  molar  teeth 
present  in  their  upper  surface  a  series  of 
nipplc-likc  prominences,  aud  it  is  from 
this  characteri  that  the  auijuai  received 
tta  ^MBS  e£  mMtioiun  >nippU^t90tked,  in 
Greek.  There  are  separate  round  fangs 
Uisiinctly  formed  in  these  large  uiolajres» 
Biid/lod{{ed  .m! -distinct  ahreoli;  and  the 
osseoas  part  of  the  alveolus— >yoa  can  per- 
ceive from  the  polished  section  of  the 
inastodon'b  tooth  before  you — liai  pushed 
up  between  those  fangs,  and  taken  a  very 
aecuro  hold  of  the  tooth.  It  is  t  hietly 
from  tiie  diA'erent  forms  of  the  crowns  oi 
tbeeeuiolar  teeth,  which  are  the  most  va^ 
riablc!  of  all  parts  in  the  maniuioths  and 
niustodons,  according  to  age,  se.v,  the  po> 
sition  ia  tbti  mouUi,  and  the  degree  of  ab- 
imoot  that  the  dKferent  species  of  these 


1  animals  liave  been  establishedj  and  it  has 
j  lately  been  pro]>osed  to  institnto  a  new 

genus  for  the  male  mastodons,  with  tusks 
in  the  lower  jaws— a  sexual  difference 
wliich  we  see  in  the  superior  tusks  of 

( the  Asmtic  elephant.  In  most  mammalia 
the  se\ii;\l  didVrcr.ce  is  most  marked  in 

;  the  development  and  forms  of  these  parts. 

i  This  new  genus  of  proboscidia  is  the  tetra- 
cridodoii.  It  woidd  be  curious  to  observe 
the  influence  of  these  enormous  incisor 
tudcs  upon  each  other  hi  the  opposite 
jaw^s,  if  developed  both  above  and  below 
at  the  same  time.  The  inferior  tusks  of 
the  baOf/russa  appear  to  have  bent  up  the 
alveoU  of  the  a(4>erior  tusks,  and  made 
these  superior  canine  teeth  to  iirch  ti[)- 
wards  over  the  eyes.  The  molai-  teeth  of 
the  mastodons  make  a  nearer  approach  to 
those  of  the  liippO])Otanti,  the  tapirs,  the 
babyrussa:^  and  the  hog  tribe,  than  to 
those  of  the  elephant  and  mainnioth,  iu 
their  mammillated  crown  and  their  fangs. 
Wc  might  trace  a  dijreroncc  in  tlie  food 
and  habits,  from  the  diflereuce  of  form  iu 
the  teeth  of  these  proboscidian  animals. 
By  inspectiuc:  the  wide  layers  of  the  molar 
teeth  of  the  African  elephant,  you  can  dis- 
tinctly perceive  that,  from  the  distance  to 
which  the  component  lamimc  of  these 
teeth  are  thrown  from  each  other  by  the 
development  of  the  middle  dilated  angu- 
lar portions,  there  is  iiroportionally  a 
smaller  quantity  of  enamelled  surface  in  a 
given  space  of  the  tooth  in  the  African 
elephant  than  there  is  in  the  Asiatic^  and 
still  1(  ss  than  in  the  mammoths.  The 
parallel  direction  of  the  layers  of  enamel 
in  the  Asiatic  species,  and  in  the  nume"* 
rous  extinct'  spedcs,  their  compressed 
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fimns  bring  a  greater  miiBber  of  Uyera 

of  enamel  within  a  given  space.  But  it 
was  greatest  in  the  mammoth.  In  the 
mumnoth,  in  tlie  qiaca  say  of  three 
fnchos  of  the  crown  of  the  tooth,  there 

was  a  greater  number  of  successive  plates 
of  enamel.   The  enamel  is  the  hardest  I 
part  of  these  tectli,  most  employed  in  ( 
grindiiirr  dn\vn  the  l)ranche8  of  the  trees,  iH  T«»  museum  of  the  royal  c0LLV«« 
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and  most  lei^uired  where  the  food  is  most 
resisthifr.  and  moat  dense  snd'Ay.  We 

might  infer  frour  this  obvious  difference 
in  the  structui'e  of  thei>e  teeth,  that  in 
one  of  those  forma  where  the  layers 
of  enamel  arc  widest  apart,  there  is  an 
adaptation  for  food  of  a  soficr  and  more 
succulent  kind,  wliich  required  more  to 
he  bruised  and  pounded  than  to  be  filed 
and  gromul  down  ;  that  thn  Asiatic  ani- 
inal  aad  the  nuunmoth^  fed  upon  sub- 
staqces  requiring  more  the  act  of  attrition 
than  the  food  of  the  African  elephant  or 
the  extinct  family  of  nmsitodons. 

Tlie  wiiole  pioportions  of  the  skeleton  of 
these  stupendous  inhalntants  of  oinr  ancient 
f'jrcsts,  the  mastodons,  are  more  ponder- 
ous and  massive  than  those  of  the  largest 
elephants  of  Africa  or  Asia.  The  thfck- 


OF  SURRHOXS,  LON'nOW. 

Dclhcrcd  at  the  Cullege  m  1833,  Oy  '  *  ' 
SIR  CUAIILES  BELU  K.G.H.,  F.R.a 

LECTURE  V. * 

Bonk.— //»  SemibiUty—OsBiftcatUm  qf  #Jle 
ShtU  in  Health  and  Discosc ;  Rickets  and 

■  Hydrocejthuliu—Jtestorat:on  qf  Cranial 
Bam—TYeafmeni  of  Injuria  of  the 
Boiws^Dtseaiie  qf  the  hphie — Growth 
of  the  Horns  in  Deer — Formation  f^lhe' 
Sknlt. 

I  HAVK  spoken  so  much  of  the  scusi* 
bility  of  bone  without  demonstrating  to 
you  thf  source  uf  th-it  ^ensihiUty,  that  I 
am  happy  to  show  you  a  preparation, 
made  by  ^fr.  Swaw,  which  nilf  supply  ' ' 


ncss  riTvl  .strcnrrth  of  the  jaws,  the  short- !  the  deficiency.   In  this  specimen  the  n<?rr? 
©ess  aiul  breadth  of  the  ascending  ramus  f  of  the  bone  seems  to  be  enlarged,  and  it  i» 
of  the  lower  jaw,  the  magnitude  of  the  I  theretore  more  easy  of  demoMtratioa;  • 
zygomatic  arch,  and  of  the  alveoli  for  the  j  Having  examined  it,  yott  ba^  MJ^'thiM** 
superior  tnsks,  the  size  and  thicknes :  nf '  you  have  seen  with  ymirown  ^ves  a  nerro 
the  spinous  processes  of  the  dorsal  vcrtc- 1  ^oiug  into  bone,  and  you  wiU  doubtless 
hne,  the  massive  propordons  of  the  ribs,  of  recoUect  some  of  the  obs^HrViliohs  tbat  I 
fhe  scapuhc,  and  of  the  pondcrou:^  iliuf '  founded  on  this  fact, 
bonesy  the  enormous  size  of  the  humerus  |    Though  I  have  introduced  this  pr^a- 
and  femur,  the  thickness  and  comparative  1  ration  to  your  notice,  I  am  aware  rakt' 
jihortncss  of  the  liones  of  the  forearm  and 


leg,  and  also  of  the  feet,  of  the  gigantic 
mastodon,  mark  the  proportions  of  a 
■tFon^r  terrestrial  quarlmpcd  than  is 
now  found  on  the  surface  of  the  earth. 
And  indeed  the  number  of  huge  animals— 
of  otUQmaiia,  reptiles,  and  of  almost  every 
other  class — which  arc  now  met  \\\{]\  only 
in  a  fossil  state,  would  Icail  us  to  think 
ibat  -while  development  on  the  surface  of 
thb  planet  is  continually  advancing  in  the 
]^roduction  of  more  complex  organic  struc- 
turcsy  the  great  ^eras  of  gigantic  forms 
kavo  passed  away. 


MAMMOTHs.—The  skeletons  of  three 
mamroeths  are  stated  to  have  becu  iouud 
in  a  cavern  in  the  island  of  Podcese,  and 
lately  brought  to  Cronstadt  One  of  them 
tho  Empcior  Nicholas,  it  w  said,  intends 
to  send  to  the  Jmrdta  dee  Plmiesy  at  Paris. 

PcBSPiftATtoir.— Dr.  Wood  found  a 
healthy  hand  and  wrist  perspire  in  an 

hour  28.33  grains  of  fluhl.  On  this  ave- 
rage the  whole  body  yields  in  twaity-four 


you  expect  principally  to  see  plaeed»%i* 
fore  you  in  succession,  parts  of  the  col**'--i 
lection  of  Mr.  Hckter,  and  1  am  anxious  *. 
to  satisfy  that  expectalieis  MM  4Hb8  tJstf  >  »i 
to  render  justice  to  >hr  f  trrcit  mnn     I  feel^'^i 
indeed  that,  by  doing  justk'c  to  the  emiy 
nent  men  who  have  preceded  iie,'««<<M  « 
holding  up  the  best  exainjile  to  indiVi-  ■ 
duals  of  other  gencrattons)  and  furnishing  ■» 
a  high  stimtdns  to  those  who,  like  the  gen- 
tleman who  has  favoufod  ok  •witt 
lireparation,  Mr.  Swah,  nre 
themselves  in  the  cause  of  scienoe.     - »  - 
I  now  turn  to  a  speeitnen  flMtt'Mr.* 
Htnti.rVs  collection,  on  which  I  shall  in- 
duce you  to  reflect  a  little.   On  this  eoca* 
sion  I  must  Botiee,-^ifid0ed  wo>]Mr«on  can 
be  more  perfectly  awdre  of 'the 'olreaiii<' 
stance  than  one  who  attempts  niyjpr«^ 
sent  task,— the  want  of  the  means  ef  A»* 
monstratin^  some  pefints,  in  the  torn* 
seum.  These  preparations  of  Mr.  Hu?fT»n 
chiefly  demonstrate  his  particular  view» 
of  tbte  sniimal  eeonomy,  and  on  Am*  cIim 
cumstanre  depends  their  value ;  ])ut  this 
occasions  vacancies  which  need  to  besup- 
Ijlicd  limBi  Mber  sources,  when  treating 
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LECTURE  XXIV. 
ON  THE  OSTEOLO(;V  OF  THE  MONOTRE- 
•  JJ^Kf*  ANIJ  i;DIlNTUi.OlIS  QLADRU- 

SoME  arc  interested  only  in  gigantic 
forms, — ^iiuge  wiitiies,  like  icebergs,  that 

{ikiugh  the  oceaa  fi>r  »  thousaud  yeais  i 
ofly  giraffe*  that  pniae  the  foliage  twenty 
feet  above  the  G:rou!!<! ;  or  the  ponderou-i 
carcases  ui  elephants,  rhiiioceio«c8,  auU 
•hippopotamL  The  gtolagilk  if  kwt  in  ad- 
miration of  the  enormous  bones  of  mam* 
moths  and  maAtodona  and  raegatheria,  as 
the  majestic  remains  of  a  past  and  grander 
era  of  the  earth's  history,  when  the  polar 
regions,  now  bound  up  in  tlii(lc-ril)he(l 
ice,  eujoyed  th^cliuiate  auU  vck^ctutiuu  ul 
the  tn^MM.  The  bones  of  the  horse  and 
the  ass,  and  of  domestic  cattle,  are  all-iui- 
portant  to  tb«  hort»einau,  and  the  farrier, 
and  thow  of  oaogenial  taste.  Most  have 
a  lively  interest  in  stnu  tuies  which  pre- 
sent an  obvious  and  fine  adjustment  to 
aone  marited  and  well-known  peculiarity 
in  the  Uving  habits  of  the  species.  The 
h<jman  anatomist  and  physiologist  derives 
liit>  iUustrations  chiefly  from  ttiose  intel- 
ligible structurte  which  approach  nearest 
to  the  human  type.  Some  eagerly  look 
into  ooiuplex  structures,  with  the  hope  of 
dbMfcr^ng  aaoiaalong  parts,  or  peculiar 

No. 


fennatloii^  to  mystify  the  study,  while  the 
philosophy  of  anatomy  ia  chiefly  occupied 

in  rcducine:  apparent  exceptions  to  the 
general  laws  of  development,  and  in  de- 
monstrating a  unity  of  plan  tbronghoat 
all  the  grades  of  animal  organization. 

Great  interest  was  attached  at  an  early 
period  to  the  atady  of  the  vumoirtnuUont 
animals,  from  a  notion  that  they  presented 
something  altogether  anomalous  and  pe- 
culiar in  theii"  structure,  nut,  according 
with  the  characters  i^ssigned  by  zoologists 
to  ttieir  principal  subdiviijions  of  the  ani- 
mal kmgdom.  At  length,  however,  it  was 
imagined,  that  as  there  are  Urds  and 
reptiles,  ostriches'  ati  l  crocodiles,  which 
present  striking  a]ipro.\iuiatious  to  the 
mammaHa,  there  might  be  mammalia 
which  present  affinities  to  inferior  classes ; 
and  these  approximations  to  birds  and 
reptiles  were  found  in  the  peculiarities  of 
the  ornithorhyncus  and  echidna.  With 
a  divided  uterus  like  oviparous  animals,  it 
was  imagined  that  these  edentulous  genera 
of  New  Holland  most  lay  eggs  like  a  bird 
or  a  reptile,  till  it  was  observed,  that  as 
we  descend  through  the  inferior  niam- 
iualia,  as  the  rununantia,  the  uteruv  be- 
comes more  and  more  compleldy  divide^ 
aud  at  length,  in  the  lower  rodcntia,  ns 
in  the  rabbit,  it  is  cleft  throughout  its 
wh<^  extent,  as  in  the  wmairemM  and 
martupiaiiOf  without  entirely  altering  tlieir 
viviparous  mode  of  generation.  And  from 
having  no  nipples,  it  was  supposed  that 
the  monoirema  had  no  mammar}'  glands, 
till  the  investif^ations  of  Mkckkl  and 
Grofiuov  SAiNT-HiLAiuK  demontitrated 
the  existence  and  the  Structure  and  all  the 
relatioii^  of  ilicse  organs,  and  several  ob- 
servers iu  .New  Uolland  showed  that  they 
secreted  milk.  The  divided  katm  ot  tlie 
uterus  seen  in  the  monotrenia  and  other 
inferior  mammalia^  and  which  extends 
through  a  part  of  the  vagina  in  the  nmr- 
supialia,  is  die  oomauMi  form  presented 
by  thia  organ  in  our  Species,  and  the  rest 
of  the  cluj^ii,  at  an  eaily  period  of  their 
development,  and  it  sometimes  retains 
this  emhiyo  form,  as  a  monstrosity,  la  the 
adult  state.  Most  monstoosities  (insist  of 
such  fstafdtd  devdopmenta. 
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TioB  order,  monotrema,  is  one  which 
comprehends  only  two  f^enera  of  quad- 
ruueds,  which  are  reiiuu'kaU>le  for  their 
iunrinltjr  of  dcwIaiMDMnt;  th^r  nmlliiess, 
their  rarity,  and  from  their  hiding  confined 
to  one  isolated  and  i*emote  part  on  the 
BMrface  of  this  globe,  New  Utrfland  and 
Ymi  IMemen's  Land.  ThB  onilliHirbyn- 
CM  and  the  echidna  compose  alone  this 
Mttle  order  monotrema,  which  hax  received 
ttti  IMBM  fton  theit  haviaf  ha|  a  ilngle 
pajBsoge  WK  tha  nolil  aiw  tbe  vaginal 

tiMUr  geticrative  tystem,  we  dbienre  nutty 

chkracters  which  indicate  affinities  with 
lower  tril>cs  of  vertebrata.  One  of  those 
twfciuis  of  the  TOonotremii*  the  mrmUho- 
rhynettg  {Fig.  95),  belongs  to  an  aquatic 
animal,  inhabiting  chiefly  the  banks  of 
T^VBtSf  mA  '  twhmiifaig  a1lioiit"fof  its  feoA 
and  for  safety  in  the  watxir.  In  the  other 
form,  the  echidna  (Fig.  96),  we  observe  the 
tkeleton  of  aland  animal  feeding  upon  the 

.  -         i,  .  ,  ...  ,  Fig 


same  kind  of  food  with  the  aqnatic  speciei^ 
consisting  (chiefly  of  insectt,  but  obteinin^ 
that  food  in  a  very  different  aittntknu  39^1 
ediidna  po98e98e«»  lAtmtiau^  wmn  uiuiww 
rous  affinities  with  the  other  cdcntskmi 
land  quadrupe<i9.  The  ormtborhynoaa? 
poateiBes  af&nitics  wkh^  tlia>  nanp  evdar^ 
and  soma  4iitmial«iUbBlitoa'4rifli>aqMfi^ 
birds. 

In  the  omithorbynciis  ^Mg4  .M},  .iiitti 
IPfietes  af  Unralntt^wifa  n.*aat^mbo^ 

and  diaphonous  appearance,  az»d  the  whoW' 
head  has  tbe  lengthened,  depressed,' andi 
flattenad  form  whiiah  we  observe  in  diMMf 
and  in  many  aquatic  birds  for  cutting*IIUP 
water  and  seizing  their  prey.  This  length-^ 
ened  and  extended  form  oCthe  head  is  pro-e- 
duced parti/ liytlMloiigiMdffealaxleiisiBa; 
of  the  tapering  cranial  cavity,  and  by  the 
extension  and  divergence  of  the  bones  ol^ 
the  foeei  llia«iratMresf  aa*1n  Wkh^wmi^ 
disappear  all  over  the  cranium  and  the 
face.  The  intermaxillary  bones  (Fig  9&,a)< 
in  the  ornitbociiyncus  are  of  g^ealstefjuidi 

(  'Mil'  .buuon^ 


length,  diverge  to  a  considerable  extent, 
and  present  an  inoarvatied,  hook-like^  free 
termination.  This  hroad  expanded  form 
they  have  to  give  support  to  the  upper 
flat  homy  bill,  formed  so  much  like  that  of 
a  duck,  or  mallard,  with  seriated  or  den- 
tknilated margins.  There  are  no  teeth  ex- 
cepting in  the  back  part  of  the  upper  and 
lower  jaws  ;  and  those  teeth  consist  of 
shallow  thin  crowns  of  a  homy  texture, 
without  fangs  and  without  ossiftc  matter. 
There  hra  two  of  those  radimeirtary  teeth 
on  each  side  of  the  njjper,  and  two  on  each 
side  of  the  lower  jaw,  which  are  sufficiently 
strong  and  dense  to  bmise  the  soft  worms 
and  lams  foond  on  tlia  nnddf  banks  of 
rivers. 

Thus  we  observe,  that  the  whole  form 
and  the  rapid  anchyloris  of  the  bones  hf 

the  head  correspond  in  the  ornithorhju- 
cus  with  the  solid  parts  of  the  head  of 
bfards,  and  -Uiat  tirfs  lengthened  fonn  de- 
])end8  upon  the  development  of  those 
bones  upon  which  the  lengthened  fonn 
of  the  l»»d  in  birds  depends.  The  in- 
termaxiUary  bones,  Htu  upi^er  jaw-bones, 
and  the  palatine  bones,  which  we  see  here 
anchjdosed  together  in  the  ornithorhyncus, 
0im  (■avan|nKiis  wsmtOM 


and  laterally  for  the  support  of  the  lNrc|ad( 
soft,  serrated,  homy  bilL  As  -ift  '^^m, 
there  are  true  teeMi  neither  in  th^  upper' 
nor  in  the  lo>\'er  jaw,  of  a  solid  earthy  na- 
ture; and,  their  bruising  instruments,  of  a 
homy  texture,  which  imitate  the  orOWllS- 
nf  the  teeth  of  quadrnpeds  placed  upon 
the  back  part  of  the  jaws,  have  not 
ebaraetart  iirMdi  beknigtn  otdlmUym^'- 
either  in  their  chemical  MBBfNMBlcm,  or 
in  their  form;  for  they  eontist  solely  of 
thin  flat  crowns  of  a  homy  textttfre,  like  tib^ 
dental  system  of  the  MifM,  and  ofbird«, 
and  all  the  chelonian  reptiles.  The  whole 
margins  of  the  jaws,  being  here  deeplir 
and  TCgoMf  savMMdt  wtn»  di*«rgiMI<ar 


prehension,  as  wt  mmftPVOM mUTfiiM 

swimming  birds.  •     '<<  •^t-. 

The  eyes  and  the  orbits  are  small,  both 
in  the  echidMia  (Mt.      andin  worttf- 

^96        .    .  .„„!. 
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tborhyncus.   The  orbits  afidtfie  temporal 
in  both  are  united ;  no  circle  of  bone 
enooo^aues  the  edge  of  the  orbit  in 
nnioML-  In  fitx»  of  the  transverse 

HIS  flepturo,  Mrnich  we  see  in  carni- 
XOffOM  quadrupeds  separating  the  hernia 
iqiteee  ol^  tlMc:bfaiii  uam  the  oerahelliim, 

an  ossified  tentorium,  wc  find  in  the  orni- 
therhjrneus'  that  there  is  a  longitudinal 
jjbtn  dewynding  along  the  interior  of  the 
skull,  like  an  ossified  fab:  of  the  dura  ma- 
ter exteiidhig  between  tUe  heuiispheres  of 
the  brain.  '1,'he  temporul  fossa  is  large  in 
oaiiithorhyiigiityhntvery  small  in  echidna, 
uhere  there  are  no  teeth  of  any  kind  in 
either  jaw.  There  are  in  both  aaiuials 
tMtiolnig  taperkig  passages,  at  itt  Urds, 
for  the  olfactory  nerv  es,  and  the  cribriform 
plate  of  the  ethmoid  bone  is  of  rcniai*k- 
aUe^eiUbent  in  the  echidna,  as  also  the  tur- 
Uidatid  portion  of  that  bone,  ebowing  its 
extensive  and  acute  organ  of  smell,  for  the 
perception  of  its  food  concealed  under 
gvound.  The  longitadinal  oMifted  fiOz  ce- 
rebri is  not  dcrdoped  in  echidna,  which 
has  the  skuli^uchywre  thin,  smooth,  and 
fUaphonous,  than  in  omitborbyncus.  In 
bo^h  anim^  the  occipital  foramen  is  pro- 
longed upwards  upon  the  back  part  of  the 
head  j>y  anarrow  arched  contiiiuation.  This 
foifimen  is  of  great  size,  and  both  have  a 
▼ery  extensive  double  condyle  of  the  oc- 
4dpital.bou&  not  a  single  condyle  as  in 
hinb.  The  lower  jav  in  both  animals  has 
extensive  mobiUty,  with  the  condyle  and 
itaglfKeoi4  cavity  d^-ccted  longitudinally. 
T||e  .two  sideti  of  the  lower  jaw  iu  omi- 
tecurhyncus.  unite,  for  strength,  by  then- 
base,  but  diverge  from  each  other  at  the 


the  head.  There  is  considerable  mobility 
allowed  in  the  back  pai  t  of  the  column, 
laterally  in  ornithorhyncus,  and  anteriorly 
in  echidna. 

The  most  remarkable  character  in  the 
skeleton  is,  probably,  that  which  we  ob* 
serve  on  the  antdior  part  ci  the  tronlt^ 
both  in  the  echidna  and  in  the  ornitho- 
rhyncus.  The  clavicles  {j^ig.  Hi,  i)  de* 
„  Q.    aoending  mm.  tiie  Kapula 
"  9'  ^'     upon  each  side,  meet  and 
^'  '-j^ff  extend  on  the  median  plane, 
e^-^/l>^J    like  those  of  a  bird,  andare 
f^i,,-fXlf '  firmly  anchylosed  to  each 
other,  and  united 


ex 


to 


the 
A). 


8ympiiyiii«,  ifu  the  support  ol  the  broad  <  cctocea. 


sternum  ( Fig.  97»  g  g 
Tlie  scapula,  which  M  great- 
ly developed  in  the  echidua 
in  its  postei  ior  pai-t,  so  far  resembles  that 
of  the  ordinary  digging  quadrupeds ;  but 
the  scapula  of  boHl  those  monotrematous 
animals,  like  the  scapula  of  the  bird, 
reaches  down  to  the  sternum,  after  form- 
ing the  glenoid  cavity  {Fig.  97,  d  e),  and 
takes  a  firm  attacbincnt  on  each  side  to 
that  That  is  a  character  which  we 

have  teen  oommon  in  birds,  and  most 
oviparous  voi'tebrata.  The  ribs  passing 
downwards,  slender  in  ornithorhyncus', 
and  strong  in  echidna  as  iu  ant-eaters, 
reach  the  sternal  appendices  {Fig.  95,  e  «), 
where  we  observe  an  articulation,  and 
they  continue  ossified  from  that  joint  to 
the  sides  of  the  sternum.  That  is  a  cha* 
racter  which  we  have  seen  necessary  in 
the  skeleton  of  birds ;  but  it  is  not  pecu* 
liar  to  the  monotrematous  animals  among 
the  mammalia,  for  we  see  it  in  other 
edentulous  animals;  we  see  it  among  the 


iQwei^  horny  hill.  The  iace  of  the  omi- 1  The  peculiar  characters  which  I  have 
thochyncus,  notwithstanding  its  black  co-  just  mentioned  tu  you  in  the  skeletons  of 
IqWB,  like  horn,  possesses  great  softness  i  these  small  animals,  as  common  to  them 
8«i44!^nsthiU^«  ami  is  hrgely  supplied  by 'with  birds,  indicate  affinities  not  merely 

tQ#  second  and  third  branches  of  the  fifth  with  that  class,  but  generally  with  infe- 
pair  of  nerves,  and  the  tongue  of  this  ani-  '  rior  groups  of  vertebrata.  The  analogy 
mal  is  sliurt  and  fl,c3hy.   At  the  period  of  ought  naturally  to  be  .strongest  and  most- 


laotetion,  the  face  of  the  ornithorhyncus  is  j  obvioua  with  the  next  lower  stage  of  < 
snort,  broa<l,  soft,  and  fleshy,  with  the !  tcbrata— that  of  l)inls  — because  they  are 
pliant,  as  in  oUtcr  mamutalia.  .  j  ^^'^  reptiles,  aud  amphibia,  and  lishes. 

'  The  neek  m  both  atiimals  is  thick,  short,  |  But  those  feraitt  which  we  look  upon  here, 

and  strong,,  and  remarkable  for  the  magiu-  and  are  ai)t  to  consider  as  affinities,  solely 
tude  of  the  atlas  and  the  axis  {Fiy.  U.),  de)A  with  the  inhabitants  of  the  air,  are  rather 


CHq^ia,Uv  tUel^oinse  and  the  spinous  pro-  \  to  be  viewed  as  marks  of.in&dority  gene 
cess  of  t^  mmik  The  neck  here  oonsi:>ts  i  rally,  than  as  any  tpedal  offintties  .with 

of  the  same  number  of  vertebra  as  iu  the  the  feathered  tribes. 

giratfe,  the  mouse,  and  other  mammalia —  1    Projecting  forwards  from  the  anterior 

seven.  We  observe  tiiat  the  processes  of 'part  of  the  pubic  bones,  you  observe,  small 

the  first  two  cervical  vertebrae  are  largely  in  the  ornithorhyncus,  and  very  large  in 


developed,  to  give  attachment  to  those 
straight  and  ohUque  ranscles  that  are  at* 
tachod  to  the  back  part  of  the  head.  The 
vertebral  column  on  the  back  part  of  the 
body  has  its  spinou^i  processes  but  small, 
there  being  ttttto  woght  to  tupport  on 


the  echidna,  two  slightly-curyed  pyra* 
midid  or  triangtthur  hones;  those  ere  tiie 

supplementary,  pubic,  or  marsupial  bones 

[Fiy.  y5,  1 1,  which  wo  see  so  constant  in 
this  position  in  the  marsupial  auimalt^ 

Thoie  boaet  we  have  ahreody  aeen  m 
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crooocinef  mH  ^ebyloted  in  tcirtoises, 

ami  they  thus  mark  an  inferiority  in 
the  i^t-ncral  character  of  the  skeleton  of 
the  nionotrcnia  and  marsupial  la.  The 
posterior  extremities  are  more  developed 
in  ornithnrhynctis,  and  more  useful  to 
the  axiinial  in  its  prpgressioa  through 
the  vater,  than  the  anterior,  and  they 
ai'C  more  directed  hackwards,  as  in  seals 
and  other  aquatic  mammalia.  We  saw 
Imfore,  that  in.  the  ampbibioaf  animals 
mo,  which,  like  toe  ornithorhyncus,  are 
orpranised  to  pass  a  considerable  ])art  of 
their  life  iu  the  water,  those  which  in  their 
adnlt  state  lose  the  branchisc,  as  the  frogs 
and  toads,  ha\  c  the  jiosterior  extremities 
largely  developed,  compared  with  the  an- 
tenor.  The  mmee  of  the  extremities  are 
strong,  short,  and,  for  the  most  part,  conj- 
presseid  and  expanded  in  the  echidna.  \ 
They  are  formed  in  this  animal,  on  the  j 
anterior  pait  of  the  :hody,  somewhat  lilce  | 
those  of  the  mole,  with  a  short  com])re5:sed ' 
bnmcrus,  dilated  above  and  below,  where 
tiie  origins  and  insertions  of  the  dig^g 
muscles  principally  have  place. 

The  bands  ai-e  much  more  lengthened 
and  slender  in  ihe.ormtborhyncQS  than  in 
the  echidna,  for  tiie  omithorbyncns  and 
the  echidna  have  very  different  employ- 
ments for  those  organs.  Tiie  ornitho- 
ihgmcus  being  an  aquatic  animal,  requires 
to  have  the  phalanges  of  the  feet  jnuch 
lengthened,  to  providea  long,  broad,  webbed 
tiimce  for  striking  the  water  with  effect  in 
Hwiniming;  but  the  echidna  is  a  laiul  ani- 
mal which  scrapes  the  ground  and  feeds 
upon  very  sroall  insects,  in  fact,  nearly 
the  same  kind  of  food  wUch  the  omitho- 
xhjnous  feeds  upon;  and  it  requires, 
4ierdbre,  to  have  those  extremities  short 
^sd  strong,  and  provided  ^tih  large  claws 
to  dig  the  grouiid  lilc"  most  ant-caters,  and 
like  moles  and  hedge-hogs.  There  are 
five  toes  on  all  the  feet  in  both  animals, 
and  the  difference  of  then*  living  habits  is, 
aa  usual,  most  marked  by  the  difl'erences 
in  these  members.  The  humenis  of  the 
echuina  at  its  distal  extremity  is  as  broad 
as  it  is  long,  expanding  outwards  on  both 
sides  ol  its  ctmdyles.  The  ulna  and  the 
ftbi4*  wa  remarkable  in  both  these  ani- 
malt  for  their  great  extensions  upwards 
beyond  their  accompanying  radiits  and 
tUua  at  their  proximal  extremities. 

We  observe  an  analogy  to  birds  in  the 
rapid  ossification  and  anchylosis  of  tlic 
Ikmm)S  of  the  skull,  and  in  this  head  of  an 
adalt  omithorhMicus,  evciy  suture  has 
<iis;ippeaTed,  from  the  occipital  foramen  to 
the  points  of  the  intermaxillary  bouca. 
Ton  will  observe  also  in  this  skeleton 
of  the  echidna  sctosa,  that  the  iliac  bones, 
as  in.  birds,  axe  completely  anch\-losed 
o  the  fides  of  the  sacrum.  In  bircU  tlie 


dorsal  region  of  thf  trmjji  H  ch^j; 

shielded  in  bone  by  the  expanded  form  ' 
of  their  ribs,  and  the  sternal  ribs  are 
narrow  and  admit  of  free  motion  ;  bui  in* 
the  raonotrema  the  anterior  i>art  of  tn©. 
trunk  is  chiefly  shielded  hy  the  remark- 
able expansion  of  the  sternal  ribs  {.Fig.  yi,. 
V  v),  which  present  aalmbricatedsiinuigeff' 
meiit,  those  behind  lying  over  the  exterior 
of^those  beforci  the  steminn  b^ing  >erft 
but  limited  in  itaesienti^hoDgh-withitf^ 
anterior  elements  kurgsly  developeit.  The 
marsupial  bones  met  with  here,  as  in  th^r 
quadrupeds  of  every  character  iu  Austra- 
lasia, mark  the  general  inferior  grade  ft; 
animal  development  in.'Ul«t  itolatwl  por* 
tion  of  the  globe.     *  '  • 

The  iaiierierity  seen  in  the.  ekeletoii 
the  monotroma,  is  accom])aTiicd  by  many 
well-known  peculiarities  of  their  ioterna|, 
soft  parts,  which  also  connect  them  wiMr 
inferior  grades  of  vertebrala.  Thedivid^' 
uterus,  as  in  nmrsupinlia,  where  the  vagina 
also  is  partly  bifurcated,  appf:ar^,^r4;  like, 
the  oviducts  ofWrds,  iacapafile  of 
ing  a  placental  means  of  development  to 
the  embryo.  And  their  n^auHnary 
as  you  obeerve  by  the  platcfi  «C  tR^i 
gans  dissected,  given  both  by  IjkfisCKKi,  ann 
by  GKOKKnoY  St.-Uilairb,  have  tUesim>^ 
pie  structure  and  form  of  aggi^cgsfed 
common  in  the  4ow|BSt.'or4cf},  qf.m^ff 
malia,  and  they  open  by  pores,  as  sfiowt^ 
by  GfiOKFao  V  isivljliuuRKi  aiQt  bv.i^ippl^ 
as  in  higher  manmndiiL  ,  -I;n  ins  sii^atjlpa 
and  St  met  tire  of  the  testes  an4  organ  ot 
intromission,  we  also  observo  an  anj^logn^ 
with  the  lower  classes  of  vertebrata,  and^ 
as  in  birds,  the  female  organs  are  imper* 
fertly  developed  on  the  right  side  of  the 
body,  with  the  ovaries  lbf:iue4  Uke  tb^e 
of  the  fea^red  tribes  .  AUhongb.  fi^jes^ 
moootrematous  (piadru])eds  present  so'n^ 
aiudogies  and  points  ,Qf  reseiu^)lance  •  ta 
the  9imUda,  the  low  coiidition  6f  r  u«^i; 
generative  system  conveniently  scpsgb^ti?s 
tiiem  as  a  distinct  order,  and  thiy.  are 
]>Iaced  by  TEMMI^rcK  belo\v  ceUt^e^) 
by  Gaonrnov  Sr.-liiihw^^t^it^.viia^ 
a  separate  class  between  mammalia  auq 
birds,  and,  Lasso  n  has  maU.e  theorifit^)^ 
rhyncns  an  anomalona  order  «Cbin&.  •  ' 

The  skeleton  of  tlie  true  edcntutottJt  qua- 
drupeds presents  few  dbvi^ikf tera  cvmuion 
to  the  whole  ordeh  'I^e  term  ei^4/er(<^ 
a])plieu  to  tho  anunals,  however,  of  tCii^ 
order,  refers  to  a  character  taken  from  tho 
hard  parts— the  want  of  teeth,  in  the  forjS 
part  of  the  mouth ;  and  it  is'  a  chan^i^f 
which  applies  to  sill  without  exception,— 
to  the  existing  and  to  the  ext^ut  s|H2gics. 
From  the  gigantic  megatherium '  io  tbe 
small  armadillo,  we  find  those  anirnals  to 
be  destitute  of  teeth  along  the  fore  ]).u  t  of 
tho  upper  and  lower  jaws  j  but  thcii  iiwjju|p 
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HaMti  and  thcfr  kind  of  food  difTcr  so 
itiiicfi  in  the  different  genera,  that  we 
niightr  exjx^ct  to  find  the  senerd  detaHs  of 
tl^cir  skeleton  in  other  respects  to  differ 
much.  The  deficiency  of  teeth  in  the 
Ibfc  pRf  t  of  the  month,  anA  sometimes  in 
th(^  v;hnlc  of  the  jnws,  is  accompanied 
by  commou  chamcters  in  other  parts  of 
m^'ifletetoh,  which  indicate  an  inferiority 
in  the  typt  of  these  animab.  The  skele- 
tons heloni,'i  tic:  to  thi^  e.vtcnsive  and  in- 
teresting groin),  are  those  of  the  different 
Mlidii  ar'aiift>(&tMrs  and  pant^oUns,  which 
occupy  the  lowe-'t  place  hy  their  complete 
f^dcntttloiis  character,  those  singular  lori- 
6^tteii  digging  qnadruijeds,  the  little  active 
armadilloii  of  America,  and  the  recent  and 
extinct  cloths  of  the  «amc  continent.  From 
the  suhdividcd  nature  of  the  animal  food 
of  most  of  ^le^  species,  they  require 
Rttfc  dc-vdopmcht  of  teeth,  and  their  ex- 
^fior  scaly  x;orerit»g  protects  them  against 
fb«f^yrfMs'Of'*thefr  insect  foes,  and  the 
(Tn't  tlieir  incf?sntit  digging.  The  ex- 
isting cdentttta  are  small  animals,  w  hich 
Jjyife^ettt  "few  common  characters  of  the 
tik(^6ti3n\,  hiit  «ueh  as  martc  th«  general 
WfbnOiity  of  this  gronp  of  mannnnlia. 
"'M  e  Otid  in  uiany  of  these  animals,  as 
tlM'SRfffis'  ahd  silnBadittos,  that  the  pttblc 
Wones  extend  far  backwards,  and  taper 
Wke  tftosc  of  bliiis.  and  they  only  meet  hv 
iFlMMR^^biM'bf  contact  at  the  symphysis. 
M"WUj^''KS  th^'  great  niitn^  ant-eater 
<fti'd''tWe'artriadillos  of  Americn,  the  ribs 
Expand  to  much  forwards  and  backwards, 
Ur  MlImb^  fO  Wiitfid'  the 'trunk  hi  solid 
MtkMk  ?»s  Tve  ?aw  to  he  a  common  cha- 
nlf!^  in  the  class  of  hirds,  and  still  more 
M  ilfift  cWefeifUni  tenAles. 

The  saero-lschiatic  notch  \vhich  we  saw 
converted  into  a  foramen  in  birds,  we  find 
ill  most  <iif  Ihbse  edentulous  qnadnipcds 
t6  be  agaht,  as  in  birds,  converted  into  a 
coin^lctfe  foramen.  None  of  the  animals 
(elonjg^ojg  to  this  group  possess  incisor 
feetlTbut  -orte  ^p^e«  of  armadillo,  and 
that  arniadillo,  the  (initypujt  sex-c'mcfns, 
possesses  only  two  superior  incisor  teeth, 
otie  the  back  pstrt  of  esch  intermaaril- 
Ikty  bone.  Below  that  single  incisor  on 
each  side  of  the  month,— for,  ns  I  have 
mentioned  to  you,  none,  recent  or  fossil, 
Imv^teetll  in  th^front  part  of  the  mouth,— 
mi  OTScrvc  in  the  lowpr  jaw  two  incisors. 
Tller^ore  that  species  has  four  incisors 
tMfe^  Slid  two  ahbve.  The  ofiier  edentn- 
hnis  qiiatlruped.s  arc  destitute  of  incisor 
teeth  both  above  and  below,  which  woiUd 
be  huconvenient  in  such  insect'catchcrs ; 
mbstof  them  are  destitute  of  canine  teeth, 
and  some,  ns  the  nnt-eaters^  an  destitute 
of  teeth  of  every  kind. 
*'  the  lengthenad  form  of  the  head  in  the 
^(diMMUlliN^  eoriwpondi  iridji  thekngdi- 


cncd  form  of  this  part  'vhif  h  we  sec  in 
ant-caters,  in  monotreniatous  animals, 
and  in'birifs.  Those  animals,  from  scrap-' 
ini;  the  ground  and  burrowing,  both  for 
obtaining  their  food  and  protection,  and 
for  rearing  their  young,  are  obseiTcd  to 
have  all  the  hones  of  the  extremfties,  espe- 
cially of  the  hands  and  feet,  larq;c  and  pow- 
erful, and  the  processes  wliich  maik  the 
insertion  of  the  mtiscles  prominent  and 
stronc^.  They  have  considerable  ninhilify 
in  the  trunk,  and  have  gi'cat  activity  iu 
their  Bring  habits,  although  they  are  co- 
vered externally  with  thick  homy  scales^ 
resembling  somewhat  those  of  inferior 
tribes— those  common  in  the  cold-blooded 
reptiles.  The  lumbar  vertcbrie  occupy  n 
considerable  part -of  the  vertebral  co- 
lumn, and  allow  of  considerable  extent 
of  motion.  Tlierels  consklerablo  freedom 
of  motion  in  their  long  neck,  arid  great 
force  in  the  motions  of  the  head,  with 
which  they  push  up  the  *  loose  earth. 
The  head  it  very  small  at  the  rauzjde,  the 
nasal  bones  very  lone:,  the  intermaxillririM 
remark:ihly  small  and  short,  the  frontal 
))ones  of  unusual  magnitude  and  length  ; 
the  parietals  form  but  a  narrow  bancl  be- 
tween the  long  frontals  and  the  perpen- 
dicular ocdpital  bone.  The  erbtta  titd 
continuous  with  the  temporal  foss.-e  ;  thsl 
lachrymal  bone  extends  down  over  tho 
face  and  contributes  to  lengthen  it;  thd 
malar  bone  forms  a  long  narrow  arch^ 
bounding  the  inferior  margin  of  the  orbit. 
From  the  length  and  feebleness  of  tho 
jaws,  the  temporal  fossB  are  tmall  but 
comidetc,  and  the  surface  of  the  cranhim 
is  rounded  and  smooth  in  all  the  speciea 
of  these  armadilkw. 

The  neck  is  lengthened  and  strong,  an(f 
presents  the  singidar  character  of  having 
the  axis,  and  two  or  three  of  tho  succeed^ 
ing  vertebra?,  anchylosed  together  fiotrf 
an  early  period.  The  spinous  processes 
of  these  anchylosed  cervical  vertcbrte 
form  an  elevated  contihuoos  erest  of 
bone,  and  tho  spinous  processes  of  all 
the  dorsal  and  Imnbar  vertcbtte  are  re- 
markaMe  for  thefi*  length  and  strength. 
The  ribs  are  so  broad  as  almost  to  meet 
each  other.  The  pelvis  is  remarkable  for 
the  lengthened  fonn  of  the  iliac  bones,  an- 
chylosed to  the  sacrum,  and  th^  lOtlgl- 
tui'linal  direction.  The  pubic  bones  meet 
by  a  very  narrow  symphysis.  The  sca- 
pulas are  of  great  else,  as  In  other  digghig 
qiiadrnpeds.  The  clavich-5,  which  are  pre- 
sent in  the  edeutata,as  in  the  monotrcma, 
arc  here  long  and  strong,  passing  from 
the  long  acromion  of  the  scapula  to  the 
side  of  the  broad  anterior  element  of  the 
sternum.  The  radius  and  ulna  are  fixed 
In  a  state  of  pronation,  and  the  fibld»  li 
atlchjfloeed  w  llw  tibia.  Tha  oioQAMn 
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trunk  ihey  cover.  It  appears  to  be  an 

advantage  to  these  animals  to  have  their 
exterior  surface  covered  in  that  luauner 

.  i/ith  a  ■olwtance  ivlilclk  is  not  calculated 
to  collect  or  retain  any  quantity  uf  the 
earthy  matter  they  arc  constantly  dif^jging. 
Bui,  feeding  upou  insects  which  have  their 
means  of  defence  generally  in  tlie  form  of 
stings,  we  find  it  is  also  an  appropriate 
proviiiiQn  for  that  kind  of  living  food. 
Hereb  in  the  fiwnuv,  there  are  scales  thnmn 
over  the  exterior  of  the  hody,  which  would 
defy  the  buzziugs  and  diu  ts  of  a  thou^iand 
wa^ips.  It  might  pursue  its  avocations 
without  fear  of  stil^  peifonthig  through 
its  texture.  Thus  wc  can  see  that  this 
eacternaJ.  dense  scaly  remuant  of  an  infe- 
rior scaly  tribe  of  vertebrata^  which  has  got 
thus  high  in  the  clas«?  nmminalia,  is  here 

,  weserved  for  the  wisest  of  purposes,  aud 
itt  maxxy  ways,  usefiil  to  uiese  animals, 

,^fi4>  to  those  of  similar  living  ha1)its.  The 

■  mtsgatherii^u  itself  appears  to  have  been 
such  a  dipping  loricated  animal,  aud  in 
many  oi"  it»  booes  resembles  the  aima- 

.■,Tbi%  Urge  ant-eater  of  the  Cape  of 


of  fte.  vhiA  is  eoormoiti, -  M  in  fllherlBtMi|»fl«^mM«^4lie 

scraping  animals,  and  the  calcaneum  pro- 1  vical  and  lumbar  regiont;  of  its  skplotnn 
jects  backwards  to  a  great  extent.  Tlie  '  are  lengthened  and  flexible,  the  |ibs  nai- 
feet  arc  remarkable  iu  these  sjieciea  for  i  row  and  slender,  the  sj'rophysia  of  the 
unequal  developnenl  of  the  tofl%  aodiplAii  broad,  and  the  sacro-sciali^  4atch 
the  magnitude  of  the  ungual  phalanges  and  '  is  Oj^exk;  the  fibula  and  the  ulna  are  de- 
the  claws.  These  ungual  pUalauges  are  j  vdoped  throughout,  and  free,  with  the  de* 
not  deft  at  thdr  points,  as  in  tb«fiMMir,|cranoa  itf  modente  length.  Though,  noi 
but  arc  generally  formed  into  sheaths  at  provided  with  s  -ales,  nor  is'ith  a  hm^h 
their  baae,.a8  in  the  myrmeoopbaga,  the  upon  its  tail,  the  coi  cygeal  veitebr^  aip 
bradypunt  the  mtg^/kei^ium,  and  many  of ,  extended  to  a  great  length,  and  have  t^ir 
!flie  l^ge  camhora.  So  that  they  have  i  superior  and  inferior  jppinous  prooesibs» 
powerfiU  instruments,  which  they  use  and  their  transverse  process,  of  great 
witli  great  agility  and  force, — instruments  leugth.  ,  .  ,  .  ' 
with  which  they  dig  up  «nd  puraue  thej  To  support  this  great  carcass 
insects  and  the  worms,  or  uncover  the  |  hog,  as  it  is  commonly  c  ailed,  Lmmen*.e 
roots  in  the  ground*  You  will  observe,  i  numbers  of  those  niinuie  insects  uu  wliicU 
upon  looking  at  the  manner  in  which  the  { it  feeds  must  he  required.  This  orycte' 
large  hands  of  scales 'are  disposed  over'ropw-*  has  the  extreaiitica  much  .shorter, 
the  back  of  these  animals,  that  although  thicker,  and  stronger  than  they  ace  ij)i(thie 
they  are  shielded  by  transverse  layers  of  ant-cater  of  America.  It  scrapes^^n^  hiur; 
solid  scales,  the  scales  are  imbricated,  or  rows,  and  digs,  the  soft  and,  loose 
fall  over  each  other,  so  that  they  do  not  the  southern  pjirts  of  AfVira,  and  is  tl\effO^ 
impede  the  niotious  of  the  x>art  of  the  fore  provided  with  those  lai-ge  and  pf^MffBT* 

M  clawi^  Uke  hoofs,whicfa  are  lapi^iy  i^iera 
down  in  that  cniployment.  ^Vi^h  a  length- 
ened roimdjnu^e  aud  lengthened  jaws,  it 
has,  like  tlie  ant-eateip}  of  America,a  slender 
lengthened,  filiform  tonguoi.^hich  it  eiu- 
ploj-s  in  the  same  manii<  r.  to  collect  and 
seize  large  quautitieaui  Mnall  insects,  Jbo 
bones  of  ks  arms  and  hands  are  ui^' 
larger  and  stronger  than  in  tlie  Aiiieriean 
ant-eater.  We  wouhl  infei  Irpm  t^i^tifiiij- 
cumstance  that  the  moving  hills  c|f,i^0se 
expose  1  ants  are  the  ( 1  i  t'li  n-d  of  the  Auic- 
rican  species,  while  the  Uape  ant-taitor, 
however,  requires  to  di.:^  tlie  .^oil  for  the 
food  wliLch  it  has  to  obtain.  Ihts  pio- 
portion  of  all  the  boncB  of  its  bead,  nfxk, 
and  extremities,  are  miu  b,fMvni^-j^  U  is 
probable  also  that  the  IdndH^t^Mmoiiivon 
which  it  feed:?  are  of  a  larger  and  ^^aser 
chai'acter,  for  it  has  se\  eu  molar 
esch  side  of  the  upper  jaw,  and  sixoi^eiidi 
side  of  the  lower  jaw.  So  that  thobe.^^e* 
culiarities  of  the  skeli  tim  are  accompanied 
by  corresponding  itccuUarities  tk^tU^us* 
cular  and  other  soft  p9Ct%ir  a^dcvj^^to 
whole  living  habits.  ;  .1. 

In  the  skeletons  of.  %h9^sfia^  fnamift  the 
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tope,  or  the  orycteropus  ca/;e»»i>,  j  pangolins  of  Alrica  aad^e  vast,  we  ob- 

notwithstanding  its  hulk,  feeds  only  on)  serve  no  teeth  whatever,  either  in  tUtir 


yisccts,  and  has  neither  incisors  nor  ca- 
Bilie  teeth  in  its  long  narrow  javnf.  The 
Oat  crowns  of  its  molar  teeth,  which  arc 
formed  as  if  by  the  junction  longitudinally 
9f  two  round  tubular  teeth,  ai^  studded 
•round  their  margin  with  the  projecting 
ends  of  numerous  very  minute  parallel 
l^erpendicuiar  tubes  of  euamel,  which  pre- 
Wfv^  tibe  neoesssry  roughness  of  the 
crown  of  the  tooth,  for  the  kinds  of  insects 
it  feeds  o;i  in  the  sandy  wastes  of  Africa 


deep  upper  jaw-bon^s  or  in  theii'  thin 
slender  lower-ja^a.  Their  nasal  and  firon- 
tal  bones  aro  of  gmfe length  and  breadth, 

the  orbits  arc  continuous  with  the  8iuall 
temporal  fossic,  and  the  zyKQiuaticju'ch  i* 
deficient  in  its  middle.  n^-who|$»i9ler- 
tebral  column  is  here  strong  in  all  its  pro- 
portions, aud  the  qervical  and  lumbar  ;rc- 
gbns  arc  long  and  flexible*.  Hie  SCi^wht 
and  the  ribs  are  broad  aud  UKiQsivc  in  their 
forms,  as  are  all  the  )><  m,  v  of  LU«u:.>ax* 


it  has  uuic  o^iticit  with  ordinary  mam- 1  tremities,  especially  ol  u^i^  uaiuk  ^t. 
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frn||Mfqr?<aeit,  so  aa  to  give  snppdit  and 

'  Mfdlgth  to  the  large  digging  cl^ws. 
: :  :  ^ho  fi«a^  ant-eater  of  Ameiica,  the  myr- 
d->«ill|il(iiijiiliii        98),]Mt  dnDrt  the 


those  anunals,  foUowing  their  inpetistlble 
coarse^-       obnUI  its  grretttMAl)^ 

I>oried  ?  Its  insect  food  is  not,  like  the 
verdure  of  the  plaias,  eternally  before  it  i 
it  litt  efteli  to  ymi^  fut  a  <soiitiderftbl6 

time,— -often  to  me  powerftil  exertions  to 
get  it;  and  then  when  it  is  present,  all  the 
insects  anxiously  making  their  cscap^  it 
is  busily  engsiged,  not  in  masticating  iniat 
is  already  rcflnrcd  to  soft  particles,  but  in 
collecting  together  and  in  swallowing  the 
myrfnAa  df  thoee  mfniit^  Anlmdi  C6all  ihr^ 
roimd  it.  It  is,  therefore,  a  wise  provision 
to  deprive  it  of  those  instruments,  which 
Vrotild  be  not  only  useless  but  most  in- 


hqad  of  a  bird  on  the  tnmk  of  a  quadruped. 
:  ^ii5A'^-*«**8»'*x>*^  above  and  below,  have 

j$  lengthened,  slender,  curved  fonn,  andljurious  to  it,  for  if  it  had  tiien 
"  ^rtre  totally  destitute  of  teeth.    We  might,  instincts  ^vhich  would  necessarilv  acrom- 

IMK>n  looking  at  such  a  structure  as  we 
'^'WI^F'siBIK  tlW^fMMtiailiid  Mit-ester  of 

the  new  cofnfinent,  imagine  that  this  was 
'  A  defect  in  the  organizatibn  of  the  animal, 
ni'  Wil  It  mint       b«en  iMe  to  Imrfse  and 

-  ifi^fetibate  it!i  IbM  bettet  if  it  had  been 

-  ^ttJviiicfl  even  wlt^  the  horny  stumps 
■  '%hich  we  see  in  the  jaws  of  the  homy- 
-(^Wed  biiiAthotfliyiicus.  When  we  look 

*'  (MVtei*,  however,  into  this  matter,  what  at!  coronoid  process,  as  there  is  rn 
i^  totii  lippeared  a  defect  becomes  a  beauty  1  matic  arch,  and  tapering  upwards  and  back- 
'0^#A'>M)lldefftl  ridA)itdtion  to  its  1iving|wai^totermliiateiiiitaartienl«r'e6n#fl«* 

'^''Tfcatyttil  Large,  atid  beautiful  in  its  fleece,  as  Its  iurormaxillaries  {Ftf,  $8,  <i)  are  re- 
'Jf'iftdS  qnadruped  is,  it  feeds  upon  ants  and  the 
1Wal»0«t  bisects.  It  is  ttieantagonist  which 
f^^ABtUH!  has  provided  for  those  pests  of  tro- 

-  f^ittrf  clTftiiiteH,  the  movihg  hills  of  ants.  The 
^^^ibk'o^  tl^ik  quadruped  is,  consequently, 
'^lilMiyfHlHdedi  by  Itb  KUrture,  into  parts 

^nfficiently  mimltc  tohc  dijrestod  and  acted 
Vipoa.  etutily  by  the  coats  of  the  stomach, 
-<^lBiA     tli«'fi«d»Bnmght  intothBt  cavity. 
.  IV  ^^liir^»  no  further  subdivision,  being 
^ready  c^mpo^ed  of  extremely  minute 


pany  their  possession,  it  would  be  occupied 
in  mnnciilng  irith  its  long  bNl'like  jkws 

at  a  few  small  ants,  while  the  mass  of 
food  for  the  support  of  its  great  carcass, 
would  bavo  moved  on,  dispersed,  and  dis- 
appeared. 

Its  lower  jaw,  slender  and  toothless  as 
that  of  on  echidna,  is  bent  downwards  to 
its  food,  and  has  its  ramus  short,  wMkirait 

/ypo- 


markably  minute  and  short  bones,  and  the 
long  muzzle  is  formed  chiefly  by  the  pro- 
longed nasal  and  slender  upper  jaw-bbifes. 
The  lachrymal  and  malar  bones  are  pe- 
culiarly small,  and  there  is  a  great  vacant 
space  between  the  malar  bone  aiid  the 
large,  short,  zygomatic  process  of  the  tem- 
poral. The  anchylosed  frontsds  extend 
aboQt  batf  ^e  length  of  the  bead,  and 
the  atichylosed  parietals  form  but  a  Har- 
row band  behind  them.  The  ])alatlne 
b(me9  bclov/  are  not  much  shorter  than 
the  frontals.    The  seven  free  cervical 


•f  ]karts;  and  of  a  soft  consistence.  The 
~  tdngnd'hai  a  lengtlieiie^  dender,  cylin- 

dfical,  tftperinc;  form,  corresjxinding  with  i  vertebne  form  a  long  and  flexible  neck, 
the  lengthened  and  feeble  form  of  the  i  and  strong  by  the  development  of  all 
'  InffiEidi^  wfd 'ft  cdn  btf  thmst  to  a  eon-  tbeir  procemes.    The  spinodi  ptMMiftes 
■^illdcfnhle  distance,  like  a  long  convoluted  i  indeed  of  all  the  vertebrae  are  here  large 
-'<t%>orin,  from  the  mouth,  covered  with  a !  and  strong,  from  the  long-crested  ajrin  to 


the  middle  of  the  lengthened  tail,  and  the 
transverse  and  the  inferior  spinoti^'flto- 

ceff^es  of  the  fail  are  as  large  as  ihc  ku • 


'(^tctlikm^  •m€doA -to  Wbicb   the  ants 
adhere.   It  is  qidckly  withdrawn  into  the 
•^^^nllllth  ^vhen  cov^r^dnfrith  ants;  the  ani- 

-'^^Ml^seixes  the  ants,  swallows  them,  and  i  perior.  The  tail  in  the  Ui'ing  animal  i:i 
'  iHelns^HiieBt  Iftilt^  Itm  again,  ready  covered  with  long  flb*ll^  W;-  M'^fbat 

•  fbr  fc  fresh  sU^iply.  Btrt  supposing  that  j  altbouj^h  this  bcantifiil  ahimal  is  hot 
''■tlitobe  animals  bad  the  instruments  of  mas- ' 

Mtkl^t^i^^f  ^■WMUl  ^LJ^d^l^  ^^^^^^^  JLm^kmmm 

'^^nSllDlw  »TirBW  HUltUaiB  pOSflCSS  Bn  riiwu  u- 

'^iwent,  "Whether  an  instinct  originates 


shielded  in  a  coat  of  mail  likb  most  of  it;; 
tnrder,  It  has  bere  a  paracbutli  tb  hb^d^  it 
ftnm  the  i^corcbins  ami,  Ok'tb  fan  Its  belled 
ifhereby  or  accompanies  it,  we  see  that '  body,  a  l)ni«<h  to  sweep  the  da<t  a\t^,  and 


•that  instrument  is  exerted  and  em- 
'^ifdei^d.   Had  mit  tetmal,  then,  teeth,  or 

Tnasticatinf?  orj^ns,  and  if  it  employed  its 


'  time^  and  ita  long  jaws,  and  its  lai-gebulk,   ,   ^   , 

rNI  lidifrti  ^Odffturtgi  at  a  ftiw  smalt  anta^ ' m  as  to'rthMd  fts  trntile  in  HKc^tbat 


a  cai-o-nine-tails  to  whip  the  htizidng 
myriads  from  aroimd  it.  '    '''  ' 

Itf  hroad  and  strong  ribs  extend  nbno^t 
to  the  pelvis,  and  nearly  touch  each  other. 


ffci/ed  by  its  filiform  tongue,  when  sur- '  of  a  bird  or  a  tortoise.    Its  scapulai  of 

Yotmded'  by  moving  hotta  and  billB  of |  great  «i»>  and  aa  broad  as.  long^  abowa 
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the  power  of  the  muscles  which  more  the  ]  There  arc  four  c^nme  feet^iin  ftie-lAv^t<>«tf 
Jiead  of  the  humerus,  and  i^.has  a  lon^i  bradjfpus.  The  muzzle  in  the  ai  appeanj 
I»ird4ike  tacnun'  and  pelvi)!.  The  !Knie>|more  suddenly  truncated  than  in  the  ttm^ 
'of  the  extremities  combine  lightness  with  toed  species.    We  observe  in  both  spedei 

the  malar  bone,  instead  of  completfog^ik 
zygoma«fi!»  ttn^,  iBetfi<9fng  down  ttUngmu^ 
cd,  broad,  and  sti  oncr  ]>rnet<ss  (Fi^.  99)  « 
to  d},  extending  almost  to  the  lev^  of  tb« 


^^rcngtb.  .being  comparfitiyeljf, , slender, 
1butSiin43^         processes  IliriBrtai^^ 
tachm^^.   It  nas  the  same  nncqual  de- 
velopment of  the  fingers  which  we  see  in 

the  megaiheriion,  and  in  several  existing  base  of  the  lower  jaw.   TWs  character, 


edentaiaf  and  its  ungual  phalanges,  both  of 
the  hands  {U)d  feet,  have  the  .sanir  sheaths 
,at  their.fABe,  for  the  urqtectionaud  growth 
of  the  'mws,  which  iwe  obsenre  m  the 
inffjatherhim,  in  the  sloth»,  and  in  many 
other  long-clawed  animals.  The  bones 
of  its  middle  finger  have  more  than  double 
the  i^'ttoA  strength  of  any  ol  tiie  other 
Jingers,  and  appear  quite  disproportioned 
to  the  rest  of  the  hand,  but  the  toes  and 
phalanges  are  more  symmetrical  <m  the 
feet. 

Those  singular  animals,  the  sloths,  are 
edetfmvitljm  and  aU  the  recent 

.|ai|u  extinol  slothii  are  animals  of  the  Amc- 
]^pan  continent.    The  sloths  of  the  pre- 
'^  l^t  race,  the  two-toed  and  the  three-toed, 
^iiili^radypus  and  tiie  «iAet»,'.  arc  inhabit- 
ants only  of  that  comitry.    Those  ani- 
mals are  remarkable  chiefly  for  what 
relates  to  their  dceleton  and  Hieir  diges- 
tive and  sanguiferous  systems.    The  ske- 
leton before  you  is  that  of  the  three- 
toed  sloth,  the  bradyjms  tridaciylus,  or 
cekeus  ai  of  Fr.  Cuv.   All  the  proportions 
of  the  skeleton  difFcr  remarkably  from 
what  we  have  seen  in  most  of  the  eden- 
tata  and  most  other  quadrupeds.  There 
is  here  (Fiy.  99)  a  small,  round,  truncated 
heady  placMcd  at  the  extremity  of  a  long, 
Ftff,99,  flexible,  and  fiseble  neck,  the 
neck  composed  of  nine  moveable 
vertebnc,  the  two  last  of  which 
have  short  false  ribs  iFig,  9i),ffhj, 
which  do  not  impe^  their  mo- 
tion.  The  anterior  extremities 
ai  e  of  great  and  disproj[)ortionate 
length,  both  as  compovedwith 
the  general  magnitude  of  the 
body  and  with  the  abortoess  of 
1/  the  posterior estTMnities.  There 
are  no  incisor  or  canine  tcetii 
in  the  forepart  of  the  mouth; 
no  teeth  in  either  species  are  placed  iu  the 
itltenumrfflarr  bones,  nor  in  the  gigantic 
megatherium.    The  molar  teeth,  which 
are  placed  in  the  upper  and  lower  jaws. of 
this  iH^  es  it  is  commonly  called,  frevi  Its 
pitiful  cry,  are  remarkable  for  their  cylin- 
drical and  tubular  form.   They  present 
.  an  exterior  cirete  of  enamel  on  their  un- 
1  evenerown,  wbidb  encloses  a  -softer  os- 
seous substance,  and  which,  from  being 
'  more  rapidly  worn  down,  pri.seuts  the  ap- 
peaannflf  A  concave  cup  at  the  (CKtrc- 
ntty  cf  llie  croww  of  Mr  iqulw  tcetiv 


which  mark*  tbe  insertion  and  thb'du^ 
tion  of  numerous  fibres  of  the  masseieir 
and  zygomatic  muscles,  passing'  %aidk- 
wBids  ami  lbnraMi».it  M  ^mtf^nm 
stronger  in  it^\j^^j^kf^m^ 
megatherium. t  ■^-j-t' 
The  cervical'  y^'bra;  (PIff.  99,  t  f) 
are  seven  in  humbeir^is  in  other  quad- 
rupeds, and  hax'e'  gip«at  mobility,  fitom  the 
shortness  of  their  spinous  and  ^hsverse 
processes,  hut  the  t\Vo  succeedihg  yc(^ 
tebnc  {y'lg.  99,  g  K)  have  short  false  ribs 
developed  from  the  ends  of  tiieir  VMy 
short  transvente  piuOosiifs:  TIMM 
short  false  ribs  on  the  cightli  and  nln!^ 
vertebra;  do  not  interfere  with  the  free- 
dom of  motion  which  these  climbing  ariv- 
mals  have  in  this  part  'ef  flie  ^*€ebral 
column,  and  they  show  an  inferiority  in 
the  tyue  of  their  s^ucture,  for  the  posses- 
sion or  these  siiort  ftdse  ribs  anterkv  to 
the  true  fixed  vertcbro-sternal  ribs,  is  the 
common  character  of  birds  and  rcptileSt 
and  not  of  mammalia,  to  which  the  sloths 
belong.  The  two-toed  bradyptts  has  onfy 
one  pair  of  false  ribs  behind  its  seven  cer- 
vical vertebra:,  so  that  it  forms  a  ti-ansi- 
tion  from  the  ai  to  the  ordinary  forms  of 
mammalia.  Living  upon  trees,  and  feed- 
ing on  the  buds  and  the  leaves,  Uiis  length- 
ened form  and  freedom  of  the  neck  corre- 
spond with  the  great  length  of  its  pre 
hensile  arms  and  hands,  and  must  be  ad- 
vantageous to  a  slow- moving  quadruped, 
where  the  gra^  arterial  trunks  going  to 
all  the  extremities  are  minutely  sub- 
divided at  their  very  commencement,  to 
retard  the  cironlation  in  those  membenb 
and  to  give  the  niissil  i||m»# 
grasp  of  a  reptile's  arm. 

The  long  oblique i  pelyis  has;^hei  Jtiac 
bones  expanded  OQtWM^  for  tbnt  ftWIBg 
extensors  of  the  iemmvani  they -are  an' 
chylosed  to  the  saawB<./.Thftipuibi«.be«B8 
taper  backwaide  Uke  » iU«A'«#  wA  Wf^ 
only  at  a  point,  and  the  ^^ar  ro-sciatic  notch 
is  .  here,  again  a  complete  foramen,  as.  ^ 
the  limthifed  tribes.  Iu  strong  ribs  en- 
close but  a  limited  poption..«yr  the  tcunk, 
from  its  semi-erect  position  while  climb- 
ing, requiring  less  support  for  the  abdomen. 
The  iiRioesses  of  all  the  vcrtefaim  are  here 
short,  esiiecially  the  spinous,  from  ^e 
lightness  of  the .  amali.  head.  With  its 
long  prehnwBo  sms^  its  tshmrt  jroand 
head,  ita  dow  r^plilo  roovaMBt%  nd  'te 
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pitiful  cric-9  on  the  trees,  it  caricatuxes 
lib  companiuns  the  nimble  sportive  quad- 
ruinana,  as  these  caricature  our  sjpccies. 
Selecting  not  the  more  dainty  fruits  of 
the  trees,   but  the  coarser  shoots  and 
leaves,  the  sloths,  like-  the  scmnopithcci, 
have  a  complex  subdivided  stomach  and 
Icn^^hened  intestine.  j 
The  slow  motion  of  all  the  bones  of  the  , 
extremities,  is  partly  indicated  by  the ! 
anchylosis  of  some  of  the  bones  of  the ' 
wrist  and  aukle.    At  the  proximal  ex- 
tremity of  the  metacarpal  and  metatarsal 
bonos  the  whole  three  appear  to  be  early 
united  and  anchyloscd,  so  that  no  de- 
gree of  motion   between  them   is  ad- 
mitted in  that  region.    The  extremities  of 
all  the  phalanges  ])resent  very  secure 
pulley-like  articulations,  by  which  the 
phalanges  move  with  great  safety  upon , 
fiach  other,  but  with  a  veiy  limited  direc-  ! 
-tion  or  variety  of  motion, — more  limited  ' 
anil  secuiY!  than  iu  most  other  quadru- 
peds.   It  is  perhaps  the  best  airangement 
for  holding  with  sccmity,  and  for  a  length 
of  time,  the  one  branch  upon  which  the 
auui^al  is  soon  occasionally  to  fix  its  grasp 
for  a  sufficient  time  to  obtain  all  the  food 
."^i^hin  its  reach. 


So  disproportioncd  is  the  length  of  the 
anterior  extremities  compared  with  the 
posterior,  that  wlien  jdaced  upon  all- 
fours  in  a  horizontal  position  of  the 
tnmk,  the  long  slender  humerus  reaches 
the  gi-oimd,  and  the  animal,  if  placed  in 
this  position  upon  the  ground,  would  move, 
horizontally,  u])on  its  elbows,  and  hind 
feet ;  but  upon  the  trees,  its  natural  abode, 
these  long  feeble  antenor  extremities  show 
for  what  kind  of  climbing  movements 
they  arc  organised.  The  radius  and  lUna, 
like  the  tibia  and  fibula,  arc  lengthened 
and  slender  bones,  developed  throughout 
their  whole  extent,  and  admitting  of  mo- 
tion on  each  other,  as  in  most  climhiog 
prehensile  members.  Beyond  the  anchy- 
loscd, metacarj)al,  and  metatarsal  bones, 
there  are  hut  two  long  slender  phalanges 
on  each  finger  and  toe,  and  the  tenninal 
phalanges  on  both  hands  and  feet  have 
their  base  dilated,  and  in  fonn  of  a  short 
sheath  for  the  base  of  the  long  slightly- 
bent  claws.  The  brailypusy  or  two-fingered 
sloth,  has  fom-  toes  on  the  hind  feet.  The 
apex,  in  all  these  ungual  phalanges  of  the 
sloths,  is  entire,  and  tapered  to  a  imrrow 
point,  not  cleft,  as  in  some  long-clawed 
animals. 


Fig.  100 


The  bones  of  the  mtgatherium  {Fig.  100) 
and  of  the  meyalonyje^  whose  gigantic  and 
Hnomnlous  remains  have  been  found  in  the 
older  alluvial  formations  in  dif}'ercnt  partj 
of  America,  agree  in  so  many  parts  with  | 
those  of  the  existing  sloths  of  that  coun- ; 
try,  that  they  are  generally  considered  to  i 
have  belonged  to  the  same  group  of  eden- 
tulous quadrupeds,  and  to  have  been  very 
dosoly  allied  in  their  characters  to  these 
few  diminutive  existing  species.  A  pretty 
enth  e  skeleton  of  the  megatherium  is  pre- 
served in  the  museum  of  Mailrid,  and  im- 
rocrousdetacheil  bones  of  the  same  animal, 
belonging  to  the  most  interesting  parts  of 
the  skeleton,  have  lately  l>een  brought  to 
London  from  the  same  part  of  America. 

Few  remains  of  the  wcgalonyx  have 


yet  been  foimd ;  they  occur  in  the  northern 
parts  of  America ;  those  of  the  megathe- 
rium in  the  southern.  The  general  struc- 
ture api>ears  to  have  been  the  same  in 
both  species ;  but  the  teeth  of  the  mega- 
lonyx  are  cylindrical,  while  those  of  the 
larger  mcgatherimn  have  a  prismatic  qua- 
drangular fonn.  The  megatherimn  ap- 
pears to  have  stood  about  six  or  seiieii 
feet  high,  and  to  have  been  about  twice 
that  length;  the  megalonyx  was  about 
a  third  less.  The  megatherium  appears 
to  have  had  a  coat  of  mail  like  an  arma- 
dillo, which  is  quite  inconsistent  with 
the  habits  of  the  existing  Kloths,  and  the 
bones,  where  they  differ  from  those  of  the 
sloths,  stand  a  closer  comparison  with 
those  of  the  armadillos.   Like  the  three* 
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toad-,  doth,  tha  .mmathaiiafi  bad  a.i^waU 
f lioit  head,  vifhoot  indaon  or  cwft? 

teeth,  placed  at  the  extremity  of  a  lo&R 
flexible  neck,  the  malar  bone  (Fig.  100,  o) 
piolongeU  downwards  tp  a  great  extent 
ovar  tha  lower  jaw,  ana  Un^Jmg^Bil  phar 
langes  of  the  feet  were  disproportion- 
ately large ;  but  there  are  very  few  parts 
of  m  whole  akdeton  wMch  'vrfll  tnff&r  a 
close  comi)arison  with,  the  coiTcsponding 
parU  of  any  exis^g  yloth.  Both  the  up- 
per and  lower  jaws  taper  more  firirwaioa 
wan.  in  the  sloths,  hut  not  «o  much  as  in 
the  armadillos,  whej-e  there  are  a  greater 
▼ariety  of  forms.  The  zygomatic  arch  h 
incomplete  in  the  sloths,  hut  is  complete 
in  the  armadillos  and  in  the  megatherium. 
Xhe  arched  form  of  the  bane  of  the  lower 
ja.w  la  onUke  that  any  sloth  or  arma- 
dillo, and  the  long,  prismatic,  quadrangu- 
lar, bent,  molar  teeth,  with  their  two  trans- 
ferae  wedge-shaped  cutting  edges,  are  not 
fike  those  of  any  other  genus.  They  have 
an  exterior  sheath  of  enamel,  as  in  sloths 
and  arroadiUofl,  and  in  the  mcgalonyx 
lliiifi  are  round,  as  in  these  two  genera. 
There  are  scarcely  any  (niadrnpcds  in 
whiqh  the  teeth  present'groater  varieties 
aailoa.  Th  e  yoBovr  of  the 
megatiieriaro  lately  brongfat  to  this  coun- 
try is  of  enormous  magnitudcand  strcnt^th, 
aa  in  the  fossil  rhinoceros,  as  if  to  support 
a  digging  or  detaMiv*  testruroent  upon 
ttoaose;  there  is  no  roughness,  however, 
to  indicate  ^he  site  of  any  external  organ 
of  defence  oii'lhat  part.  The  nasal  bones 
are  remarkably  «hort,  and  expanded  late- 
lally,  and  do  not  descend  in  the  direction 
of  me  bent  intcrmaxillaries,  as  if  some 
flashy  organ,  prolonged  from  the  nOse,  had 
filled  up  this  space.  The  cervical  vertebne 
(^»y.  100,  d)  are  free  for  extensive  mo- 
tion, not  anchylosed  together,  as  we  find 
several  in  the  armadillos.  From  the  great 
magnitude  and  strength  of  tin  spinous 
liraoeaaas  (Fiff.  100,  ey)  of  all  the  dorsal 
and  lumbar  vertebrae,  it  would  appear 
that  this  animal  had  great  force  to 
overoome  with  this  small  head,  and  the 
same  strooture  we  obsaiva  In  the  verte- 
bral column  of  the  digpint^  armadillos.  The 
massive  preportiomi  and  enormous  weight 
of  sfltemas  of HlMtnnilr,  and  ami  asora 
of  the  extremities,  are  like  those  of  sotne 
ponderous  aquatic  animal  which  waded 
M  daep  wsnst,  m  Hm  hippoiiotaarast  ftr 
Its  Ibod.  The  iliac  bones  {Fiff.  100,  q) 
aatpass  in  their  magnitude  and  cxpan- 
^ton  those  of  the  largest  elephant,  hut 
in  forai  tiMy  mora  aaaamhla  those  of  the 
sloths  than  of  the  armadillos.  In  the  ex- 
tremities of  this  huge  animal  there  are 
»eai'osly  any  parts  wWrii  oan  ba-toaai* 
bared  with  the  lone;  blender  hoM  ti  the 

Isebloi  cUmbiog  alotiu.  Tkeiunwla  and 


filavicles  ai;e  of  enonnoos  magnitudcand 
atrength,  andlxidkataQiefiyrQef^^whidi 

the  humerus  and  the  arm  were  moved. 
The  anterior  and  posterior  extremities  arc 
not  Si8pro]i6jrfionatcly  developed,  as  they 
are  in  sloths,  buii  nearly, equal,  as  in  the 
annadillos  and  most  other  edentata.  Tlie 
radius  and  ulna,  distinct  throughout,  croiiS 
each  other  aa  In  Hw  elephant,  bfit  ttit 
tibia  and  fibula  -w  -  nnclivlosed  to 


otheiw  iMtth  above  belg^-,  ibra  coii^ 
deraole  extent.  The  baw  andree^are 

lengthened  and  massive^  a^  unS^mti^e- 
trical  in  their  (Icvc  lojjnicnt,  as  in  many  of 
[  the  armadillos.  By  their  length  and  tfacu* 
I  subdivision,  and  their  .great  development 
I  at  their  distal  extremities,  they  are  well 
suited  for  scraping  the  loose  mrface,  as  in 
most  of  (edentate,  |)ut  )am  kt  burrow- 
ing, as  in  thu  moles.  The  femur  of  thi>  ani- 
mal, though  short,  like  ull  the  hones  of  the 
arms  and  legs,  has  in  its  middle,  when 
measured  transversely,  twice  the  diameter 
I  of  that  of  the  largest  elephant  of  Asia,  and 
its  great  ti'ochauter  presents  an  extenuivc 
sur&oe  for  ^o  in8artioii4rf  tiM  glutei  mus- 
cles, which  covered  the  exterior  i?nrfacc 
of  these  enormously  expaiuled  iliac  booe^ 
The  megatherium  appears  to  have  been 
plantigrade,  like  the  armadillos,  but  ver^ 
unlike  the  sloths,  which  cannot  ])lacc  the 
planta  of  their  feet  upon  tlie  ground,  fropi 
the  extent  and  curvature  of  their  ungual 
phalanges,  and  from  the  oblique  direction 
of  their  feet.  The  ungual  phalanges  are  the 
most  aAomalons  parts  of  thia4nngular  ske- 
leton, for,  placed  at  the  extremities  of 
lengthened  and,  consequently,  fieehle  feet, 
they  are  of  enormous  and  disproportionRte 
si/e ;  and  although  they  fbTnled  a  large 
sheath  for  the  claws,  they  extended  only 
a  short  wav  through  those  inbtrument^^ 
and  aflRDrdedtiieni  but  fecfbia  bttpiMl.  *  *  ** 

Thus  we  perceive,  th;it  in  the  skeletons' 
of  this  edentulous  group  of  qnadrupedsf 
wb  are  presented '  with  ferms  Ale  mOdtf 
diversified^  and  which  generally  Infficate' 
affinities  with  the  inferior  classes  of  vcr- 
tehrata.  This  inferiority  we  observe,  not 
only  in  the  Fengtlieiltid 


fonn  of  the  head,  the       '  icju  y  of  tho 
sygomatic  arch,  the  rapid  anchj'loeis  of 
the  cranial,  i>elvic,  and  oHfer  <MIMM,*  a^f 
of  the  vertebrze  of  the  neck,  bnt  ibM^HS 
the  bird-like  tapering  form  of  the  pubh^' 
bonc»,  with  their  feeble  jsymphysis,  tb^§ 
junctioB  of  the  i)elvic  bon^  to  eomplete 
the  sftCTO-sciatic  foramen,  p-'hI  tin-  exist- 
ence of  false  ribs  anterior  to  the  tme.  So 
that  wbflo  we  dnt  R])proach  by  ra)^ 
strides  to  the  highest  f        ! di  c  inic  de-- 
velopment  on  the  earth,  we  still  find  lin- 
gtejrtM  aAuiiies  wiUk  fiht  ititsAtH'  tribck 
thM^^^tliiA  wa  bava  paAaod*  ^''^ 
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LFJCTt'RE  XXV. 
ON  THE  0STK0L0(;Y  OF  RODENTU  AND 

'4Ej|ia«Kfa<iio wilpifllikrtttiii  nornuM/odKMi 

amonjs;  the  rodent  iiua'lmiieiis.  Hare?  and 
vpiibit^  ,beav<er8  umA  porcupines,  agoutis 
and  ■awthiff,  iMMWt  Mid  nmnots,  bam* 

stent  and  aquinrels,  rata  and  mice,  are 
amonp  tho  myriads  that  compose  this 
(jiuiwmg  p^;my  race.  As  there  is  scarcely 
MfT'lorai  <tf  ovgaaic  matter  which  tbey 
cannot  consume  and  digest,  nor  any  rli- 
QWte  which  they  caaaot  iadure,thcy  8»'ai*m 
— ntinnnlH,  iiiJI  kklitndcs,  in  all  altt* 
tudea,  frDni  the  DiarinotK  at  the  v&rp;c  of 
perpetual  mow  on  the  ice-dad  mountains, 
tu  the  rats  that  infest  the  dunf;eon8  of 
the.  vallaytp  With  two  chisel -shaped  in- 
cisnrs  aUnve  r\nfi  tv  o  J)o1o\v  {ttfi.  101|  a/)y 
nfoved  }^kLli  losca  auii  \  elocity  in  a  Ion- 
flflMdllulI  dirMticuif  they  file  down  tlic 
tl  .  tiKort  snhstanccs,  and  with  broad  flat- 
crowned  moiare^  {Fig.  102),  rough  as  a 
milUtonc,  they  grhui  them  to  aloins,  ao 
^at  no  fnnu  of  oi'ganised  hodien  resUts 
their  f^nawiiig  influence.  By  converting 
TOgetaMe  into  autiuai  matter  they  mode- 
ls the  ItUKwiailM  of  vegetation,  and  ad- 
vance tlic  general  march  of  organic  de- 
velopment.   Without  canine  teeth,  or 

No.  5fi4. 


horns,  or  |H-eheBsile  claws,  their  safety 
lies  not  in  the  ezertteo  «f  otoaive  wea- 
pons or  of  muscular  force,  hut  in  their 
watchful  instincts,  their  gregarious,  cau- 
tious habits,  their  qiijck  motions,  their 
filing,  gnawing,  digging,  burrowing  |we* 
pensities.  Tlin  easy  prey  to  all  the  car- 
nivorous venehrata,  from  the  lion  to  the 
serpent,  thdr  race  is  prolonged  onljr  by 
their  imtTicnse  fertility,  hy  the  quick  s-ic- 
ccsHioii  and  the  mjTiads  of  their  progeny. 

Organised  to  consume  the  coaraest  of 
vegetable  food,  the  roots,  tho  branchcis, 
the  dry  hark  of  trees,  their  alimentary 
cauui  is  long  and  convoluted,  their  sto- 
mach capacious,  and  tlietr  cmewn  c«H 
generally  of  enormous  size,  suc^Tilntpd, 
and  glandular.  Their  inferiority  orga- 
nization is  seen  in  the  imperfect  develop- 
ment of  their  cerehral  hemispheres,  and 
their  want  of  convolutions ;  in  the  relative 
magnittide  of  theur  cerebelkun,  especiaUr 
of  the  middle  lobe^— 4)»e  flrat  dovchipo4 
nTifl  the  largest,  as  we  descend  in  the  ver* 
tcbrated  classes,— and  in  the  division  of 
their  uterus,  which  in  some  Is  cleft 
throughout  its  whole  extent  as  in  ovipa- 
rous vcrtebrata*  Vt  o  can  ti-acc  this  in- 
feriority in  most  parts  of  their  fysCem, 
even  in  tho  gastric  gland  of  the  beaver, 
which  is  a  remnant  of  the  glandular  sfo- 
mach  or  venh'icult^ mccntfnriai fuo(  bhi\iff 
in  the  ventral  situation  of  the  testearwhioh 
is  their  position  in  all  the  inferior  vcrte- 
brated  classes ;  in  the  doacal  tcnninatiou 
of  their  intestine;  in  the  daft'  tatm  of 
their  up))cr  lip.  and  the  deficiency  of  their 
masticating  organs;  in  the  relative  siae 
of  their  corpora  quadrufonina,  and  the  de- 
velopment of  tho  membrttna  nsetilfltf;  In 
the  feeble  development  of  their  muscular 
system,  and  in  almost  all  the  details  of 
their  skeleton.  Without,  musmdar  ftrea 
to  bruise  tlic  solid  stems  and  hrancho.s  of 
trees  between  their  moiar  teeth,  hice  the 
huge  elephants,  they  are  doomed  to-apeml 
their  vitad  energies  in  reducinc:  them  to 
atoms  by  the  incess-ant  fiHng  action  of  in- 
cisors, before  they  are  prepared  for  the  mo- 
lar teeth.  Tbtis  their  incisors  have  doomed 
,  thorn  to  a  dwarfish  size,  and  the  little 
i  b^vcr.bdMirajrou  is  a  giant  of  this  order* 


1  ; 
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TIm  Uu^t  rodent  quadruped  ever  found 

in  a  fossil  state,  the  cantor  troymtheiHum^ 
found  on  the  shores  of  tlie  sea  of  Asoff, 
was  only  about  a  third  larger  than  this 
animal. '  But  we  have  seen  to  what  a  sizb 
the  proboscidian  pachyderm n,  thni-o  gi- 
gantic mice,  have  arrivetl,  where  incisors 
are  dispensed  witli  !n  the  act  of  maatica- 
tion.  Inhabitants  of  hoh  s  ant!  c  revices 
in  the  oldeu  timc^,  as  at  prcitent,  the  boues 
of  mdentia  abound  in  fissures,  and  osseous 
breccias,  and  diluvial  cuvo^,  throughout 
Europe  and  the  adjacent  i'^lands,-  of  s^jie- 
cies  now  extinct,  aud  Hssociuted  wiih  feeble 
herbivorous  quadruped^  whose  races,  like 
their  own,  mtve  hegim  and  ended  their 
short  career. 

The  reduction  of  their  hard  vegetable 
ibod  to  minute  partlch -5*,  requires  incisor 

teeth  of  great  density  and  sharpness,  and 
molar  teeth  composed  of  perpcntlicular 
lamina;  of  cnamol  and  osseous  substance 
(K^r.  102).  The  first  clipping  of  the  food 
to  ]mrtirle<  is  t  fl'c  i  ted  Ijy  t!>Q  dense  ena- 
melled exterior  sharp  edges  of  the  two 
incisors  in  the  upper  jaw,  and  two  slroi* 
lar  chisel-shaped  incisors  in  the  lower 
jaw;  which  latter,  by  rapidly  movijig  in 
a  borixontal  plane  over  the  cutting  edgi  s 
of  the  upper,  reduce  to  very  small  por- 
tions the  dense  and  coarse  vo'^r<'tnble 
substances  ujjon  whicii  these  quadLupcds 
subsist.  They  require  no  canine  teeth ; 
indeed,  it  must  appear  from  this  hori- 
zontal longitudinal  movetncnt  of  the 
lower  jaw,  that  the  presence  of  canine 
teeth  of  the  ordinary  character  would  be 
n  great  impediment  to  .Mich  movement 
of  the  jaw.  There  are  no  such  teeth  in 
rodent  quadrupeds,  bat  the  incisors  pass 
through  the  intertnaxillaries  to  take  root 
in  the  upper  jaw-bones. 

From  this  loi^itudinal  motion  in  the 
lower  jaw  in  the  rodentia,  hackwanl.s  and 

forwards,  you  must  necessarily  expect  that 
the  condyle  of  the  lower  jaw,  and  the  i^h'- 
noid  cavity  of  the  temporal  bone.  wiU  be 
directed  longitudinally.  In  order  to  effect 
that  longitudinal  movement,  the  jjtcry- 
feoid  muscles  must  be  powerfully  devc- 
!o]>ed,  and  influence  liie  Wnn  tut  the  ptery- 
goid processes  and  the  whole  sphenoid 
bone.  The  dense  and  rough  molar  tcr  th 
which  are  destined  to  grind  down  this 
coarse  vegetable  substnncc  by  a  move- 
ment that  is  lonf:,'itudinal,  must  have  their 
crowns  broad,  rough,  aud  flat,  in  order 
that  they  may  meet,  and  ral>  and  Imiise 
the  substances  between  them.  They  nmst 
have  the  layers  of  enamel  directed  trans- 
versely, in  order  timt  there  may  be  con- 
staiit])  a  rough  filing  surface  of  the  one 
side  to  jilay  u])on  t!i<'  other;  n  structure, 

oolucqueutly,  siiniiai'  10  ihat  which  we 


saw  in  the  large  prdbaacidian  pachy- 
derm a. 

This  rapid  and  powerful  action  of  the 
incisors  against  each  other,  and  agaiusjfc 
the  hard  aubstanccs  that  are  placed  tw^, 
twccn  them,  wears  them  rapidly  do^Ti, 
and  they  must  therefore  have  the  mean^ 
of  rapid  renewal  to  correspond  willL  .thif 
rapiil  wearing;.  They  have  lartce  and 
long  alveoli,  extending  far  into  tlie  iov^eJT 
jaw,  and,  indeed,  ascending  up  to  the  »7 
mus,  below  the  bases  of  all  the  molar  tee«b, 
and  the  sante  extent  nearly  is  seen  19  ^ 
superior  incisors.  .,^{. 

The  pulp  therefore  supplies  here,  by  its. 
great  extent  through  tliis  hollow  tube, 
those  very  long  incisor  teeth  pf  this  beaver, 
and  other  rodentia,  and  serves  to  deposit 
rapidly  a  large  quantity  of  ossilic  matter 
in  the  interior  of  these  teeth,  so  that  al- 
tiiuUjj;h  at  its  posterior  part  the.  incisor 
a  hollow  thin  shell,  It  is  quickly  coiisopfT 
dated  by  the  intt  )  ior  deposition  of  mattef^ 
and  by  being  uusbed  loi  ward  from  tbfi. 
alveolus,  it  is  thus  raiiidly  renewed  al  its 
distal  extremity,  where  it  it  most  exposftd 
to  friction. 

^Vhen  the  abrading  causQ  is  removed 
from  an  incisor,  by  removing  one  of  the 
teeth  from  the  jaw  that  is  oppo-it^,  the 
incisor  tooth  continues  to  grow  rapiUlv.as. 
nature  destined  it  should  ckv  througph 
It  conthuic?  to  shcDt  out  from  tJic  jav^ 
aud  there  is  nothing  now  to  abrade  it. 
In  course  of  tim^  tberelbte,  it  necessarily 
l)rojects,  like  the  canine  tooth  of  a  baby- 
russa,  from  thcnioutli.  Yon  perceive  that 
it  is  necessuiy  tlien  fur  those  rodent  ani- 
mals, in  order  that  may  keep  up  tha 
typical  form  and  shr.rjjness  of  their  ih- 
cisu]  s,  to  have  the  means  of  filing  do^ 
ra]>idly  the  eatreMiHestiJ'Sl&ese  teetli. 

From  the  high  sitii  ition  of  the  jitdp 
and  base  of  these  sui>erior  incisors  in  the 
upper  maxillary  bone,  they  have  been  re* 
garded  ratlier  as  canine  teeth,  which  ex- 
tend for  secunty  of  attachment  through 
the  iutcrinaxillaries,  and  those  of  the 
iower  jaw  have  been  oonsid^ed  to  be  of 
the  same  natnrc.  Although  there  are 
only  two  of  these  incisors  jn  action  al 
once  in  the  front  of  the  mouth,  you  will 
observe  in  tin:  upper  jaw  of  these  haros 
and  ra1)hi:s  that  there  is  a  very  small  pair 
behind  tliose,  v.  hich  are  ready  for  action* 
aud  there  was  an  eai  lier  pair  of  these  inr 
cisors  than  either  of  those  which  remain, 
which  were  found  by  Ciiviiia  to  be  re^or 
larly  shed  in  the  uterus.  This  first  uterm* 
pair  of  incisors  is  sometimes  left  after 
birth,  and  then  we  see  no  less  than  three 
pairs  of  incisors  behind  each  other  in  the 
upper  jaw  of  these  rabbits,  and  probably 
all  the  rodentia  shed  their  fii-st  incisors  in 
the  uterus,  so  that  their  jawi  are  ms\]f 
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pfef)hfed  for  the  form nt ion  and  rapid 
growth  of  these  aU>iinpurtaut  instruments 
n'ib^  rodeittla.  The  same  uterine  de- 
velopment and  shedding  are  seen  in  their 
anterior  molar  teeth,  especially  where 
they  are  numerous  in  the  {ulult,  and  Mib- 
jefcted  to  much  abrasion,  and  consequently 
require  rapid  growtli  and  early  develop- 
ment. The  guinea-pig  sheds  its  front  pair 
of  hiolat  te^,  both  abbve  and  below, 
wjiilc  In  the  uterus. 

When  we  put  the  rodent  animals  into 
iiliicei  of  confinement,  and  keep  them  from 
their  natural  gnawing  habits,  tliey  are  in 
liilseiy,  unless  they  have  substances  com- 
posing their  iudosure  that  can  be  acted  on 
Wth6  teeth,  to  file  them  down.  We  find 
tnbth  tlius  delight  in  filing  and  tearing;  to 
pieces  tdl  the  wood  that  surrounds  them, 
therefore  yon  see  them  frequently  put  into 
cages  that  are  lined  with  tin.  But  during 
that  confinement  there  is  the  deformity  in- 
creasing from  the  want  of  abra.-iou  of  the 
W^hf  iifaeir  food  generally  being;  more  soft 
and  imccnlcnt  in  a  state  of  confinement 
than  in  a  state  of  naturC' 

But  this  rapid  action  and  rapid  growth, 
aiid  consequently  great  size  of  tlio  incisor 
teeth  101,  a),  require  that  the  bones 

that  receive  them  be  large,  long,  and  ca- 

{)aciou$.  This  necessitates  a  great  deve- 
opment  in  their  Intcnn axillary  bones 
iFiff.  101,  d),  as  we  ?aw  also  in  the  clc- 

Fiff.  101. 


phanf^'  fbr  the  lai^  incisbh  ortusfcaof 

the  U|)per  jaw. 

In  order  that  those  incisor  teeth  may 
be  kept  constantly  fit  foraction  with  sharp 
transverse  cutting  edges,  nature  has  pro- 
vided them  upon  one  surface  only—  the 
exterior  or  anterior — with  an  extremely 
dense,  generally  brown-coloured  layer  of 
enamel.  Tlie  whole  of  the  posterior  part 
of  the  tooth  is  of  the  ordinary  soft  osseous 
sriNtlinee,  couBequently  the  hard  aub- 
etances  that  are  placed  between  those 
tcetli,  in  rubbing  equally  upon  the  dense 
and  upon  the  soft  parts  of  the  teeth,  ne- 

cfiiinty  jiiudiMMi  imHdi  effect  vpoA  fhs 


sof^  part,  an3  wear  it  most  rapidly  do-^Ti^ 
The  flinty  layer  of  enamel  which  edge»- 
the  teeth  in  front,  suffers  much  less  from 
this  abrasion,  and  therefore  presents  at 
the  free  e.xtremity  a  sharp  and  dense-cut- 
ting edge. 

It  is  upon  this  principle  of  the  unequal 
density  and  ronscqnrnt  abrasion  of  the 
enamel  and  o;>scous  substances  of  the  teeth, 
that  we  find  the  teeth  of  herbivorous  qua- 
drupeds, whether  ruminantia  or  pachy- 
denna,  or  other  orders  that  feed  on  vege- 
table substances,  constantly  presenting  a . 
rough  uneven  surface,  from  the  alternai* 
tions  of  enamil  and  osseous  substances 
which  compose  the  broad  crowns  of  their 
roolares.  But  were  the  substances  of  these' 
teeth  to  be  worn  down  with  equal  rapidity, 
they  would  present  at  their  worn  extremi- 
ties a  smooth  glistening  surface,  whidi 
might  serve  to  brinse  soft  std)stances  be* 
tween  them,  but  which  would  slide  over 
them  by  every  horizontal  movement,  and 
would  not  grind  them  down  as  «  mill- 
stone. 

Thus  it  is,  then,  that  in  herbivorous  qua- 
drupeds generally,  the  molar  teeth  roos€ 
have  a  very  different  structure  from  those 
of  carnivorous  quadrupeds,  where  you  ob- 
serve no  alternation  of  osseous  substance 
and  layers  of  enamel,  but  where  the  whole 
crowns  are  covered  with  continuous  thick 
layers  of  very  dense  enamel,  and  are  ac- 
cuminated  to  a  sharp  cutting  edge. 

These  molar  teeth  {Hff.  102)  of  thcro- 
dentia  are  often  verj'  rapidly  worn  down, 
from  the  density  of  the  food  and  the  con- 
stant filing  action  they  are  onplcjed  ia* 

JV^.  102 


It  is  on  this  account  that  we  obsen'e  the 
ha-  '-*s  in  some  to  he  for  a  long  time  hollow 
below  to  permit  of  continued  growth  and 
increase.  Where,  however,  the  kind  of 
food  io  of  a  softer  nature,  the  molar  teeth, 
acquire  more  quickly  their  perfect  form, 
and  have  their  Iraoes  filled  up  with  ossific 
mattw.  They  arc  less  abraded,  require 
less  constant  renewal,  and  fangs  are 
formed  at  their  base  tu  complete  them  and 
terminate  fheir  growth. 
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Tlie  order  of  which  I  ani  now  speaking 
comprehends  the  mice,  the  rats,  and  simi- 
lar small  quadrupeds,  sunie  of  whicli,  you 
afe  veil  aware,  feed  not  exclusively  upon 
soft  vegetable  substances,  but  intliscrimi- 
nately  upon  animal  and  vegetable  matter. 
In  twch  animab,  therefore,  it  ist,  as  you  see 
in  the  rat  'Fig.  102,  a),  that  you  find  the' 
roolar  teeth  not  only  to  at'quire  fangs  and 
become  perfectly  incapable  of  further  in- 1 
cresaa  fiftnn  any  addition  beneatli,  but  the 
enamel  even  passers  continuously  over  tho  \ 
tubercles,  and  the  crown  remains  perfectly  ' 
covered  on  Us  tnrface  with  a  layer  ^ofj 
enamel.    All  the  teeth  of  rodent  iinadru- 
peds  began  with  that  covered  form  of  the ; 
crown,  Midlist  you  look  upon  nov.-,  when  : 
thus  worn  in  the  adult  animal,  is  not  at  J 
all  its  original  ap))carancc.    When  the ; 
tooth  shot  above  the  gum,  there  was  no 
aypearance  of  tbis  alternation  of  osseous 
anhstance  and  enamel ;  tlu?  enamel  covcrc  l 
over  it  as  in  the  human  teeth }  but  the! 
rapid  action  soon  filed  down  the  thin  su- ' 
perficial  covering,  brought  the  on-ls  of  the  ' 
plates  into  view,  and  they  have  continued , 
thus  to  remain.   The  principal  force  of 
the  molar  teeth  in  this  order  appo;;r«i  lo  ' 
he  applied  by  the  motion  of  the  lower  jaw  ' 
forwards,  and  its  pressure  against  the  up-  i 
per  jaw  in  that  advancing  motion  is  effected 
chiefly  by  the  temporal  an;!  ina.-^.-Ttcr  nni<5- 
cles.   The  pterygoid  muscles  arc  also  vcjy 
important  In  this  longitndinal  motion  of 
the  lower  jaw,  and  hence  the  magnitude  of 
the  pterygoid  processes  (F///.  101,  c)  of  the 
sphenoid  bone,    It  is  on  account  of  this 
force  applied  to  the  molar  teeth  in  advan- 
cing the  lower  jaw,  that  the  lower  molares 
generally  have  their  alveoli  inclined  a 
litHe  forwanlfl,  and  the  tnperior  roolares 
are  inclined  backwards,  as  yott  see  in  this 
beaver  (Fiff.  101,  b,  g}. 

We  have  seen  that  the  rats  have  the 
tuberculated  crowns  of  their  molarcs ! 
r/'7/7.  10'2,  fi)  covered  with  a  contiiinoiH  I 
thick  layer  of  enamel,  like  an  insectivorous  i 
quadmped,  which  accords  with  the  mixed 
character  of  their  food,  and  their  almost ' 
carnivorous  propensities,   lu  most  other  j 
rodentia  the  cro'n^ns  of  the  molares  are 
composed  of  nltcrnatn  curved  and  convo-' 
luted  plates  of  etiamcl  inclosing  the  softer! 
oa.<<eous  part  of  the  tooth ;  and  there  is  a 
reason  for  every  variety  of  curvattn^  which  ; 
these  perpendicnlar  plates  of  enamel  pre- ; 
sent,  although  \\  c  can  scarcely  pcaciratc ' 
its  cause.  I 

Where  the  foml  of  the  '^]Kt  ics  is  of  p  ' 
softer  nature,  or  comes  much  reduced 
anS'sfoffifined  nndcr  the  molar  teeth,  these 
have  coT»iparativcly  few  plates  of  enamel 
in  a  given  space  of  the  crnwii ;  they  inclose, 
consequently,  a  large  proportion  of  osse- 
ouf  nibitaiice,  and  sncn  mobrcs  are  of  a 


softer  and  more  yielding  character,  as  yp^ 

see  in  the  water  rut,  the  guinea-pig,  the 
i  liillus,  the  saccomys,  the  common haie^ 
the  kerodon.  But  there  are  many  othen 
in  which  greater  force  and  greater  den- 
sity are  required  in  the  molar  teeth,  to 
coini)lete  the  rednction  of  the  fiDod,  and  in 
tlicsc  we  find  a  much  greater  number  of 
convoliited  plates  of  enamel  in  a  given, 
space,  as  you  see  in  the  molarea  o7  3hff^ 
beaver  (Fig.  102,  b),  and  the  merioi^ 
and  the  capybara  {Fir/.  102,  e\  which  cor- 
responds with  the  increased  density  of  tlic 
food.  And  the  form  of  these  raolarejiis. 
most  intimately  connected  with  the  form 
and  capacity  oi'  the  alimentary  can^l,  es- 
P'  cially  of  the  cteeum  eoUt  the  magiutude 
of  which  is  generally  in  the  direct  ratio  oi, 
tliis  compac  tness  of  the  plates  of  cnamql 
or  the  general  density  of  the  molar  tcelh. 
Some  of  the^e  molar  teeth  arc  still  further 
consoliihitc !,  hy   the  deposhion  aroim'd 
their  exterior  surface,  and  in 'the  if^teif- 
stices  between  their  convoluted  plates^  <^kf 
very  dense  connecting  material,  <i  cnisfa^. 
petrosOf  as  we  see  in  thcniolurcsof  tbet  ^;, 
phants.   This  is  beautifully  illu<trfttcd  by. 
tiie  large  elephant-like  molares  of  tlio  ca-, 
pybiira  of  S\iiith  America  \Fia.  102,  c). 
There  can  be  no  canine  teeth  in  rudeiUic^i 
between  the  Incisors  and  mojares,  hecf^u^. 
the  space  for  the  dei  p  f.m^s  of  sucl^  Cfi- 
uini  is  already  occujiicd  by  tl^e  ^^^^r 
curved  incisors,  'whicli  pan  oacknTm^, 
even  below  all  the  molarcK^ 'vrh.^re  thcjaWf, 
are  consetpiently  nuiru  deep  than  in  the 
ftoiit  part  of  the  nioulh  t^/Vy.  101,  A^^}, 
in  order  to  deepen  the  alvepU  of  tfeefe 
molar  teeth. 

lu  the  skull  of  the  rotle.ifia  you  \vill, ge- 
nerally observe  that  the  parictes  hav^.a 
smooth,  thill,  and  diaphonous  appearance. 
On  opening  the  skull,  and  looking  at  the 
surface  of  the  brain,  yon  jMirceive  thatit  is 
destitute  of  convolutions,  and,  like  a  bird's 
hcniisphere,  entirely  (Ie..tit\ite  of  tl!0:<e  iu- 
cqualities  of  its  surface.  Xbe  cra^i>ui]| 
that  covers  them  has  consequently  the 
same  smooth,  thin,  even,  hird-Iikc  form. 
This  is  a  mark  of  infuriovity  in  tlic  craniuin 
of  rodentia  derived  from  that  of  the  con- 
tained soft  parts.  There  aic  ctli^'r  indi- 
cation:* of  mftriority  in  the  lones  and 
hard  parts  of  the  hcail,  as  ilic  great  por- 
tions of  the  jaws,  )»oth  above  and  f)eiow, . 
that  arc  entirely  dcstiiiuo  of  tcetli,-  that 
v.acant  space  {Fij/.  10 Ij  between  the  i^.icL- 
sors  and  the  first  molar  tooth,  leading  us" 
trrncliuilly  .rata  the  true  edentulous  quatl- 
rtipcds  to  those  that  are  better  pro\  iflcnj^ , 
with  these  important  instruments  of  mas"*  . 
ticatlon. 

Tlie  tympanic  and  petrous  elements  of 
the  tciuporal  bone  are.  ofteu  long  inau-, 
cbylosing  to  the  squamous  portiont  in  t)iO 
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rotfeft^ia,  find  even  remain  detached  from  ' 
the  squamous  portion  through  the  whole 
of  1!fe.  Ytttk  perceive  in  this  artult  beaver 
aiif]  in  thi.>  j;pino:i-pig,  thr.t  tl-.c  petrous 
element  is  auchyloscd  to  the  tympanic, 
Vot  the  sqtminous  portion  U  quite  sepa- 
rate from  the  other  elements,  as  \vc  com- ; 
l^Only  find  it  in  cctaccn,  and  >ve  have 
^i^^ady  seen  liow  gencraliy  the  elements ; 
of  the  temporal  bone  remain  detached- 
tbron^'h  liftMti  the  inferior  da$8C8  of  vei  - , 
tcbra,ted  animals.  '  | 
'"fh**  mastoid  ptocess  of  the  tempondj 
forms  a'large  hulla,  as  in  carnivora,  wbidi , 
enlarges  the  lavity  of  the  tynip.umni.  Thr 
jucutus  auditorins  extcTtiiis  projects  like 
a'thhc,  and'tho  zygonu.rio  process  of  the 
tctni)oral  hone  hogiii-;  far  furward,  so  tliat 
the  condyle  of  the  Ipwcr  jaw  has  ample 
8|^^ce  in'thi!  lorigitndfnal  glenoid  cavity  to 
slide  back\v:;r(!s  and  forwards  freely.  The 
orbit  is  conthuious  with  the  temporal  fossa, 
ari(p'the  deep  zygomatic  arch  is  extended . 
Xl^m  its  conrcxity  downwards,  so  that  the 
irtasseter  mnsclcs  act  with  great  force  on] 
the  lower  jaw  in  its  motions  hoth  forwards 
BM  'backwards.  Tbd  nasal  bones  are  ge- 
nenilly  Iodl;  and  broad,  and  inclose  large 
turbinated  bonc^  and  cover  large  cou- 
voldted  pisttes  of  the  ethmoid,  for  an  cx- 
tcnsh  e  organ  of  smell.   Their  large  eyes, 
like  birds'  eyes,  and  tlicir  large  organs  of 
Biiiell  and  hearing,  compensate,  by  their 
nift^itudc,  for  the  imperfect  development 
of  their  cerebral  hemis|)hcres.    Tbey  have 
lai'ge  palatine  boles,  as  in  birds. 

As'sofai'd  of  the  rodentia  reside  on  trees, 
where  we  see  the  arlivc  squirrels  playing 
their  gambols,  others  burrow  in  the  earth, 
us  the  rabbits  and  marmots,  and  others, 
btivfe^'lfn  aquatic  life,  as  the  beavers,  the' 
h/ff/oim;s,  the  ivyopotrtuivn,  the  ondatra  we 
find  a  great  variety  in  the  forms  of  their 
akel^h,  especially  in  the  parts  which  are  | 
contitrtCfl  with  progressive  motion. 

tu  their  si^elctons  \vc  observe  two  ty- 
pibal  Ib^is  iH^he  anterior  extremities.  In 
ori<E!  gn^dt' ^roup,  which  employ,  much  the 
anterior  extreniities  for  prehensile  ])ur- 
poses,  whether  in  burrowing  or  climbing,  1 
as  in  tft^ir  artificial  constructions,  the! 
clavicles  are  strong,  and  reach  in  a  solid 
form  from  the  sternum  to  tiic  scapula,  as  ; 
yoii'  Mtserre  in  this  bearer.  In  this  rat,  in  ; 
thlSibbuSe,  in  tbis  squirrel,  and  in  several 
other^  of  these  sniali  skcletojis.   }3nt  there  ; 
are  others  in  which  the  clavicle  exists  only 
in  an  imperfect  judimentary  state,  ossified  \ 
sulel\-  in  its  middle,  and  reaching  the  sea- ' 
pnla  and  the  sternum  only  by  its  soft,  car- 
tiU^inom  tetoinations,  as  you  perceive 
in  the  agotiti,  the  paca,  the  agouchi,  and 
other  large  American  rodcntia.  From  the 
tnninnesv  and  little  Ibroe  of  the  bead,  the 
«BmdA  tr^ebrte  are  generally  long,  o^d 


with  short  processes,  to'adniit  of  extensive 
motion,  and  this  is  tlie  case  also  with  the 
lumbar  vertebrse,  as  you  see  in  ^e 
chilla,  the  lagotift,  the  capromySy  and  many 
other  active  species.  The  pelvis  has  a 
lengthened,  slender,  bird-like  form,  espe- 
cially in  the  iliac  bones,  and  the  direc- 
tion of  the  sacro-iliac  articulation  is  often 
nearly  in  a  line  with  the  vertebral  column 
in  these  light  and  nimble  animals.  The 
sacnun  is  thus  lengthened,  and  consists 
numerous  auchyloscd  vertebra:. 

For  the  most  part,  in  the  rodent  quad- 
rupeds, yqu  will  observe  that  tlie  coccy- 
geal \  ('rti'hr;p  arc  extended  consiilcrabiy 
backwards.  That  forms  an  important 
organ  in  the  beaver,  both  for  carrying 
hiiiUiing  materials,  mud,  and  other  soft 
substances,  and  in  plastering  the  surface 
of  the  erections  which  it  makes,  to  stop 
the  currents  of  water,  and  thus  form  per- 
manent pools  in  the  rivers  it  frequents.  It 
has  the  transverse  processes  of  the  coccy- 
geal vertebrx  of  great  length  and  breadth, 
and  most  of  these  processes  are  bifurcated 
at  their  extremity,  to  support  the  broad  scaly 
tail,  formed,  in  this  animal,  like  a  troweL 

Xo'.i  will  observe  that  the  anterior  ex- 
tremities of  rodentia  are  generally  smaller 
and  more  sabdivided  Uiaa  tbe  ^storior 
extremities,  possess  greater  mobility,  have 
tbe  component  bones  more  completely 
ossified  throughout,  and  detached  from 
each  other.  The  scapula  in  animals.  liav« 
ing  very  numerous  uses  of  the  arms,  you 
would  naturally  expect  to  pres&nt  a  consi- 
derable snrfoce,  and  to  have  its  spinous  pro* 
cess  large,  lengthened,  and  prominent.  Tho 
humerus,  especially  in  the  digging  species, 
has  also  its  processes  for  tbe  origins  and 
insertions  of  the  muscles  well  developed 
and  proTiiinent.  The  radius  and  the  ulna 
not  only  are  both  fully  developed,  and 
separate  from  the  one  extremity  to  tho 
other ;  but  you  observe  that  they  admit  of 
supination  and  pronation,  and  a  consi- 
derable extent  of  motion  between  them. 
So  that  the  hands  in  many  of  those  ani- 
mals arc  capable  of  being  employed  to 
hold  their  food  and  other  substances,  as 
well  as  to  climb  trees,  and  serve  various 
other  purposes.  You  see  thetn  often 
sitting  on  the  tuberosities  of  the  ischium, 
employing  the  anterior  exttemities,  liko 
quadrumana,  lor  holding  and torningtbcir 
food,  while  it  is  rapidly  filed  down  by  the. 
action  of  their  sharp-pointed  incisor  teeth. 

You  w  ill  generally  observe,  that  in  the 
rodent  quadrupeds,  the  posterior  half  of 
the  trunk  is  laiger  and  broader  in  its  pro- 
portions than  tbe  anterior  half,  so  that  the 
posterior  extremities  are  considerably 
longer  than  the  anterior.  They  arc  organs 
which  require  stiength  to  support  and 
oury  forward  the  Inink  of  the  body,  but 
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the  anterior  extremities  require  ^eater 
Tarioty»  extent^  and  velocity  uf  motion,  for 
an  iirebensile  purpoaei*  than  the  poatorior. 

Whcrp  the  hands  arc  employed  as  orcjans 
of  prehension,  yon  would  naturally  cxpec^t 
fbat  the  phalanges  would  be  more  length- 
ened and  <le!vler  than  where  tbey  arc 
employed  a»  organs  for  diggiugt  conse- 
quently yoaobsenre  them  lengthened  in  the 
climbing  squirrels,  shorter  and  stronger  in 
the  rabbit,  the  beaver,  nntl  ?ome  other 
digging  and  burruwing  rudcntia. 

In  the  posterior  extremities  of  most 
rodent  quadrupeds,  you  will  observe  tliat 
the  fibula  is  in  a  very  dili'erenc  condition 
of  development  from  the  nlna  in  the  an- 
terior extremities.  You  see  tli:it  both  in 
the  lai^e  and  in  the  small  skeletons  of 
the  rodentia  before  you;  for  the  fibula  is 
iiot  only  imnioveably  fixed  below  to  the 
side  of  the  tibia,  but  is  frequently  anchy- 
loscd  at  its  lower  part  to  that  bone,  so  as 
to  fonn  of  the  fibula  bnt  a  process  of  the 
tibia,  preventing  all  motion  bc■t^veon  tbcm, 
^  yott  see  in  the  beaver  and  uiany  otber^s, 
vhfle  the  radiys  in  the  anterior  exti*emi- 
ties  of  the  same  species  is  detached  from 
the  ulna,  and  both  tlv^o  bones  of  the  fore- 
arm are  moved  iicciy,  the  one  upon  the 
other. 

The  transverse  processes  of  the  coccygeal 
vertebi-s  you  observe  to  be  large  in  the  ske- 
leton of  the  beaver,  to  suit  the  form  and  the 
livinj;  uses  of  that  origan  while  in  the  tail 
of  the  squirrel,  the  iagotis,  and  many  other 
climbing  species,  we  observe  only  the  long 
cylindrical  bodies  of  the  coccygeal  verte- 
brae preserved  through  the  greater  ])art 
of  the  organ,  shorn  of  all  their  surround- 
ing processes.  The  one  form,  that  of  the 
beaver,  is  best  adapted  to  afford  surface 
fqr  muscular  attachments,  and  to  give 
strength  for  the  support  of  that  scaly 
cartil  aginous  covering,  flat,  like  a  trowel, 
which  .covcra  the  whole  of  the  coccygeal 
bones,  while,  iu  the  climbing  rodentia, 
mobility  is  studied  in  this  region,  as  a 
balance  to  tlie  body,  and  no  greater  mo- 
bility could  be  admitted  between  verte- 
hrm  than  where  their  isolated  bodies, 
those  lone;  cylinders,  meet  and  play  thus 
freely  upon  each  other  by  their  rounded 
extremities,  without  lateral  imucdimeut 
from  any  lengthened  procch -  ^  trans- 
verse or  spinous*.  The  hands  and  feet  of 
the  rodentia  tu-e  very  perfect;  tbey  have 
genenllyfour  toes  before  and  five  behind; 
the  metacarpal  and  metatarsal  bones  and 
the  phalanges  are  long  and  slender,  and 
the  ungual  phalanges  are  generally  pro- 
vided with  long  and  po%vcrfulclav8.  The 
perfection  of  these  fe  >t  forms  a  striking 
contrast  with  those  ot  the  ruuiinantia  and 
solid  uugula,  alike  organised  to  consume 
vegetable  nattuv  «ui  the  in^ 


feriorlty  of  organization  is  not  nismfeatsd 
equally  in  all  parts  of  the  skdstoft;  ibM 

chiefly  manifested  in  the  head  of  the  ro- 
dentia, and  in  the  feet  of  the  ruminating 
quadrupeds.  The  inequality  of  the  ante- 
nor  and  posterior  extremities  in  this  order 
is  most  remarkable  in  the  dipirs  or  gcrboa, 
where  it  equals  that  of  the  kaogmou», 
and  necessitates  the  same  kind  of  leaping 
guit.  We  see  this  Iciping  movement  by 
the  great  development  of  the  posterior 
extremities,  more  or  less,  throughout  tbi^ 
order  of  quadrupeds.  The  metfitarsal  bone 
of  the-  Lccrboa  is  .1  single  long  and  slender 
bone,  hke  thai  of  a  biid,  and  has  the  &ame 
three  pulley>like  artionlar  processes  at  ils 
low  er  extremitv,  for  the  attachment  of  the 
three  toes— a  structure  wiiich  we  have 
seen  to  be  cominon  ttomghont  the  in- 
thered  tribes 


From  the  great  uaiiu-ai  family  of  rodent 
quadrupeds,  where  the  skeleton  pre  sen  tn 
many  rommon  characters  of  one  tj'pical 
form,  we  pass  by  insensible  gradations  to 
that  most  mixed  order  of  marntfHal  quaA> 
rupeds,  where  there  is  no  uniformity  or 
ty}urril  form  of  the  skeleton,  excepting  in 
what  relates  to  the  marsupial  or  supple- 
mentary bones  of  the  pubis.  In  this 
group,  founded  on  peculiarities  of  tht  ir 
generative  and  mammary  systems, 
find  great  varieties  in  the  farms  of'  lbs 
skeleton,  and  transitions  to  most  other 
orders  of  quadrupeds,  founded  on  more 
natural  characters.  In  this  order,  mar- 
supialia,  which  Is  elMEacterised  hytomy 
indications  of  inferiority,  we  observe'-a 
tranaition  to  the  rodent  quadrupeds  ill 
the  masticating  organs,  and  in  the  gsiif- 
nil  skeleton  of  that  burrowing  speciei^  the 
wombat,  and  we  perceive  a  like  traiwition 
to  the  true  camivora,  in  the  skeletons  of 
those  powerful  and  predaceous  anfansli 
the  dnu/uri  aud  the  Ihylacinwt.  The  gene- 
ral iuiLiioiity  of  these  remarkable  mai^ 
supial  inhabitants  of  Australasia,  ii  tlM 
divided  oviparous  form  of  their  utertis, 
and  the  cleft  form  of  their  vagina,  which 
generally  correspond  with  »  hifareated 
form  of  the  glans  penis  in  the  male;  and 
the  clitoris  presents,  of  cooraei  the  same 
character  in  the  female. 

Their  iiMunm*  an  pteoed  in  the  marw- 
piunty  or  pouch,  on  the  exterior  of  the  ab- 
domen, for  receiving  and  cherishing  ths 
imperfectly  developed  embryos  isfaloh 
their  abortive  generation  forces  thr-'n  to 
cany  and  to  cherish,  long  after  they  have 
separated  from  tiie  uterus.  The  high  di- 
visiou  of  their  aorta,  and  the  magnitude 
of  the  femoral  and  epigastric  arteries, 
send  a  larger  flow  of  blood  to  the  external 
organs  of  lactation*  aad  rob  the  internal 
iliMi  wid  thttutsriMwtfrissolthAhhMd 
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HWesa^ry  to  perfect  the  development  of  The  slcull  h  peculiar  in  its  verj'  depressed 
uterus  for  a  complete  mo  ic  ol  pla-  form,  tiatteucd  above  and  extended  trans- 
cental  generation.  But  thc&c  pcL  uIiarities,  vmely*  The  orbits  are  continiioos  witti 
which  approftrh  their  genital  system  to  the  tern yjoral  fossae,  which  are  verywidc, 
tliat  of  nioiiotrenia  and  uf  birds  and  rep-  and  the  zygomatic  process  of  the  temporal 
tiles,  Iia%*e  little  inflvence  on  their  kind  bone  pre8ents»  instead  of  a  glenoid  cavity, 
of  food,  or  their  living  habitus,  or  the  ge  ne-  a  convex  transverse  rai  row  ridge,  over 
rai  structure  of  their  skeleton.  The  most  which  plays  ft  (  rly  the  long,  arched,  tran3- 
'(WBpmon  and  remarkable  character  of  verse  condyle  of  the  lower  jaw.  The  pcl- 
l&e&r  skeleton,  h  tbat  which  you  observe '  via  baa  the  same  broad  depressed  cha- 
on  the  antei  ior  margin  of  the  pelvis.  The  racter  as  the  head,  and  is  placed  in  a  line 
pubic  bones  present  on  each  side  of  the .  with  the  vertebral  column.  The  iliac  b  on  eg 
symjjhjrsis  pubis  two  artiqnlar  surfiices,  to  ■  fbim  a  large  curve  directed  laterdly  from 
>vliich  are  attached  the  arched  bases  of  the  p.icro-Ih'.ic  articulation.  Xbo  oasa 
-two  moveable  triatigular  bones  of  variable  ischii  have  their  tuberosity  of  gceat  aixe» 
iisEe,  which  taper  forwards  dongDie  abdo-  ;  and  of  a  tri-curvate  form,  extended  very 
incn,  and  are  placed  behind  the  pouch  and  j  much  laterally.  Each  pubic  bone  presents 
mammary  Rlarnh,  in  connexion  with  the  two  prominent  convex  articular  surfaces 
inusculur  paiictci  of  the  ubdoiniual  cavity,  for  the  two  ai'ticular  surfaces  of  each  laigc 
Inthesebones,  which  we  have  seen  in  the !  marsupial  bone;  so  that  between  each 
monotrema  and  in  reptik'S,  we  ])crccivc  a  niarsupird  bone  and  the  pubic  on  which  it 
fnitbec  a&xity  with  the  inferior  ovi])a- ,  rests,  there  is  a  large  open  canal.  The 
INme  veftebrahu  and  thev  are  usefol  here  j  sacrum  consists  of  five  vertebrae,  depresse4 
in  anliiig  the  cxpnlsion  of  the  very  small  and  flattened  in  their  form,  and  \  i'li  the 
uunbryo,  in  compressing  the  secretion  of  the  extremities  of  their  transverse  processes 
Auupmary  glands  into  the  nipples,  in  pro-  expanded  and  anchylosed,  so  as  to  form 
^ctms  internal  viscera  from  the  hc  i.veen  them  four  heart-shaped  canals* 
$lrug5lc8  of  the  young  in  the  pouch,  in  The  scapula  has  the  spine  deep  and  long, 
fiivfj^  support  to  the  external  parietcs  of  and  the  acromion  and  coracoid  processes 
ihfo  pouch*  I  of  great  size,  especially  the  coracoid. ' 

I  In  the  wombat  of  New  Holland  and  |  In  the  kangaroos  {Fiff.  103)  we  observe 
Van  Diemcn's  lAud,  we  have  the  dental ,  the  posterior  hali'  of  the  skeleton  to  bt 


formula  of  a  rodent  quadruped,  with  the 
bebvy  propin  tions  of  the  skeleton  and  the 
burrowing  habits  of  the  capyhara,  the 
beaver,  dml  maiiy  others  of  that  order,  but 
aceofoipinied'wi^hthe  supplcmcntarypubic 
boucs,  and  a  marsupial  mode  of  genera- 
tion, li{<c  alo^ost  every  other  indigenous 
qoadroiled  of  Australasia.  It  has  two  long, 

durved,  chiscl-ahaped  incisors  above  a!id 
below,  which  extend  backwards  behind  the 
hoUuw  rootii  of  the  molarcii,  and  have  a 
daoae  layer  of  edamel  <ioating^  their  anterior 
convex  y.mf-.we.  The  cuttinpj  edges  are  di- 
nutttcd  ouiaquely,  so  that  they  cut  chiefly 
hf!  the  latenl  sMitioR  of  the  lower  jaw. 
Themo'nr  trcth  have  a  remarkably  kmg 
and  curved  form,  with ,  the  convexity  di- 
rked Mtwards  in  the  lower  jaw,  and  in> 
^nrdala  th6  upper  jaw;  they  have  a  dou- 
ble  crewentic  layer  of  enamel  disi)oscd 
only  on  their  convexside,  m  that  it  covers 
the  exterior  surface  in  the  lower  molares 
and  the  interior  surface  in  the  superior 
molares.  Unlike  moat  rodent  animals,  the 
lower  jaw  ismnch  broader  than  the  upper, 
and  the  action  of  grinding  is  effc  cted  by 
the  motion  of  the  lower  nmlares  inwards, 
while  pressing  on  the  upper.  There  is 
ito  enamel  on  the  concave  side  of  these 
molar  teeth.  There  can  be  no  teeth  here 
between  the  incisors  and  the  molares,  from 
Ihe  bBoe  <Kf  the  indaors  occupying  entii-e- 
Ijr  HMft  ipM^  itt  thf  jftw,  as  in  rodeatiR. 


Fiff,  103 


largely  dc^■clope(l  in  all  its  proportions 
compared  with  the  anterior,  thus  agreeing 
with  the  general  proportions  of  the  rodenft 
quadrupeds.  It  feeds  on  vegetable  sub- 
stances, and,  like  the  rodent  <|Qadrupeda 
and  many  other  marsupialia,  it  has  twp 
incisors  only  in  the  lower  jaw,  which  are 
of  a  mucronate  form  atnl  covered  entirely 
with  enamel.  It  has  six  incisor  teeth 
above,  but  has  no  canine  teeth  in  ^tber 
jaw.  The  mohir  teeth,  both  of  the  upper 
and  lower  jaw,  present  broad  tuberculatcd 
enamelled  surfaces,  for  the  pounding  atid 
bruising  of  the  soft  vegetable  food  on 
which  this  animal  subsists.  When  they 
are  fed  upon  very  coarse  vegetable  sub- 
stances, it  has  been  observed  that  they 
have  the  power  of  bringing  up  a  portion 
of  that  matter  again  from  their  capacious 
and  complicated  stomacht  to  be  masticated 
in.  mm  suwtb,  as  we  s^  in  ruminaliDg 
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anliDats#  ^nd  tl;ic  condyle  and  glenoid  ca-  carnivorous  tribes  Of  tliis  or^er.liipall^tfil 


v^y  are  flat,  for  Yatei^l  motion  of  tHe  lover 
ja(W,  as  in  ruminantia ;  and  there  is  here 


teetll  dcvolnpcfl  ill  the  tipper  jaW.'  *tho 


also  a  very  long  coronoid  process  [Fit/,  petauius  and  the  plialani^ista  Still  prcSerVd 
103,  c),  extending  for  protection  through  the  two  long  spcnr-shiipcd  lAcfcldl*  iiitht^ 
the  zygomatic  arch.  ^  '!'  '_ 

Frouj  the  usewhicli  the  kangaroo  makes 
of  the  aruiij.  for  vuriuufi  purposes  relating 
to  itself  or  its  youngs  it'  requires  tb  h&yt 
c.\tcii::i\  c  and  \'aricd  luotioii  at  the  henrl 
of  tiie  humerus,  and  that  that  cxteu«iive 
motion  should  lie  accompanied  tdth  secti- 
jAtf  in  the  articuLition.  Tt  is,  therefore, 
provided  ^vith  a  clavicle,  and  the  radius 
admits  of  free  rotation  in  the  forearm.  It 
has  this  e.<Etenslve  motion  in  those  small 
arms,  for  the  ncccs^ii^ary  inunipulations  of 
the  young  while  they  arc  tender  and  rear- 
ing in  the  pouch,  where  the  mammae  and 
nii)i)]cs  are  ])Iac'ed.  It  uses  the  arms 
some|,imea  to  hold  branches  of  trees  while 
it  cats  the  leaves,  or  to  remove  sources  of 
irritation  from  the  surface  of  the  body, 
reaching  with  ease,  so  as  to  touch  and  rub, 


lower  jaw,  and  the  former  bas-Bfareidy<idij>) 

nine  teeth  both  above  and  bf'lo%'.  "   '  ' 
In  this  skeleton  of  the  Jlpiny  phalaogetV' 

nmrsuplal qundruper1>*,  liroiigbt,  -tiJtfl  rto<»l'> 
of  these  interesting  niarsiiuial  sldelcthoB-' 
nerw  before  you, 

by  my  intelligent  friend  Mr.  BarnW; 
observe  almost  all  the  detaila  to  agree 
with  those    of  the    larger  long-tailed 
species.    It  has  the  same  stfiooth,  flatpr 
depressed,  broad  form  of  the  ;?kiill,  the' 
orbit  continuous  'with  a  large  wide  '£^1S^^ 
matio  arch,  the  lower  jaw  coro^eSswHl^ 
most  to  a  point  in  front,  and  with  its  an- 
gles arching  inwards  and  backwards,  be- 
neath very  largely  dilati^d  mastoid  bones. 
The  clavicles  are  complete ;  the  long  slen« 
der  iliac  hones  are  attached  to  only  -osa 
all  parts  of  the  body  with  those  arms,  or  to  i  sacral  vertebra,  and  a  small  paist  of  a  sc- 
emurace  forcibly  its  antagonist  while  it  eond.  The  radius  and  the  fibula  are  deve- 


tj^ara  it  with  the  large  hind  feet, 
'^^e  coccygeal  vcrtcbnc  of  the  kanga- 
xoo  are  remarkable  for  their  magnitude 

and  strength.  So  iiinall  are  the  anterior 
extremities,  that  the  cocc  yt^cal  region  of 
thi^  quadruped  serves  as  a  ])illar  of  support 
for  them  in  their  ordinary  leaping  mode  of 
progression  ;  for  you  will  observe  tliem 
moving  by  successive  bounds  and  leaps; 
throwii^  the  whole  trunk  of  the  body 
backwards  upon  the  hind  feet  and  the  tail ; 
then  by  the  siuiultaneous  etforts  of  these 
members  tliey  throw  themselves  forward 
by  bounds  without  once  ;ipplying  anns  or 
hands  to  the  tr  round.  Tbey  have  along 
nar|o\y  longitudinal  pclvi«<,  in  which  the 
fllap  Uenes  extend  forwards,  free,  and  di- 
verging along  the  sides  of  tlio  hunbar  ver- 
tebrae, and  they  are  attach '3d  to  the  vertc- 
Ifpil  column  only  hj-  a  single  narrow  sacral 
•^'crfebra,  and  a  small  part  of  a  second. 
'i('he  marsupial  hones,  present  in  botli  sexes 
of  marsupial  quadrupeds,  are  here  ver}- 
•ma]],  and  attached  hy  a  sharp  convex 
edge  to  the  narrow  margin  of  the  pubic 
bQucs.  In  the  great  size  and  length  of 
•their  metatarsal  bones,  they  remind  us  of 
the  Canon-honi's  of  rthninantia,  hut  there 
are  here  four  of  these  bones  in  each  foot, 
correspondftig  with  the  four  very  unequal 
toes.  The  two  inner  toes  arc  developed 
throughout,  but  remarkably  smnll,  and 


loped  tliro'i'^hout.  Tbe  broad  -  crowned 
molares,  with  elevate(|>ifhei[^ett|-f^^c^c 
petauri,  lead  UB  to  the  true  ^^ecuvorous 
teeth  of  the  pera»tele»,  and  df  tlie  oi>os- 
sums  of  America,  and  of  that  web-footed 
aquatic  species  the  chiro^iecttts  of  Guiana. 

The  bones  of  a  marsupial  insectivorous 
quadruped  much  rijserhblinj^  those  of  the 
opossums  at  present  inhabiting  Americi^ 
were  found  In  the'old'CiH^Ar}'  gypsUtti'fhiv 
mation  of  the  Paris  basin,  and  jaws,  erro- 
neously ascribed  to  the  same  animal,  have 
been  found  in  a  nmcb  older  secondary 
rock,  the  Stoiiesfield  oolite  neif  Oitfttilll 
The  ])ortions  found  in  the  Paris  g}'p^3um 
[Fig.  104j  presented  all  the  more  interest- 
ing  and  characteristic  piMtf  of '^^4ciel«u 

'  •  - '  '<»•».  ,,fr  'OTjh 

•  ;:i   ,1  •ii;v^ 
>y\'  fiOA  oifi- 


1 ' 


ton, 
jaws. 


K  ii  .vfbnoo 
as  the' teeth,  the  nid  IMNr 

the  vertebral  colimin  and  ribs,  thfe 


-ttWted'fogether  by  the  integuments  to  the  sacrum,  the  pelvis,  and  the  niarsi^yial 
last  phalanx.  The  outer toe^'tliangh  larger  bones  {Fig.  194,  <ltf),  atad  seme 'Vf'gibB 
than  these,  is  very  small,  compared  w  ith  bones  of  the  arms  and  legs,  and  sboWvl 
the  long  and  strong-hoofed  middle  toe.  on  that  this  remarkable  tribe  of  quadruMd^ 
which  chiefly  depend  the  progressive  iW6-  now  confined  to  two  remote  pmnte  or-^e 
^Jon  and  the  defence  of  the  animal.  globe,  have  once  been  spread  over  the  old 

Wc  approach  the  insectivorous  and  world,  and  inhabited  our  own  ktiMdte. 


4.'T 
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Ii^HAitflf^  nlF^tcttis  ami  tknlls  of  the  iUttff.- 1  itcvte  to  be  taken  now  and  tlimi,  and  amne- 

«rf,  ftnd  tbyfaciuius,  the  most  carnivorous  |  times  a  dose  of  pnh.  jalapii  and  submvr. 
of  aU  the  indt^^^u*  inumiualia  of  New  i /<y(/r.,  according  to  circumstances,  bat  I 
Holland  and  Van  Dicrocn's  I^tul,  we  per-  j  never  use  mercury  alone  as  an  ttitenial  or 
ceive  nciii'ly  tht-  same  chaiactcra  in  the  j  a  constitutional  remedy. 
te«th,  ill  the:  defkii  ncy  of  the  orbits,  in  '  I  chiefly,  however,  \vish  to  descri!)(»  my 
the  elevation,  strength,  and  magnitude,  of!  treatment  of  the  same  kind  of  warts. 
t^^j&}'go9MLtic  a^rcli,<apfl  in  the  general  .  When  at  Whitehaven  I  was  once  exceed- 
detail^  of  the  skeleton  which  wc  find  in  the  ingly  annoyed  and  disappointed  in  the 
ordeA':  parnivoray  to  which,  we  next  pro-  jusie  of  the  n.  a^ycnU  to  them.  A  man 
c^i^d<  They  all  pre^jcmt  eight  inciaoj-s,  came  one  day  to  the  dlspensaiy  with 
hPW^T^^i  'in.  thq  upper  jaw,  while  the  car-  warts'  all  around  the  corona  glandis,  pre- 
nlvoit)U!<  non-marsupial  quadrupeds  have  senting  a  complete  circular  fringe  of  them. 
o$4yi/^i'V  jTUeii-  true  roolares  are  all  tuber-  j  He  had  had  gonorrhoea,  but  the  discharge 
C|p||HP(d;^tprnally  like  the  single  carnivo-  was  nearly  welL  He  was  imder  the  in- 
rpu8|t99tKin  the  upper  jaw  of  feline  uni-  lluencc  of  mercury  v  Ikmi  he  applied,  lia\'- 
M^il^*.ll.^e^  I^Y^^y  ^'^'^  ^^^^        previously  been  salivated  by  a  drug- 

gist.  T  first  cut  a  piece  from  each  of  the 


tigpn  df.till^  yaat-anq  isolated  cotttinent  of 


ArrMCATlOX  OK 


warts  with  a  ]»air  of  scissors,  and  thenap* 
plied  a  stick  of  lunar  caustic,  repeating  it 
as  often  as  the  eschars  were  removed,  and 
indeed  until  I  was  wearied  of  its  applica- 
tion, for  no  sooner  did  I  think  I  had  com- 


-ny. 

■■ROJIRY^  LIQUOR  AMM«Ni^ACErATiS,il>'^'lclv  removed  them,  than  they  sprang 
'Oi  jt  ANAi  VYAOUClNEOUS  ACID,  np  as>in  as  fresh  as  ever,  and  with  anus-' 

'  ing  celerity.    Observing  the  insufficiency 
of  the  lunar  caustic,  I  looked  around  for 


TO 


'*1^teRE.\L  AND  GONORRHCEAL 
«ooiov:jj^j^pgjjj^  AND  WAilTS. 


To  the'ff^tor  &/ Thk  Lanckt. 


more  afllcacioas  remedy,  and  at  length 

was  induced  to  try  the  liquor,  ammon.  acet. 
It  succeeded  beyond  my  expectations,  and 
I  found  thiit  the  stronger  the  saturation 
the  more  effectual  it  was,  not  causing 
irritation,  either,  like  lunar  caustic.  Be- 


^.-^laj-^Dr-^ Wallace's  clinical  lecture  oujyond  this  1  merely  ordered  the  man  to 
qiwea  ..x)f  .venereal 'disiease,  pubfithed  in  j  take  a  dose  of  sulphate  of  magnesia  now 

yonr  expclfent  Journal,  February  the  ir)th,  \  and  then.  The  lifi.  junmon.  acet.,  strongly 
induces  me  to  make  a  foyv  observations  j  saturated  w  ith  ammonia,  was  frequently 
QR,  the  local  ueatment  of  venereal  and  applied  to  the  warts,  and  they  disappeared 
^QQorsbatal  ulcers  and  warts.  1  am  not] in  a  very  short  time.  Reflecting  further 
at-all  surprised  that  the  nitrate  of  silver  on  the  subject,  it  occurred  to  me  that  the 
|pieal(V  *  pt  imaiy  venereal  ulcer  sooner :  substitution  of  the  pyrolignic  for  the  com- 
ljbk^-.^e.^ack  wa^  fince  the  mercury  j  mon  add,  might  increase  my  power  over 
jlppcssaiily  undergoes  a  partial  chemical |  such  warts;  and  in  1H2I>,  when  practising 
decomposition  when  mixed  with  lime- .at  Cockennnutb,  where  I  was  surgeou 
water,  and  tims  its  normal  effioet  upon  |  both  to  the  dispensary  and  to  the  ^t>rk- 
the  sore  may  be  greatly  diminished.  Vet  j  house,  I  made  trial  of  it.  Several  pa- 
it  does  heal  those  sores.  When  1  was  otfi-;  ticnts  there  applied  to  me  with  this  kind 
ciating  medical  officer  to  the  Jf'Ai7<A«w«' of  excrescence.  One  of  these,  a  fenialjB 
JMtpemtary  in  18li3»  1  repeatedly  healed  about  seventeen  or  eighteen  years  Of  agc, 
gonorrhceal  and  venereal  ulcere  by  the  had  several  warts  and  \\arty  excrescences 
focal  application  of  the  avMiHur.  hydr.  ■  about  the  anus  and  interior  surface  of  the 
alone,  andj  tiow  ^beg  to  that  1  con-  ;.hkbia  pndenda,  varying  from  the  sice  of  a 
bider  this  remedy  to  possess  two  advan-  kidney-bean  to  a  half-crown  j)iece,  ac- 
tages  over  the  n.  aryenti ;  first,  its  uppli- 1  compauicd  with  gouonbiva.  A  lotion  and 
cation  is  unattended  by  pain ;  and,  se-!  sulphas  inagnesisc  were  prescribed  for  her, 
GOiHlly,  it  absorbs  any  fluid  matter  pre-! with  directions  fo  apply  tocally  the  fol- 
•stent,  and  by  this  means  prevents  irrita- *  lowing  liquids 


cjH^n  .iA  ttift  surrounding  parts.  I  do  not 
fiE(V|ii»  IsoieiBlMr  aamdao^  symptoms  com- 
itig  ion  subsequently  to  its  apiiiication.  1 
invariably  direct  the  patient  to  wash  the 
,  venereal  or  gonorrhosal  nlcera  three  times 
'!,!() <^y  with  a  little  warm  water,  to  dry 
/  them  well,  and  then  apply  the  submur 


Acidi  Pjfrolygnei  %\ ; 

(^b..  Ammonia  q.  s.  ut  ad  satis  satu- 


Fx 


\  shall  only  add  that  the  warts  were'fc 

moved  by  these  means  with  surprising  n 
pidity,  and  that  she  was  soon  free  from  s 


•A^>>  iirdemi;  4  do^e  of  the  nUphaU  tn<V|C^">pUij^t,   in  my  practice  this  Uqu 
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^   Afisi.  Sal.  Com.  Pss;  Sttlj^k.  Muff* 
naiiE  3vj ;  Manna  5ij  M.  Ft.  miSu 

In  a  few  days  all  the  symptoms  had  sub* 
sidedi  end  sbe  did  perfectly  well. 


lutM  alqo  proved  a  most  powerhil  and  ei!i- 
caciovs  remedy  for  warts  on  the  handti. 

I  direct  my  jjatlcMits,  first,  tn  pare  the  cx- 
^sresceuc^  down  with  a  shdrp  knife  or 
ra7or  as  much  as  possible  without  causing ; 

them  to  bleed,  and  then  apply  the  liquid.     qi«  2.-On  the  lUh  January,  IKM,  I 

The  oftener  it  is  used  the  sooner  the  warts  I  Tester,  of  Pembury,  who  was  la. 

wai  b€  removed.    I  hey  should  be  pared  ,  i^^ring  uncler  hernia.  After  t^inn^  our  fa- 
down  about  eveiy  second  day.   I  am,  Sir,  remedy,  1  used  the  Uxi:*  for  more 
yours  YCry.respectfuUy,                         t,^^„  a„  hour,  when  the  tumour, the  sixeof  a 
«      ^  •          «.   1     .         l'*'!^*?!!;*    walnut, disappeared.  Ordered haustuspiir- 
Aspatna,  Cumbertond,  Maich  2y,  1834.  |         Nextmorning  the  report  wa«.no:.tool 

  :  or  diminution  of  the  symptoms.  I  went  ti» 

her,  and  found  the  tinnour  again,  which  I 


CASES  OF  HERNIA. 


could  empty  of  its  contents,  but  tlie  intes- 
tine lay  loosely  without  and  would  not 
return.    It  was  evident  that  nothing  but 
To  the  Editor  of  The  Lancet.  the  operation  wmdd  relieve  her,  I  ac^tiord- 

SiR,—ATtlion!;h  the  following  cases  have  ^^S^Y  procured  my  instruments,  and  the 
nothing  very  uuusual  in  tiieui,  yet  as  I  assistance  of  some  fnends,  when  we  loand 
believe'a  plain  statement  of  them  will  not  »  considerable  knuc  kle  of  mtestuic  down, 
be  withnnt  yroot],  p.  rhaps  vou  will  have  i  milaraed,  and  adberuig  to  the  sur- 

the  kindness  to  insert  them  in  your  | '  oun^li^S  P^^'^^ completely,  that  many 
journal,  at  a  convenient  time.  The  badln*""^*  were  occupied  in  its  separation, 
state  of  the  omentum,  and  its  re.noval'*^  ^^'^s  then  returned  without  trouble; 
with  impunity,  in  the  first  case,— tlic  uni-  violent  iufiamraation  of  the  reduced  por- 
tewal  adhesion  of  the  intestine  and  its  tion  of  intestine  foUowed,  but  gave  way  to 
separation  with  safety  in  the  second,- and !  leeches  and  the  usual  remedies,  and  she 
the  peculiar  situation  of  the  hernia  and  soon  recovered. 

Case  3. — On  the  2rth  of  January,  at  four 
in  the  morning,  1  visited  John  Bcecher, 
setat.  32,  with  whom  an  assistant  bad  been 

endeavouring,  since  elc\  eu  iu  the  evening, 
to  reduce  an  inguinal  hernia,  having,  in 
couse(}uence  of  great  tenderness  of  the 
tumoui  ,  wry  properly  bled  him  to  Jxviy, 
previous  togivinp^the  ojiitim  and  camphor; 
the  tumour  proving  irreducible.  The 
hernia,  instead  of  proceeding  into  the  scro* 


testis,  together  with  the  almost  sphace- 
lated state  of  the  intestme  in  the  thii-d,  arc 
tlie  points  which  make  them  interesting. 
I  am,  bir,  your  obedient  servant, 
Jonathan  Monckton. 
Brencbly,  Kent»  March,  1834. 

Cane  1.— On  the  7th  of  June,  mv:>,  I 
saw  Mrs.  Cox,  of  Five  Oaks,  and  found 
her  labouring  under  femoral  hernia.  I 

gave  her  four  grains  of  purified  opium,  .       i.  i  r  n      in  l• 
and  the  same  quantity  of  camphor,  Which  t"'n»J?ad  followed  Poupait  8  ligament  to 
produced  (as  I  have'ever  found  it  to  do)         the  superior  anterior  spmouii  process 
the  most  desirable  state  of  faintness  and 


exhaustion,  with  profuse  perspiration. 

Notwithstanding  the  remarkable  efficacy 


of  the  ilinm,  and  presented  also  a  small 
hard  tumour  at  its  outer  edge.  "  That, 
Sir,"  sr.id  he,  "is  my  tC5<ticU,  which  has 

which  in  our  practice  attends  this  rt  nK'di^;"^^'^^^!^^^^"  4°^'''^*'^  "'^ 
the  herniH  couia  not  be  retunied,  and  I        attempting  to  reduce  the  bemia.  he 

^1  AS_.  complained  so  mncn  of 


consequently  proceeded  to  the  operation 
in  the  usual  way.  I  found  a  small  knuckle 
of  intestine,  and  about  two  ounces  of 
omentum.  The  latter  had  lost  its  nattiral 
texture,  was  in  a  lump,  and  so  much  dis- 
coloured, that  I  removed  it  at  once  with 
the  scalpel.  Only  one  small  vessel  bled, 
which  was  secured  with  a  thin  single  li- 
gature, and  the  parts  were  returned  with- 
out difficulty.  The  next  day  she  had  dis- 
tentiott  of  the  abdomen,  wi^  extreme 
tendemess,  and  no  stool.  I  gave  her 
Oiei  Jiicini,  and  the  following  : — 

Be   Hrjdr.  Snhnmr.  grs.  xij  ;  Pulv.  Opii 
grs.  iij.  Ft.  piL  x^.  Capiat  \i  ter- 
tia  quaqoe  bora  cum  6ta  parte 
.  aist.  sequqnte* 


mplained  so  much  of  soreness  in  the 
tumour  and  severe  pain  across  the  um> 
biltens  that  I  desbtod,  and  directed  2S 
leeches  to  thetumour,  the  w  arm-bath,  &c., 
during  the  use  of  which  many  unsuc- 
cessful attempts  were  made  at  i  cduetion. 
On  proceeding  to  the  operation  again, 
nssiitcd  by  my  friends  as  before  (Mr.  Prince 
of  Tun  bridge  Wells,  and  my  uocle),  we 
found  about  three  inches  of  intestine 
down,  more  than  half  of  which  was  of  a 
dark  t^ive  colour.  After  dividing  the 
stricture,  the  intestine  returned  with  great 
ease ;  but  about  two  ounces  of  thickened 
omentum  would  not  retum  without  greater 
pressure  than  1  felt  justified  in  using.  X 
therefore  removed  it  with  a  scalpel.  Four 
artsriet  i^ere  tiet^  aue  portion  of  eadi 
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j  muscle,  u»  food,  into  the  mouth  of  the 
actinia,  and  the  actinia  is  a  moiltbAil  to 
[the  fish  or  the  crab.  The  Crustacea  are 
shielded  in  armour  to  destroy  everything 
that  comes  within  their  iron  grasp,  but  the 
birds  dash  their   armour  to  pieces  by 

  -  ,  cleaving  them  on  rocks,  and  feed  upon 

COMPARATIVE  AN  ATOMY  '  their  living  carcass.   The  teeth  of  the 

'.  proboscis  of  the  gasteropod  tear  the  living 
( fiesh  of  the  worm,  the  erah  seizes  the 
j  gasteropou,  and  the  cephaiopod  stretches 
j  its  long  arms  and  whets  its  strong  mandi- 
I  hies  to  make  a  victim  of  the  crab. 
I  Rut  the  fisheshave  stomachs  for  them  nil. 
Fishes  are  the  larviu  of  amphibia,  and,  like 
the  Iftme  of  bisects,  they  are  intent  only 
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upon  prey  to  satisfy  their  gracious  ap- 
petite i  but  the  flocks  of  water-fowl,  with 
appetites  fts  keen,  and  mth  an  eye  and 

  I  uiovcincut  suited  to  their  wants,  ibllow 

LECTU&JS  XXVI.  along  their  line  of  march,  and  kill  them 

«c.^r./^»«,,,r  «^  „.  by  shoals.   The  frogs  kill  the  snails  that 

OKTHB  OSTEOLOGY  OP  CABNITOROUS  fiitf  upon  the  turf;  the  serpent  kills  the 
Ql  ADiU  PKDS.  wearied  bird  returning  to  its  nest,  and  the 

There  is  much  harmony  amidst  ap->  crocodile  kiUs  the  unsuspecting  deer  at* 
parent  dtsovder  in  the  works  of  nature^  tracted  by  the  yerdnre  of  the  bank. 
There  are  other  destructive  creatures  Mo<it  of  the  (iiiadnipeds  \vc  have  been 
beaides  fierce  lions  and  tigers.  The  juicy  i  hitherto  considering  are  organized  to  feed 
leaves  of  the  diontBa  allare  the  hungry  in- 1  on  the  lowest  forms  of  organized  matter* 
sects,'  then  crush  them  dead,  and  throw  |  oti  vegetable  substances  which  are  pro* 
their  carcasses  from  the  downvsnare.  The  duccd  in  vast  and  unceasing  abundance 


busy  Huiiiialeules  seem  intent  only  on  the 
destruction  of  their  ininnter  races,  each 
impelled  by  the  hunprer  of  a  hundred 


over  the  surface  of  the  earth,  and  possess- 
ing to  low  a  d^i«e  of  Titali^,  that  there 

is  no  satisfactory  reason  to  induce  us  to 


stofi^aobs.  The  arborescent  zoophytes,  |  believe  that,  while  those  vegetable  suh« 
with  »■  thousand  nooAs,  nre  seen  to  de- 1  stances  are  bmisod  and  need  at  arlldes  of 


stroy  at  every  instant  wliole  hecatombs  of 
those  poiygastric  animalcules  which  swarm 
in  the  waters  ai-ound  them.  In  its  turn 
each  plant -like  animal  is  tbe  abode  of  a 
thousand  parasitic  Crustacea  and  nioHusca 
that  consame  Uie  tender  polypi,  and  these 
paiwitic  intruders  are  Aetonred  by  the 
annclides  thnt  Inr!:  in  tubes,  concealed, 
like  serpents,  among  the  branches.  The 
aoalapha  seise  the  nueroseopio  crustaeea 
that  swarm  like  animalcules  through  the 
sea,  and  their  gelatinous  bodies  are  them- 
selves the  prey  of  moUusca.  The  velella 
kills  the  monoculi,  and  the  janthina  kills 
the  velellsQ,  The  tiito  i«ila  the  4etafiM 

No.  555, 


food,  they  suffer  pain,  OT  have  anute litdp 
ings  of  any  kind. 

But  we  find  in  the  order  of  cm^i' 
rorom  quadrupeds,  which  we  are  now  to 
consider,  beings  that  arc  ol)vioii  or- 
ganized for  the  purpose  of  destroymg  only 
the  higher  forms  of  orgaiusation,  where, 
from  every  analogy,  we  are  forced  to  be- 
lieve that  there  are  sensibiilty  and  feel- 
ings nearly  as  acute  as  those  with  which 
the  human  body  is  possessed.  We  might 
at  first  imagine  that  it  was  a  defect  in  the 
economy  of  nature  to  form  tribes  of  buings 
with  instincts 'and  wlth^  ioitniaients  like 
those  of  the  cainivaiiiy  adifled- Ibr  thia 
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destruction  of  living  anlmalfl.    We  sec) forms.   Man,  peiliap^  ia  tiie  most  de* 

OuA  fhe  insti-umenta  of  the  canuvoruus  |  stractive  species,  as  &r  as  relates  to  ani- 

quadnip<»<l5,  their  jaws,  their  teeth,  and  mal  forms,  that  liasappeare<l  on  the  suifai  o 
their  taioni>,  are  constructed  iu  the  best ^ of  this  planet}  for  it  is  not  to  feed  u^jon 
manner  for  seizinic  livinf^  prey,  for  break-  j  the  giraffes  thai  he  hunts  them  from  their 
ing  their  bones,  for  teariii'r  t*ie  fic-  Ai  from]  wilds;  it  is  not  to  feed  upon  the cle[)hants, 
their  jjalpitatiDg  limbs.  W  e  see  in  the  i  the  camels,  and  various  other  quadrupeds 
livins;  Htate  that  they  possess  an  the  requi- 1  whose  races  are  now  but  limited  corn- 
site  cnmning,  all  the  marks  of  plaimint^  to,  pared  with  wLhi  they  om-e  were  upon  the 
ensnaretheirvictims,  and  str(  i'.gth  to  over- j  earth,  but  often  for  the  gratilication  of  a 
come  theiu  wlien  taken ;  naj',  wc  .see  that  j  corrupted  taste,  or  of  unnatural  propen- 
nafcnre  has  greatiy  assiiited  them  in  theirjsifies  which  appear  to  hare  been  developed 
destructive  propcusitit  s,  by  throwing  over  I  bv  civilization.    The  wild  and  untutored 


many  of  them  a  mantle,  which  is  the  best 
adafvled  by  its  coloor  amd  niartcings  to 
conceal  them  from  the  quadrupeds  that  arc 
destined  to  fall  their  pey ;  for  wc  see  that 
thiB  tigers,  and  tiie  hons,  and  the  pumas, 
and  ^e  leopards,  and  the  panthers,  and 


Indian,  with  liis  bow  and  his  arrow,  ap- 
pears to  be  guided  someCimes  by  more  na- 
tui  al  feelinf»8  in  hi-?  attack.«  on  the  brtite 
creation  than  the  inhabitants  of  civilized 
nations.  Bven  from  the  eariiest  period  we 
see  the  influeiice  of  man  exerted  in  the  de- 


the  servals,  and  the  jaguars,  have  that  sort  j  stniction  of  the  races  of  animals,  and 
of  dusky  In  own  colour  thrown  over  them  j  e%'en  cf  entire  species;  oWsei-ve  the  snn- 
whieh  i8  produced  by  rlu-  setting  lieams  of  •  guinary  spectacles  nf  Rome  and  other 
•  tropical  sun,  reflceted  from  the  ground  !  civilized  courts.  So  that  the  carnivorous 
where  they  lie  in  watchfulness.  As  many  1  quadrupeds  are  not  the  only  beings  that 
of  Amoi  are  destined  to  eonceal  fhemr-jhavetliiitapowerfelhiflaeikGein  dbecWn^ 
selves  among  the  brushwood  and  the  the  development   and  sjjreadint^  of  the 


fallen  leaves,  }'Ou  see  that  the  leopard  and 
the  panther,  and  various  others,  are  spot- 
ted and  mottled  like  those  decayed  and 
fallen  leaves  on  which  they  rest,  and  that 
their  instinct  causes  them  to  remain  quiet, 
hidden,  and  motionlese,  until  tiie  unsus- 
ppf  ring  quadruped  approaehesnear enough 
without  yerceiviog  its  danger. 

When  we  observe,  however,  that  there 
are  such  myriads  of  animals  which  are 
constantly  hdHiod  in  consuming  vege- 
table niaUei,  and  which  live  not  only  in 
comparative  security,  but  are  the  moet 
fruitful  of  all  species,  we  find  that  it  is  ne 


more  protected  and  fertile  species  over  the 
earth.  The  progress  of  cultivation  even 
iu  removing  or  destroying  e\  tensive  forests, 
which  serve  as  a  retreat  for  quadrupeds, 
ur  applying  the  trees  to  the  uses  of  man« 
changes  the  aorfeee  of  ialanda  and  con- 
tinents, and  removes  the  po^-^ibility  of 
many  races  propagating  and  contiuuiug 
in  safety,  and  uins  tenot  to  their  gradual 
extinction.  Without  the  lions  to  thin 
their  race,  how  would  the  gigantic  elo* 
phanU  and  the  powerful  rhinoceroses 
overrun  the  eaa^  and  the  ponderous  hip- 
popotami swarm  in  the  rivers  of  Africa. 


eessary  that  nature  should  iiave  provided)  There  are  tigers  and  leopards,  because 
•ome  means  for  thinning  the  races  of  those)  the  rich  plains  of  Africa  and  Aaia  were 

beings,  as  they  would  otherwise,  by  their  J  not  destined  alone  for  hordes  of  hulfalos, 
myriads  and  their  safety,  consume  the  and  antelopes,  and  deers,  and  cnniels, 
whole  vegetation,  and  ovemm  this  earth  |  and  dromedaries.  The  lamas  and  the  pacas 
wJthtiieir  progeny.  It  is  necessary  for  [are  not  more  able  to  overrun  the  New 
the  preservation  of  all,  to  maintain  the  Worlri,  nor  the  myriads  of  rodentia  that 
halanoe  among  the  lorms  of  quadrupeds,  |  swaiui  lu  the  vast  savannahs ;  the  jaguars. 


and  to  conthiue  ttie  progressive  m'arch  of 

development,  that  there  should  Ik-  some 


the  pumas,  the  ocelote,  and  a  hundred 

other  ci.rnivora,  ai-e  the  checks  to  their 
disproportionate  increase.  And  similar 
antagmdsls  are  foond  ia  «&  countries  to 
the  too  vapid  inorcase  of  h»bivon>ui 

cies. 

Looking  at  the  instruments  with  which 


having  all  the  structure^  and  the  propen- 
sities, and  instincts,  similar  to  those  which 

we  sec  so  highly  developed  in  the  carni- 
vorous order.  Sf>rno  of  those  carnivorous 
quadrupedii  plougli  the  depthst  of  the  ocean 

iti  pnnuitof  their  prey^  as  the  taah^  the  i  the  carnivorous  quadrupeds  are  furnidH 

otaria?,  arul  the  w  alnises;  and  we  saw  |  ed  for  their  living  habits,  lor  the  destruc- 
the  dolphins  and  the  porpoises,  belonging  tion  of  living  animals,  we  see  eveiy  thing 
to  an  inferior  order,  poss^sing  similar  i  planned  in  the  nuMt  perfeot  manner*  W6 
instincts.  see  all  their  bones  po:'<::C>^5ing  great  den- 

When  we  consider  these  matters  ina|8ity  and  strength;  ossification  has  ad- 
gwieral  way,  what  at  first  appears  a  want '  vanced  in  them  to  as  high  an  extent  as  iu 
of  hanunf  in  the  s>'Stem  of  animated !  any  of  the  class  mammalia.  This  is  indt- 
nature,  appears  in  reality  to  bp  a  hpantifi))  cate<1  hy  the  density  of  their  bones,  by  the 
provision  to  give  penuaniBnce  to  ail  the  quantity  of  the  phosphate  of  Uue  whkli 
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enters  into  their  composition,  and,  ooose- 
quently,  the  compactness  and  soliditfof 
the  parietes  uf  all  those  bones,  and  the 

strength  of  tlio  processes  for  the  attach- 
ment and  the  insertion  of  powerful  mus- 
cles. We  see  it  especially  manifested  in 
those  parts  ci  the  skeleton  which  are  to 

serve  more  irnme(liatol5'as  the  instruments 
of  destruction,  as  in  the  head,  the  feet,  and 
the  arms. 

In  the  skulls  of  carnivorous  quadru- 
peds, as  iu  this  of  the  lion  (Fig.  105},  we 


^.105 


dtiserre  that  the  transverse  ridge  of  the 

occipital  boiiC;  is  remarkfihly  bi^li,  sharp, 
and  prominent,  and  also  the  longitudinal 
ridge  extending  between  the  parietal 
bones;    that  transverse  occipital  ridge 
sei-ves  for  the  attachment  of  the  princi- 
pal mnsdfes  that  connect  the  head  behind 
to  the  trunk  of  the  liodjr,  and  asnst  in  the 
tearing  up  of  the  masses  of  flesh  from  the 
dead  quadruped  which  is  held  down  by 
the  arms.    It  is  in  consequence  of  this, 
also,  that  the  transverse  processes  of  the 
atlas  and  the  spinous  process  of  the  axis 
sre  so  largely  developed  in  camivorons 
quadrupeds.    The  enormous  projection  of 
the  longitudinal  parie  tal  ridge,  which  is 
so  extraordinary  in  this  hyena,  in  this 
badger,  in  this  tiger,  in  this  Uon,  and  in 
most  other  crunivora,   depends  on  the 
great  development  of  the  temporal  mus- 
cles, those  powerfiil  miisdes  which  are 
to  act  upon  the  very  high  and  very  large 
coronoid  process  {Fiff.  105,yj  of  the  lower 
jaw,  and  bring  that  jaw  with  great  force 
against  the  upper.    The  parietal  bones 
early  unite,  and  completely  anchylose,  in 
the  carnivorous  quadrupeds,  so  that  oil 
trace  of  sagittal  suture  early  disappears, 
in  order  that  the  head  may  not  be  torn 
asunder  by  the  vigorous  action  of  the  tem- 
poral ninscles* 

In  the  interior  of  thC  craniuin,  which  is 
here  capacious  for  a  largely  developed 
brain  and  complicated  instincts,  we  oh- 
serve  an  osseous  pbite,  passing  from  the 
one  side  in  an  arched  form  to  the  opposite, 
and  situated  between  the  cerebellum  and 
the  posteriorpart  of  Ibe  hemispheres  of 
the  bndn.  lliis  oftsMed  tentorium,  so 


lar5;oly  developed  in  the  carnivorous  qua- 
drupeds, strengthens  the  skull,  supports 
the  brain,  and  serves  to  check  the  impulse 
of  the  hemispheres  of  the  brain  upon  the 
cerebellum  during  the  leaping  and  bound- 
ing motions  of  these  active  animals  in  at* 
taddng  their  prey.  The  feline  carnlvora 
are  mostly  nocturnal  animals,  lurking  in 
jungles,  in  caverns,  or  in  obscure  places, 
and  springing  suddenly  upon  their  picy, 
from  or  to  considerable' heights,  and  com- 
ing down  with  as  great  force  as  they  can 
command,  to  strike  with  the  arms,  to  stun 
the  prey,  and  to  bring  it  to  the  ground, 
j  that  they  may  the  more  easily  hold  it  in 
the  position  most  convenient  to  have  it 
torn  to  pieces.  The  impulse  of  those  high 
leaps  would  also  affect  many  of  the  inter- 
nal organs  of  the  body,  and  especially  the 
soft  organs  contained  within  the  cavity  of 
the  craniutn,  were  it  not  for  the  peculiar 
soft  construction  of  the  feet,  and  the  sub- 
divided form,  and  the  elatic muscular  forcOf 
of  all  the  extremities. 

The  brain  is,  in  proportion,  larger  In 
carnivorous  than  in  ruminating  animals. 
This  is  necessary  for  the  development  of 
those  instincts  and  that  cunning  wlddl  thQ 
carnivorous  quadrupeds  reqjiire,  in  order 
to  enable  them  to  ensnare  and  seize  upon 
their  less  si^iadoas  and  less  sospectiag 
prey. 

In  examining  the  ruminating  quadru- 
peds, we  already  saw  that  it  was  a  better 

provision  in  nature  to  endow  them  wich 
a  comparatively  small  centre  of  the  nerv- 
ous system,  so  that,  with  less  sensibility 
and  less  canning,  they  suffer  less,  and 
fall  more  easy  victims,  as  designed  by  na- 
ture, to  carnivorous  animals,  which,  in  all 
their  physical  stmcture,  aswvll  as  in  their 
intellectual  operations,  always  indicate  a 
superior  degree  of  development  to  vegbtA- 
ble-eatin  g  quad  r u  peds.  Thie  carnivora  are 
superior  also  in  the  development  of  their 
muscular,  respiratory,  and  vascular  ifyi- 
tems. 

The  temporal  bone  hot  its  zygomntie 
process  extended  almost  to  a  right  argle 
from  the  squamous  portion  of  the  bone; 
it  then  suddenly  bends  forward  and  up* 
wards,  and  produces  an  enormous  zygA* 
matic  arch.  Tims  a  small  portion  of  thIS 
part  of  the  temporal,  with  its  deep  trans- 
verse glenoid  cavity,  would  indicate  to 
you  the  great  development  of  the  zygo- 
matic arch,  of  which  it  formed  a  uart^ 
and  also  the  Ibnn  of  the  condyle  or  tbo 
lower  jaw.  The  n'gomatic  arch  is  not 
only  of  great  extent  laterally,  but  it  is  also 
of  great  depth  from  its  upper  to  its  lower 
margin ;  and  you  will  observe,  that  Vloww 
cd  laterally,  it  has  a  considerable  curva- 
ture upwards,  in  some  of  the  animals 
yrt  have  already  fflntmfnod,  ta  in  tiM 
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mole  tad  other  vodenda,  the  curvature 

of  the  zygomatic  nrch  i?i  in  tTir^  rtn'erse 
direction — it  is  downwards.  U  here  it  is 
thus  arched  upwards,  as  in  the  camivoT' 
ous  quadrupeds,  the  zygomatic  arch  has 
much  more  strength  than  it  has  when  in  a 
•trught  line  or  directed  downwards.  It 
presents  thus  a  gr^t  and  wide  passage  for 
the  large  temporal  niuscles  inserted  on 
the  ramus  and  coronoid  process  of  the 
lower  jaw,  and  an  extensive  surfiace  of 
attachment  for  the  powerful  inassctcr  and 
xygomatic  muscles.  This  zygomatic  pro* 
cess  ci  the  temporal  hone  you  will  ob- 
serve presents  upon  the  lower  surface,  a 
deep  transverse  glenoid  cavity  for  the  re- 
ception oi  the  biuad  rounded  transverse 
condyle  of  the  lower  jaw.  It  therefore, 
though  alone,  obviously  indicates  that  the 
condyle  of  the  lower  jaw  was  directed 
traasversdy,  and  that  it  also  had  a  round- 
ed extensive  articular  surface.  This  arti- 
culation is  thus  rendered,  by  it^  prominent 
anterior  and  posterior  margins,  extremely 
secure,  but  at  the  same  time  e.xtremely 
limited  in  its  motion.  It  exhibits  only 
the  ginglimoid  kind  of  articulation  pre- 
smtM  by  an  artiftdal  hinge,  or  by  the 
joints  of  a  crab  moving  only  in  one  direc- 
tion, so  that  the  sharp  cutting  molar 
teeth  of  the  camivora  act  with  great  pre- 
cision; but  the  jaws  also  gain  great 
strength  by  this  shortness  of  the  ramus, 
this  breadth  of  the  condyle,  aud  this  limit- 
ed extent  of  motion.  The  orbits  are  here 
very  imperfect,  and  are  quite  continuous 
with  the  temporal  fossae.  There  is  not 
even  a  ring  of  bone  passing  around  the 
margin  of  the  orbits.  Thuj  the  temporal 
fosss  gain  as  much  &h  possible  upon  the 
organ  of  vision,  so  that  there  is  less  space 
iot  fatty  substances  to  occupy  the  back 
parts  of  the  orbits.  And  here  even  the 
temporal  muscles,  which  are  advanta- 
|(eously  Inserted  far  forwards  on  the  lower 
jaw,  could  infltience  a  little  the  expression 
of  the  eye.  By  clenching  the  teeth,  by 
,  acting  on  the  temporal  muscles,  the  eye, 
without  much  action  of  the  eyelids  or 
muscles  of  the  eye-ball,  could  be  rendered 
slightly  promiucut,  and  be  made  to  as- 
tnuia  tiie  glaring  appearance  so  terrific 
when  these  animals  are  excited. 

All  these  carnivorous  feline  animals  have 
tiiefrce  broad,  short,  and  truncated.  It 
It  Db'v'inng,  from  the  foire  they  have  to 
exert  with  the  jaws,  that  if  the  face  were 
much  lengthened,  it  would  be  very  much 
weakened ;  but  by  being  thus  truncated 
and  short  in  the  muzzle,  the  temporal 
muscles  act  much  more  uuvantagcuusly 
upon  tlie  lower  jaw,  as  also  do  the  mas- 
seter  muscles,  from  their  insertions  beins 
brought  so  far  forwards  from  the  condyle, 
or  tilt  p(^t  of  reiiitHice  and  of  rotation. 


I    We  observe  that  the  superior  jaw-bone 

upon  each  side  lodges  at  its  anterior  mar- 
gin the  large  canine  tooth,  which  forms  a 
long  prominent  convedty  on  the  outer 
surface,  indicating  the  greatness  of  the 
socket,  and  the  great  extent  of  the  pulp 
and  of  the  fimg.  The  nasal  process  of  tho 
;  superior  jaw-lx>nc  is  of  great  breadth,  and 
you  perceive  that  by  its  development,  as 
well  as  by  the  development  of  the  nasal 
bones  laterally,  the  orbits  in  the  carnivo- 
rous quadrupeds  arc  thrown  considerably 
to  the  side  of  the  head.  From  the  great 
lateral  extension  however  of  the  zygo- 
matic process  of  the  temporal  bone  and 
of  the  molar  bone,  the  orbits  are  directed 
much  more  forwards,  and  are  more  lu  ai  ly 
parallel  than  in  the  broad  heads  of  her- 
bivorous quadrupeds.  The  muzzle  and 
the  whole  head  are  lengthened  in  vegcta- 
ble^eating  quadrupeds,  to  contain  a  great 
number  of  large  grinding  teeth,  and  the 
long  action  of  these  instruments  on  their 
coarse  food,  necessitates  a  large  develop- 
ment of  their  salivary  glands ;  but  look  to 
the  dental  system  of  these  lions  and 
tigers,— to  the  small  space  occupied  by 
their  teeth.  Their  teeth  are  for  tearing 
and  cutting,  not  for  masticatinc;  or  grind- 
ing, and  as  their  food  remains  no  time  iu 
the  mouth,  their  salivary  organs  are  very 
small.  The  digestion  of  their  highly- 
nutritious  food  is  easily  effected  by  their 
stomach  and  intestine,  without  assistance 
from  the  mouth,  and  it  is  from  the  nutri- 
tious quality  of  t'lcir  food  that  tiieir  ali- 
mentary caual  is  short  and  narrow,  their 
stomach  simple,  and  their  caecum-coli  very 
small,  or  \va;itiug.  The  numerous  chcuii- 
cal  elements  of  their  animal  food  would 
have  the  balance  of  their  affinities  more 
completely  disturbed,  and  would  give  rise 
to  combinations  and  deconiposirions  ha- 
zardous to  their  life,  if  that  food  were  de- 
tained in  large  and  complicated  stomacbi, 
or  in  D  Innij  and  capacious  intestine.  The 
mucous  coat  is  here  much  less  developed 
throughout  the  whole  of  the  alimentary 
canal  than  in  herblv  ora,  but  the  exterior 
or  serous  coat  is  thicker  and  stronger. 
So  that  from  a  knowledge  of  the  rclalious 
which  most  necessarily  exist  between  all 
the  organs  of  the  body,  we  might  judge, 
from  the  form  of  iuilueutial  parts  of  the 
skeleton,  resfiecting  the  forms  and  con- 
ditions of  the  soft  parts  in  more  imme- 
diate dependence  upon  them,  and  this 
kind  of  reasoning  is  constantly  employed 
in  determining  the  nature  and  there!a« 
tions  of  all  extinct  forms  of  animals. 

The  lachrymal  bone,  which  we  saw 
brought  out  from  the  orbit  and  extended 
down  over  the  face  to  lengthen  that  part 
in  herbivoroiu  (Quadrupeds,  is  here  very 
•maUyaad  abnoitat  completely  enclosed 
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witliin  the  orbit  as  wc  find  it  in  the  hu- 
man skull.  The  infia-orbitaiy  foramen, 
for  the  transmissloii  of  the  second  bntncli 
of  the  trifacial  nerve,  is  very  5argc>  in  innit 
carnivorous  mainmalia,  on  account  of  the 
great  development  and  strength  of  the 
muscles  of  the  face  and  Hps,  and  the  great 
size  of  those  feeling  appendages,  the  hris- 
tles,  which  project  from  the  upper  lip. 
These  bristles  we  see  in  the  aquatic  spc* 
cies,  in  the  otters,  the  seals,  the  sca-lions, 
and  the  walruses,  as  well  as  in  the  land 
carniTora.  The  enamel  of  the  teeth  is  of 
great  density,  aivl  so  are  the  bones  of  the 
skeleton  in  the  animals  of  this  order,  and 
the  enamel  is  of  great  thickiici^s  o\  er  tlie 
crowns  of  the  canine  and  the  molar  teeth. 
The  canine  teeth  are  here  of  equal  im- 

J>ortancc  in  both  sexes,  and  they  manifest 
ess  sexual  difTerence  than  in  almost  any 
other  order  of  quadrupeds,  where  they 
are  generally  less  important  organs.  You 
ohserve  the  magnitude  of  these  upper 
canine  teeth  in  the  walruses,  where  they 
are  developed  in  an  extraordinary  degree 
— curved,  like  the  tusks  of  the  elephant, — 
but,  as  you  obser\'e,  they  are  here  dis- 
tinetly  implanted  in  the  upper-jaw  bones, 
and  not  in  the  inter-maxiUary  bones  as 
they  are  in  the  elephant;  therefore,  they 
are  not  like  the  tusks  of  the  elephan!  in- 
cisor teeth,  but  are  distinctly  canine  teeth. 
They  are  however  employed  in  the  wal- 
rost  not  08  organs  for  tearing  prey,  hut, 
r^cnerally,  as  instruments  for  climbing, 
or  to  strike  with  downwards }  but  having 
no  canine  teeth  to  oppose  to  them  in  the 
lower  jaw,  they  arc  not  employed  as  or- 
^ns  to  seize  or  to  subdivide  the  food, 
Bke  those  of  the  tigers,  lions,  and  other 
carnivorous  quadrupeds. 

The  canine  teeth  of  the  upper  jaw  of 
this  order  have  between  them  in  each 
intermaxillary  hone  three  incisor  teeth, 
80  that  there  are  six  incisors  above  in  car- 
nivorous animals.  In  the  lower  jaw  there 
are  also  six  indsor  teeth.  The  outer  pair 
of  incisors  are  generally  much  larger  than 
thr  two  iTiner  pairs,  but  all  of  them  are 
jji  upurtiouaily  small  in  these  quadrupeds. 
I'he  molar  teeth  of  carnivorous  quailm- 
pcds  have,  mo?t  generally,  the  cro  vn-^'  acu- 
minated to  a  sharp'CUtting  ridge  directed 
lonf^itudinany.  These  cutting  ridges  of 
the  ni)per  do  not  meet  tliose  of  the 
lower  jaw,  but  generally  pass  close  along 
their  outer  surface,  so  that,  like  the  cut- 
ting edges  itf  two  knives  meeting,  they 
cut  off  masses  of  the  substance  against 
which  they  are  forced.  The  canine  teeth, 
which  are  organs  of  prehension  and  not 
of  mastication,  serve  to  fix  the  jaws  into 
the  masses  of  flesh  which  are  to  be  toru 
with  great  force  ftom  bone^  and  the 
audir  teetii  aem  to  cat  the  mMwt  thni 


'toiTi  into  smaller  portions,  which  are 
1  bruised  between  the  tuberculated  teeth, 
land  readily  conveyed  into  the  itomadi, 
'There  is  thus  little  mastication  or  lab* 
division  of  food  in  true  camivora* 
'  The  canine  teeth  of  camivorons  qnad* 
I  riipeds  are  remarkably  long,  curved,  and 

■  conical  in  their  form,  and  those  of  the 
:  lower  jaw  pass  in  front  of  those  in  the 
)  upp«r  jaw.  Their  alveoli  are  much  longer 
land  more  proinincnt  (^ytcrnally  than  those 

of  the  molar  or  the  incisor  teeth,  and  from 
th«ir  great  tevelopmmit  they  require  « 
vacant  space  in  the  opposite  jaw  for  tiietr 
reception. 

The  molar  teeth  of  carnivorous  quad- 
rnperls  are  of  three  principal  forms,  and 
those  forms  arc  important  in  a  zoological 
point  of  view,  as  well  as  connected  with 
their  diflTerent  kinds  of  animal  food.  The 
posterior  nic'.^r  teeth  in  thrsp  -Lnimals 
have  generally  a  broad  and  tuberculated 
crown,  in  form  quite  unlike  the  teeth  that 
are  placed  before  them.  The  two  with  very 
broad  crowns  which  }  0u  observe  on  each 
side  of  the  head  in  the  jackal,  at  the -back 
part  of  the  upper  jaw,  are  called  the  tuber- 

■  eulated  molar  teeth.  In  the  lower  jaw 
,  you  observe  there  are  also  two  corre- 
sponding tuberculated  teeth,  though  mncb 
smaller.  Now  these  are  teeth  which  have 
comparatively  little  to  do  with  the  car- 
nivorous diiiposition  of  the  animals,  being 
adapted  to  braise  rather  tiian  to  cut  the 
flesh.  Thcj'  are  teeth  somewhat  'similar 
in  their  form  to  those  we  see  in  auiraali 
that  feed  on  vegetable  substances,  as  in' 
the  lower  quadruniana.  In  the  lion,  in 
the  tiger,  in  the  other  feline  animals,  you 
see  but  one,  and  a  ver>'  small  one,  of  these 
ttth^vnlated  teeth,  which  I  have  show^ 
yon  so  large  in  the  jackal.  The  other 
molares  of  these  feline  species  have  the 
cutting  acoroinated  crown, so  characteristic 
of  the  carnivora.  In  the  bears,  on  tho 
contrary',  they  arc  provided  with  those 
broad,  flat,  rough  crowns,  covered  entirely 
with  enamel,  which  point  out  the  vegeta- 
ble nature,  or  the  succulent  quality,  of  the 
food  in  these  species.  These  liat  molares 
you  observe  in  this  great  extinct  species,' 
the  eavern-bcar  {Fi(/.  107),  so  abundant 
in  the  diluvial  caves  throughout  nil  Eu* 
rope,  and  so  remarkable  for  its  gigantic 
size,  and  for  the  projectioii  of  the  fore- 
head {Piff.  107,  d)  immediafculy  above  tho 
root  of  the  nose. 

Now  it  is  interesting  to  attend  to  this 
form  of  the  posterior  molares  in  car- 
nivorous quadrupeds,  for  in  proportion  to 
the  extent  of  the  jaw  occupied  by  these 
tuberculated  molar  tectli,  are  the  animals 
found  to  have  less  and  less  of  the  car- 
nivoroQS  propensity.  The  land-bears  pre- 
VQgetBblc  foo^t  alihongh  they  have,  Uke 
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cmiyora,  six  incisors  {Fig.  107,  a)  above 
and  below,  and  the  usual  lai^e  canuie 
teeth  {Fig.  107,  b).  The  molar  teeth  are 
those  which  are  by  far  the  most  influential, 
fad  th«  most  important,  in  detennfailng  the 
^aracters  of  quadrupeds.  The  form  of 
one  molar  tooth  is  worth,  to  the  geologist 
for  example,  who  often  can  obtain  nothing 
dae  but  those  parts,  the  form  of  all  the 
rest  of  the  teeth  iu  tlie  jaws,  and  worth 
)ialf  of  the  lejit  of  the  skeleton.  Many 
oocor  in  a  fos^  stato  we 
Icnow  nothing  about  except  by  the  teeth  ; 
we  know  nothing  of  them  except  by  ana- 
logies drawn  from  their  teeth ;  yet  we  cui 
often  reason  with  great  safety  regarding 
their  whole  skeleton,  and  trace  their  ana- 
logies with  existing  animals,  and  form  an 
idea  of  their  living  haMtt  and  histmy,  from 
the  teeth  alone. 

In  the  hysnas,  the  rateii,  the  proteles, 
ana  in  die  genm  felii,  wbich  compre- 
hends all  the  lions,  and  tigers,  and  leopards, 
and  panthers,  and  cats,  and  an  extensive 
^ries  of  the  most  ferocious  of  those  car- 
idvoroul  quadrupeds  of  both  continents, 
there  is,  on  each  side  of  the  upper  jaw,  but 
one  tuberculaced  molar  tooth.  We  have 
Another  group  of  the  carnivora,  com- 
prehending the  polecats  and  ferrets,  the 
martens,  the  chinches,  an4  the  otters, 
tiic  badgers  and  wolverenet,  which  pre- 
vent one  tuberculated  molar  tooth  on  each 
side  above,  and  the  same  below,  and  arc 
only  so  much  the  less  ferocious  in  their 


There  are  others,  such  as  the  civets, 
the  para4oxuru8,  the  ichneumons,  the 
Metis,  and  others,  which  have  two  tu- 
berculated molar  teeth  above,  and  one 
below,  on  each  side.  Others,  as  the  dogs 
and  wolves,  have  two  above  and  two  be- 
low. Those  which  have  on  each  side,  above 
and  below,  but  one  tuberculated  molar 
tooth  on  the  back  part  of  the  jaw,  are  ob- 
served getaerally  to  have  tbis  long  cylin- 
drical narrow  body,  and  are  nearly  as 
cruel  as  the  most  blood-tlursty  of  the  car- 
ntvOroiii  animals.  These  are  uie  long  i^er- 
pcntiform  carnivorous  animal^  which  pass 
through  the  narrow  windings  of  the  bur- 
rowing quadrupeds,  pursuing  them  by  an 
acilte  sense  of  smell,  and  encountering 
t)Mm  in  their  dark  places,  Qs^tiii^  dei^* 


rately,  and  draflKing  their  victims  from 
their  recesses.  But  tiiose  which  have  two 

tuberculated  molar  teeth  are  observed  to 
be  of  a  milder  character,  and  to  be  much 
more  easily  domesticated,  to  have  less  of 
the  carnivorous  propensity,  and  they  can 
often  he  fed  upon  a  mixed  kind  of  food,  or 
entirely  on  vegetable  matter.  The  bears, 
which,  of  an  tbe  animals  of  this  order, 
have  the  greatest  nu?iibcr  of  broad- 
crowned  tuberculated  molar  teeth»  sub- 
sist chiefly  on  vegetable  food. 

Anterlmly  to  the  tuberculated  teeth  in 
the  ui)per  jaw  of  most  carnivora,  as  in 
these  tigers  and  lions  {Fig.  105,  rf),  you  ob- 
serve a  large  prominent  tooth,  with  a  small 
tubercle  at  the  inner  part  of  its  base.  That 
prominent  tooth  is  called  the  caruivorout 
tooth.  It  is  placed  between  the  Htbereu^ 
Inlrd  molar  tooth  and  the  fahe  molares, 
which  are  more  in  front.  This  carnivorous 
tooth  is  an  important  tootli,  from  the  cha« 
ractcrs  which  it  aft'ordafor  tiie  distinction 
of  species.  It  is  the  most  prominent  in 
the  uui>er  jaw,  excepting  tbe  canine  teeth. 
It  is  by  much  the  most  prominent  of  all 
I  the  molar  teeth  ;  and  it  partakes  of  the 
character  both  of  the  false  molares  before, 
and  of  the  tuberculated  molares  behind  it  \ 
for  you  observe  that  at  the  inner  margin 
of  its  crown  it  presents  a  tubercle,  the 
form  of  which  it  is  interesting,  for  zoolo- 
gical distinctions,  to  observe.  Many  of 
the  carnivorous  animals  so  much  resem- 
ble each  other,  the  species  are  so  numf* 
rous  and  so  closely  approaching  to  eadi 
other,  in  so  far  as  the  skull  is  conceme4t 
that  it  is  difficult  to  identify  them  by  their 
bones  or  hard  j)ai-ts  without  the  closest  at« 
tention  to  the  minutest  characters  of  their 
teeth  ;  and  one  of  the  principal  characters 
is  that  which  is  afforded  by  the  form  of 
this  tubercle  of  tihe  carnivorous  tooth,  not 
by  the  form  of  the  canine  teeth. 

As  many  of  these  quadrupeds  feed  u))on 
the  softer  flesh  of  the  prey  which  they 
seiz^  and  which  they  devour  in  the  living 
state,  you  might  naturally  expect  that 
their  teeth  would  retain  more  of  their  ori- 
ginsl  character  and  form  trough  life  than 
those  9pecie3  which  feed  indiscriminately 
upon  the  hard  parts  of  animals,  together 
vHth  the  soft,  w  more  exdnsivdiy  on  thft. 
bones  Thus,  when  you  compare  the 
specimens  before  yo'.i  of  the  aged  hyaena, 
with  the  jaws  of  the  young  hysna,  you 
perceive  the  striking  difference  tn  the 
forma  and  whole  appeamnoe  of  the  teeth. 
In  the  old  animal  tbe  mol^a*  teeth  have 
been  robbed  and  ynxm  idmost  n»  flat 
crowns,  rounded  on  their  upper  surface; 
but  in  the  yomig  animal,  where  they  arc 
much  less  worn,  they  present  the  same 
acute  cutting  edge  which  we  see  in  the  true 
feline  animaiSi  This  fapid  wearing  of  ^ 
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hvTPna'ss  ninlKi-  toctli  is  the  obvious  result 
of  the  action  uuou  the  bard  boue»  uj)oa 
whidi  those  unalt  Hifofljr  ratnitt,  de- 
lighting jirlnripnlly  to  fct'd  on  the  maiTOW 
which  &H»  the  interior  of  the  long  bones. 

Tb«  teeth  and  the  whole  skeleton  of 
iheMhytcnai  {Fig,  l%6)  wt interesting  on 
acoran^of  tbeb'  occurring  so  abimdautly 

Fig.  10(1 


in  uur  diluvial  cave:),  and  in  those  ufaU; 
Europe ;  and  in  comparing;  the  Jaws  which  > 
arc  found  in  a  fossil  state  witii  those  of, 
the  existing?  hya'nn,  \vo  see  that  tliey  r.re  ' 
scarcely  larger  than  those  of  the  existing  j 
animals;  hut  firoin  the  thickness  and  inas- 1 
■Ive  proportions  of  their  bones  and  their  j 
mtbttbey  are  UeservciUy  regarded  as  a  dis- 1 
^ncl  spedes  firofn  any  nowlmngin  Africa  | 
or  Asia.  The  base  of  the  crown  of  the  inolar  | 
tooth  in  the  hyrrna  has  a  very  permanent ! 
Tidgo  of  enauicl,  ]>i'otecting  the  soft  gum  ' 
finoni  the  hard  spicnlic  of  bones  which  I 
this  animal  is  in  the  habit  of  bruising  and 
pounding  between  these  strong  iustru- 
menli.  TIm^  eoomons  etrength  of  theae 
juws  is  obvious  in  this  k^oiI  specimen, — 
and  the  strength  of  the  muscles  is  iudi- 
celed  by  the  very  great  devdopment  of 
tlie  longitudinal  ridge  fiormed  by  the  janc- 
tion  of  the  two  parietal  Ijones.     A  p:reat 
TOUgh  suiface  is  here  presented  for  the  at- 
tadunent  of  the  teaiporal  nosolee.  The 
strength  of  the  mass L  ter  muscles  hero,  is 
obvious,  from  the  great  size  and  strength 
af  Ilia  lygovialie  Mpoih;  lieneo  the  re- 
mailcahljr  oeaapressed  form  of  the  head  iu 
these  liyama9,  as  you  perceive  iu  this  skull 
of  the  stripeii  hyseua  (/'iy.  106,  e),  so  com- 
■MB  in  Alia  and  the  north  of  Africa. 

There  are  two  very  tliffcrent  forms  of 
the  sitcleton  in  the  animals  of  this  order 
oamlmn.  In  one  af  thoae  ftnna  yon  ob- 
serve,  as  in  the  bear  and  iu  the  badpor,  that 
the  whole  palm  of  the  hand  is  placed  flat 
upon  the  ground ;  and  so  is  the  tola  of  the 
foot;  -  they  aia  Hkmphniifrmda.  The  plan- 
tignnle  carnivorous  quadrupeds  have  much 
i«W8  of  the  carnivorous  disposition,  are 
■Mte  alaw  in  their  «ovameut)^  have  less 
ninrkcfl,  internally,  theorejanization  which 
18  characteristic  of  the  true  carnivorous 
orlliaMinaMrimdi.  In  another  and  the 


the  lions  and  leopards  before  you,  the  quad- 
rupeds rest  more  nearly  upon  their  tip' 
toes,  possessing,  tiierelbre,  much  greater 
elasticity  and  softness  in  all  their  move- 
ments thau  the  other  group ;  they  are 
called  from  this  character  diyitigrade  car- 
nivorous quadrupeds.  There  is  great 
strength  in  l>oth  these  groups,— in  all  the 
procesi^es  of  the  vertebra  of  the  neck,  a« 
yon  observe  in  the  tkeleKm  of  the  lions 
and  hears.  I  mentioned  to  yon  formerly 
the  great  magnitude  of  the  transverse  pro- 
cesses  of  the  atlas,  and  of  the  spinous  pro- 
cess of  liie  axis,  but  yon  observe  that  the 
other  cervical  vertebne  have  also  their 
spinous  procesi*^  of  considerable  Icngtbi 
and  likewise  tiieir  transverse  processee. 
There  is  great  mobility  and  flexibility,  ac- 
companieil  by  great  strength,  iu  ail  the 
bones  and  articnlations  in  the  vertebral 
colunm  of  caruivorous  (juadrupeds.  The 
ribs  are  much  uiore  sleuder  and  naiTOW, 
and  surround  a  less  portion  of  the  trunk 
than  we  saw  iu  thelai^  tmnkaofthe  ru» 
minantia,  and  in  most  hcrbivoi-ous  animals, 
where  they  are  much  broader,  and  extend 
mneh  more  badcivards  over  tha  abdaaie«. 
They  l)a\  o  greater  mobility  In  consequence 
of  this  slender  form,and  the  whole  cheat  bee 
greater  caimcity  aa  wei  as  greater  ninH— . 
The  reephatkm  u  also  more  quick  in  car- 
nivorous quadrupeds,  and  more  extensive^ 
from  the  great  capacity  of  the  lungs,  and 
fmm  the  quantitj'  of  their  blood.  Yen 
observe  that  iu  the  lumbar  region  there  is 
a  greatw  space,  destitute  of  ribs,  and  free 
for  aeHon,  and  where  greater  waliest  if 
admitted,  I))'  the  form  of  the  bones,  in  every 
direction,  upward.^,  downwards,  and  la- 
terally. The  transverse  proeewaief  the 
lombar  veitebne  are  dirami  at  aa  acute 
angle  fr)rwanls.  They  arc  not  extended 
outwarus  at  right  aaglea  to  the  column,  as 
we  saw  so  freqaentty  in  the  largo  beUiad 
ruminating  and  other  herbivorous  quad- 
rupeds, but  are  directed  at  a  very  acute 
angle  Ibrwarde,  towatde  tlie  head. 

The  />*o«  muscles,  which  pass  down 
through  the  pelvis  to  the  femur,  from  theij- 
attachment  to  these  processes  have  greater 
length  and  a  more  extensive  surStce  lor 
their  insertion  by  this  sudden  direction 
forwards  of  the  transverae  processes,  and 
yon  ohserve  tiw  eana  direollon  ttkanin 
the  Imnbar  region  by  all  the  other  pro- 
cesses of  these  vertebne^  b^  which  ti»ey  ace 
strengthened  against  tlw  meo  whieh  pnlli 
them  backwardi.  The  scapula  of  carni- 
vorous quadrupeds  presents  a  very  broad 
and  extensive  surface,  for  the  powerful 
Mjrra  and  n^ro'i^tmati  muscles.  It  has 
the  short,  broad,  and  roumled  form  which 
is  commonly  seen  in  the  highest  orders  of 
auadrupede.  ItbMaveqr  diiiBreDtshnva 
fiamfhtliagilMMd  tapariat  foon  vhiA 
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wcsaw  socmnmoninminijmtiiij^and  other  The  rndins  im  deeply  icroovtd  at  its  lower 
feeble-limbed  quadrupeds;  ami  the  crest  extremity,  and  the  olecranon  of  the  itltia 
irf  tlie«ca|Mi1a    bere  very  long  sad  deep,  i  is  Iarg«,  long,  ntid  romprcsscd. 
with  a  prominent  acromion  at  its  cjctremity  I    The  powerful,  though  soft  and  flexible 
and  a  very  short  coracoid  process.  |  hands  of  these  carnivorous  (iiuulnipeds, 

In  quadrui)eds  where  the  hnmeri  re- 'have  the  bones  In  the  carpus  generally 
quire  great  security  in  their  articulations  !  seven  in  number,  hcini:  one  less  than  the 
with  the  trunk,  and  Nvhere  their  motions  i  human,  by  the  anchylosis  of  their  scaphoid 
are  proportionally  limited,  we  generally  |  and  lunar  bones,  as  ^roa  obierve  in  the 
observe  that  there  is  iiitei-posed  a  strong '  strong  hand  of  the  tiger  (I'V*  109»  A), 


clavicle,  completely  ossified,  as  wc  saw  in  J 
most  of  the  rodentia,  and  as  wc  see  iu  tlic  ' 
iiringleM  inttetivorat  in  eMnpttray  in  gnu-  \ 
dnimana,  and  in  man,  passinc;:  from  the ' 
Sternum  to  the  scapula.  But  feline  and 
other  csmivorons  animals  nse  the  arms 
Bnts  of  oflfence,  as  well  as  of 


Hg.  108      Bg,  110 


Fig,m 


pmtrression;  and  in  raising  the  arms  to 
inflict  a  blow,  they  throw  the  whole  sca-i 
pola,  and  the  parts  attachc<l  to  it)  back-  j 
wards  upon  the  chest,  which  extensive 
motions  woidd  be  completely  prevented, 
were  the  scapula  fixed  by  a  solid  elavi-j 
cular  bone  to  the  sternum.  It  is  on  this 
account  that  you  ob8er^^e  the  clavicles ' 
in  the  carnivorous  quadrupeds,  to  exist  1 
only  in  a  very  imperfect  rudimentary  1 
state.  Here,  in  the  skeleton  of  the  lion, 
the  rudimentary  clavicle  is  only  about  two .  T)ie  bones  of  the  metacarpus,  by  their 
ittcbtps  and  a  half  in  length,  yet  the  dis- '  shortness  and  smallness,  bere  correspond 
tanco  between  the  sternum  and  the  sea-  with  the  subdivided  foi*m  <rf  the  whole 
pnla  in  the  natural  position  of  the  arm,  is  hand,  and  present  a  striking  contrast 
more  ftan  dowble  tiiat  length.  It  is  here, !  when  compared  with  what  we  taw  in  the 
as  generally  in  camivora,  a  thin  slender '  long  anchylosed  canon  boMI  of  the  im* 
ossified  piece,  which  terminates  at  both  '  perfect  hands  in  ruminatinj?  animals.  The 
its  extremities  in  a  soft,  liexible,  and  ear- ,  phalanges  of  the  fingers  are  long  and 
tilaginons  condition,  witliout  reaching  |  strong,  wiUi  very  secure  articulations, 
either  the  scapula  or  the  sternum.  This  !  The  last,  or  ungual  phalnnx,  in  the  feline 
Ipreatly  facilitates  the  extensive  motion  I  species,  is  directed  upwards  at  right  an* 
neceewryitt  Die  arms  of  those  carnivorous  1  gies  to  the  directum  of  the  rest  of 
quadnipeds  for  the  various  feats  of  their  phalanges;  and  tilllS  by  its  direction  up- 
active  and  agitated  life,  aud  prevents  any !  wards,  and  folding  backwards  and  oblique- 
violent  impulse  from  being  communicated ;  ly  inwanls  over  the  penultimate  phalanx, 
through  the  arms  to  the  trunk.  it  allows  the  claws  to  be  retracted,  orlbld- 

The  humerus,  the  radius,  and  the  ulna,  ed  backwards  between  the  toes,  as  into  a 


are  large  and  strong  bones,  especially  at 
their  extremities,  and  all  their  processes 
8er>'ing  for  the  insertions  of  the  muscles, 
are  here  strongly  marked.  The  lower 
pait  of  the  hmnems  immediately  above 
1SI»  inner  condyle,  has,  in  all  the  feline 
species,  a  perforation  through  which  the 


sheath ;  and  thus  affords  the  means  of  keep« 
ing  them  constantly  sharp  and  ftw  firom 

ahi  fisiou,  for  [grasping  or  tearing  their  prey. 
In  some  quadrupeds,  however,  as  you  see 
in  the  wolves,  1»e  foxes,  the  dogs,  and  in 

the  quick-running  quadrupeds  that  come 
nearest  to  these,  where  they  are  less  em- 


ulnar  arterv  passes,  as  we  see  in  the  j  ployed  for  the  purpose  of  prebemiion,  for 
timmhleBS,  long-armed,  climbing  spider- !  which  they  are  used  in  the  feline  animals, 
laonkeys  of  America.   This  pei  foration  is  hut  arc  more  employed  for  protecting  the 
a  means  of  protecting  the  ulnar  artery 
agatast  ptesMire,  as  it  paMM  downwards 

and  forwards  through  this  aperture,  as^raeted,  and  they  are,  therefoie,  rapidly 
you  see  in  this  humerus  of  the  tiger '  worn,  and  approach  in  this  respect  more 
{Fig.  108,  C).  Thus,  while  those  ferocionsf  to  the  character  and  form  of  the  hoofs 


feet  and  assisting  m  progressive  motion, 
they  are  not  capable  of  being  thoa  re- 


quadrupeds  are  embracing  their  prey,  the 
pressure  exerted  against  this  inner  part  of 
the  humerus  is  kept  from  affecting  the 
dreiriatiQa  of  the  blood  in  the  forearm,  by 

4mi  wlHjr  poirinip  throi%b 


which  protect  the  toes  and  feet  of  her- 
bivorous quadnipeds. 

You  will  observe  the  iliac  bones  and  the 
pdvis  of  tlHMe  Hght-bodiedand  active  car* 
i^voront  woSnm,  tobe  diMotediiiftTOiy 
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oblique  manufr  Vciek wards,  altuost  in  a 
line  with  the  isacLil  anil  coccvictial  verte- 
bra' ;  so  that  the  cotyloid  cavity  for  the 
head  of  the  tVratir  is  thrown  hackwanl  to 
a  distance  fi-om  under  the  sacixt-iliuc  arti- 
culation. This  is  an  arrangement  we  have 
already  seen  in  tlio  li^lit-footed  dcers  and 
antelopes,  by  w  hich  a  certain  degree  of 
elasticity  is  given  to  this  region  oi  the 
trunk ;  so  that  in  coming  with  force  from 
an  extensive  leap,  do'.vn  upon  the  poste- 
tcrior  extremities,  the  impulse  cairied 
throQi^  the  subdivided  feet  and  legs  to 
the  fomnr,  would  here  be  'irvt  communi- 
cated by  the  cotyloid  cavity  to  the  pelvis, 
then  by  the  strong  iliac  bones  directed 
forwards  to  the  sacro-iliac  articulation, 
and  to  tb"  vertebral  ctilumn,  and  by 
pa^iiing  thus  tiirough  so  many  joints 
to  the  up|ier  part  of  the  legs,  and  in  this 
niannrr,  tlip  effect  of  the  leap 
or  fall  would  be  lost  before  it  reached  the 
vertebra!  column  atid  the  tmnlc,  and  would 
not  lacerate  or  injure  the  contained  vis- 
cera. This  is  a  veiy  different  fontj  and 
construction  from  what  we  saw  in  the 
heavy  trunks  of  the  pachyderraa,  where, 
in  order  to  give  greater  strcnt?th  to  mt|i- 
port  the  weighty  carcass,  the  pelvis  is  di- 
rected more  perpendicularly  downwards, 
the  cotyloid  cavity  bring  by  th\-f  tiicsuis 
placed  as  nearly  as  possible  right  under 
tho  sacro-iliac  articiuation  aud  the  hori- 
zontal vertebral  column  and  trunk. 

In  the  plantigrade  carnivorous  qnadru- 
pedsy  you  observe  that  many  of  these  cha- 
racters are  much  less  marked  than  we 
have  seen  in  the  hirt^er  feline  animals. 
Theirmuzzlc  isproportioually  more  length- 
ened, and  there  is  thus  greater  space  al- 
lotted for  the  insertion  of  a  greater  num- 
ber of  molar  teeth,  with  flat  crowns,  adapt- 
ed for  the  uiastication  of  fruits,  vegetables, 
and  other  substances  on  which  t)u>  hc>ars 
chiefly  feed.  We  observe  that  there  is 
less  mobility  in  every  imrt  of  their  skele- 
ton,—in  their  trunk,  and  in  their  extreinU 
ties,  — that  their  feet  ohxionsly  possess 
less  fle.\ibiilty  where  they  repose  flat  upon 
the  whole  planta,  and  ]irescnt  a  large  Itasc 
to  support  the  trunk,  often  erect,  upon  the 
ground.  There  is  less  vigour,  less  quick- 
ness in  all  their  motions,  than  in  the  true 
digitigrade  carnivorous  qnwirupeds.  Their 
heel  projects  much  more  backwards,  by 
the  exten.«ion  backwards  of  the  calcaueum, 
as  in  the  human  foot,  and  indeed  there  is 
a  striking  resemblance  in  the  bones  of  thv 
anterior  and  posterior  cvtiofnitir^s  of  tlie 
bears  to  those  of  the  huniuu  arniM  aud 
legs. 

The  bones  arc  the  same  in  number  in 
the  tarsus,  metatarsus,  and  the  whole 
fbot  of  the  bear,  as  in  the  hnmaa  foot. 
The  astragalus  here  occupies  aa  adraoeed 


]>osition  on  the  caleanemn,  corresponding 
with  that  of  the  human  foot,  from  the 
great  projection  of  the  tuberosity  of  tiie 
cnlcancmn  bnck\Yards.  The  navicular, 
the  cuboid,  and  the  three  cuneifojm  bones, 
agree  in  fattttt  and  ocenpy  tlie  same  posi* 
tion,  and  all  the  toes  of  the  foot,  like  tho 
finders  of  the  haiid,  are  hero  fully  det'e- 
lope<i  lor  prehcn^iuu  in  these  climbing, 
vegetable -eating,  slow-moving  quadru« 
peds.  In  most  of  the  feline  camivora,  the 
foot  is  long  and  slender,  aud  the  loner  too 
is  almost  wanting,  as  you  observe  in  the 
foot  of  the  tiger  (/  Vc/.  110,  B),  where  the 
bones  of  the  tarsus  and  metataraus  have  a 
lengthened  form ;  four  toes  only  are  conti« 
nued  to  the  ground  with  three  phalanges 
in  each,  and  the  rudiment  of  the  inner 
toe  {Fiff.  UO,  0)  is  as  minute  as  that  o£ 
the  thumb  on  the  band  of  the  hy«na* 

As  tlio  otters  j)iirsue  tlieir  prey  through 
rivars  aud  lakes,  the  seals  and  sea-lionsand 
walruses  seek  theira  In  the  ocean,  and  have, 
therefore,  the  bones  of  their  arms  and  legs 
adapted  for  progressive  motion  through 
that  deu«c  medium.  The  skull  of  the  scaJs 
and  the  bones  of  tluii  trunk  agree  with 
those  of  the  aiiiiuala  ol  thi«  order,  and  the 
form  aud  size  of  their  uuiine  teeth,  but 
tbehr  kicison  are  less  numerous,  and 
more  deciduous,  as  in  most  murine 
and  their  molar  teeth  vary  much  in  form 
and  in  number.  By  the  shortness  of  their 
nasal  brutes,  the  nasal  aperture  is  large, 
and  their  valvular  nostrile  nre  hirjh  and 
oblique.  In  the  walrus  the  nasal  apcr» 
ture  is  raised  stitt  higher  by  tiie  enocmous 
development  of  the  superior  canine  teeth 
and  their  alveoli,  so  that  these  marine 
carnivonfoitn  an  apiMroach  In  this  eharac* 
ter  to  the  cetaceous  mamnialia  which  are 
destitute  of  legs,  and  are,  therefore,  more 
coniinrd  to  their  aquatic  element.  From 
the  datness  of  the  oblique  crowns  of  Its 
cylindrical  molar  t  t  th,  the  walrus  can  as 
easily  Itruise  between  them  the  marine 
phnts  as  tlie  fishes,  and  it  partakes  of  both 
kinds  of  food.  In  the  front  of  its  tapering 
lower  jaw,  compressed  lietween  the  largo 
upper  tiakM,  it  has  ndther  canine  nor  in* 
cisor  teeth,  and  in  the  adult  state  it  has 
only  one  small  incisor  on  each  side  above  ; 
so  that  by  the  toothless  front  of  its  mouth 
it  appttMefaes  to  many  of  the  land  herbi- 
vorous  quadrupeds.  The  trunk  of  the 
seal  and  the  walrus  tapers  like  that  of  a 
liorpoise,  and  the  pelvis  is  small,  narrow, 
and  compressed.  The  scapula  in  both  has 
the  broad,  rounded ,  vertebral  margin  antl 
elevated  crest  common  in  the  laud  car- 
nivera»  and  the  bones  of  the  arm  and  foro- 
arm  are  very  short,  but  of  niassix  e  pro- 
portions. The  olecranon  of  the  ulna  and 
the  lower  end  of  the  radios  aito  remark- 
aUy  dUated,  and  the  liaiid>  whidil*  lai^e* 
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|v  detdbpod,  lo  ttrUce  the  water,  has 

we  thumb  the  largest  and  the  longest 
fincer,  as  t>it»  inner  toe  is  on  the 
^iuii  ieei.  The  liiac  boaes  are  suddenly 
fStanded  outwards  from  a  very  broad 
sacrum  in  order  to  give  a  favnin  rible  di- 
rection and  extensive  surface  tp  the  ex- 
tamort  of  the  feiniir.  The  pubio  bonet 
meet  at  au  acute  angle,  and  form  a  nar- 
row, compressed  symphysis.  The  femur, 
like  the  humerus,  is  very  short  and  broad, 
aai  the  tibia  has  a  curved  si-moid  form 
most  striking  in  the  seals.  The  fibula  in 
both  is  developed  throughout  and  strongest 
next  the  fimt.  The  outer  and  tlw  inner 
toes  are  the  loTigest,  and  the  middle  toe  is 
the  least  ou  the  hind  feet  of  the  seal,  so 
thattheae  weblied  extremities  when  ex- 
panded appear  like  fins  with  a  Cfescentic 
roav'^iji,  hut  in  the  walrus  the  toes  enlarge 
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lung. 

Ctute  1. — Gentlemen,  chance  conducted 


regiuiiiiy  from  the  inner  to  the  outer,  i  to  the  Hotel  Dieu  in  December  hist,  two 
Their  expanded  and  webbed  extremities  |  ii><l>vklrals  affected  with  traumatic  em* 

arc  their  organs  for  progression  through  iP^^  **^'"^'      difterent  degrees  of  seventy. 


the  sea,  but  their  motion  is  greatly  aided 
bjr  tiie  extent  and  mobility  of  their  lombar 
region. 

The  carnivorous  mammalia  form  thus  a 
great  natural  division  of  the  class,  con- 
nected together  by  tlieir  cainivorous  pro 


Jar  as  regards  your  instruction,  this  was 
a  fortunate  drcomstance,  as  you  have  thaa 

an  opportunity  of  examining  the  same 
disease  under  different  forms  and  chu- 
racters,  depending  on  the  nature,  diversity , 
and  violence  of  the  causes  which  gave  rise 


pensitios,  nnrl  hv  tho  organs  which  tliat  hi-  it  iu  each  individual  case.  Otip  of  our 
^tiuct  iraaiediateiy  rtiiuirea.  As  their  kind  i  Patients  was  a  water-carrier,  who  had 
of  prejr,  and  its  rituation,  vary,  we  find  ^een  thrown  down  and  run  over  by  a  car ; 
endless  varieties  of  the  L,a  ncral  type  iu  the  '  t^ie  wheel  jiasscd  across  the  left  side  of 


t^orms  of  their  organs  of  prehension,  mas- 
tication, and  progressive  motion,  a  mi- 
nute attention  to  which  is  of  great  im- 
portance to  the  zoologist  and  to  the  geo- 
k)gist,  as  serving  to  characterize  the  in- 
numerable existing  and  extinct  species. 
The  bniipg  of  seals  and  walruses  occur  in 


his  chest,  and  although  the  car  was  not 
loaded,  this   weif^hc  was  sufficient  to 

produce  the  disor(lcrs  which  I  now  pro* 
ceed  to  describe  to  you.  The  man  coughs, 
is  much  oppressed,  and  has  a  full,  frequent 
pulse.  We  examlneil  the  right  side  of  the 
chest  with  the  greate^^t   attention,  and 


tertiary  de|i06)ts  now  remote  from  the  sea,  j  ^"^^'^t^  injury  ;  but  on  the  left  si<le  thert? 
and  those  of  otters  are  fonnd  ia  caves  aud  ^i'ted  severe  pain  about  the  precordial 
dUttVial  deposits.  The  remains  of  nume-  P^cgion*  which  was  very  Rcnsihlo  to  the 
BOlts  extiQct  feline  animals  have  been  met  I  touch.  When  tl»c  hand  was  applied  over 
with  in  the  tertiary  sand  ol  Eppelshcim.  i  t^^'i^  ><pot,  we  fdt  a  sensation  similar  to 
The  iKmcsof  weaislo,  ibxeSi  dogs,  badgers,  ^^^^  produced  by  the  rubbing  of  a  frac- 
wolves,  wolverenes,  nnd  numerous  extinct  >"ih  during  the  respiratory  tnf^tiuti  of 

Vpecies  ol  beav^i  and  hyarnas,  abound  indi-  j  ^'>*^  chest  \  the  sound  w  aiif  i>cnsibic  to  the 
Mvial  oaves,  mingled  with  the  gnawed  ^^r,  which  also  discovered  a  sensation 
and  broken  bones  of  herbivorous  quad- 1  •'^i^^^^Kons  to  that  resulting  from  the  falls 
rupeds  which  have  fallen  their  prey.  ( of  a  great  number  0/  drops  of  water,  one 
Even  the  osseoos  breccias,  now  filling  a^ter  the  other.  There  existed  a  good  deal 
the  ancient  fissures  of  rocks,  are  observed  !  of  tutuefaction  over  the  ril),  Lut  withoirt 


to  contam  the  remains  of  extinct  bears, 
coati-mondis,  foxes,  dogs,  wolves,  weaseh^ 
and  several  feline  apeetes.  Bones  iese«» 
bling'  thoao  of  the  common  fox  have  been 
found  in  the  tertiary  calcareous  slate  of 
CEaingen,  and  bones  very  oios^y  resem- 
Wini>  those  of  foxes,  civets,  coati  -moodiii, 
and  hyicnas,  have  been  met  v.  ith  in  ter- 
tiary gypsum  m  the  Parhi  formation,  and 
»  Wnrtottlxn^ 


any  p»in,  change  in  the  coioiu'  of  the  skin, 
or  any  other  symptom  of  inflammation; 
the  swelling  could  be  displaced  Iqr  tbe 
hand,  and  made  to  pass  at  will  from  one 
part  to  another.  During  this  mamsuvro 
we  felt  a  well  marked  crcpitatimi,  similar 
to  that  jjroduccd  when  the  skin  of  an  ani- 
mal is  blown  up  previous  to  his  beiiiff 
skinned.  These  symptoms  indicated,  beyond 
all  doubt,  the  existence  of  a  fracture  of  Uhs 
rib,  and  of  emphysema,  thnt  is  of  infiltru- 
tiuuL  uf  atuiosphi-ric  air  into  the  subcu- 
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LECTURE  XXVIL 

ON  THE  OSTEOLOGY  OF  INSfiCTIVORA 

A\I)  CHEIROPTERA. 

Altuough  the  maTnmalia  are  fnr  the 
most  part  organized  to  stalk  like  man  on 
the  dry  surface  of  this  earth,  and  to  enjoy 
the  spectacle  it  presents,  ve  find  every 
element  peopled  with  the  species  of  this 
class.  The  summiti  of  tolfty  trees  are  the 
nbodc  of  myriatls  of  active  (niaclnimaua 
and  squirrels  which  gambol  among  the 
lyrandies,  and  of  tloths,  opossums,  and 
other  climbing  quadrupeds.  The  hats 
and  petauri  flit  like  shadows  through  the 
air,  and  the  ponderous  pachyderma  and 
niminantia  carry  their  heavy  carcasses 
over  the  surface  of  the  groun'd.  The  gi- 
gantic cetacca  pass  and  repass,  moving 
▼ith  the  velocity  of  meteors  beneath  the 
still  surface  of  the  sea;  and  fierce  sea-lions 
twenty  feet  in  length,  huge  otaria,  seals, 
atid  valmses,  scour  the  deep  dark  valleys 
of  the  ocean,  seeking  what  living  crea- 
tures they  may  devour.  The  thinnest  ca- 
verns in  the  sea  and  on  the  land  arc  peo- 
pled with  mammtferous  inhabitants,  and 
the  solid  earth  we  tread  upon  swarms 
with  burrow^ing  quadrupcdb,  moving  to 
sod  fro  inth^  meandering  passages,  like 
worms  in  fheir  )iole»,  Tli«  food  of  «u- 


mala  determines  not  only  the  forms  of 
their  prehensile,   their  mn^^ticntin;?,  and 
their  digestive  apparatus,  but  also  those 
of  their  iDComotlve  organs,  their  organs  of 
the  senses,  and  more  or  less  of  their  whole 
internal  economy,  their  living  habits  and 
instincts,  and  their  physical  and  geogta- 
phical  distribution.    Insects  are  the  most 
abundant  and  the  most  diversified  of  all 
animal  forms  organized  to  breathe  atmo- 
spheric afar;  they  attack  all  ibrma  of  or^ 
ganir.cd  matter,  they  swann  in  the  atmo- 
sphere and  in  the  depths  of  the  earth, 
they  cleave  the  waters,  like  fishes,  with 
their  v.ings,  and  they  pierce  through  the 
bodies  of  animals  and  plants.   They  are 
the  prey  of  almost  all  classes  of  animals, 
from  the  lowest  radiata  to  man.    We  have 
seen  in  the  feathered  tribes,  animals 
whose  skeletons  and  all  other  part  are  ad- 
mirably constmoted  for  pnranmg;  through 
the  air,  for  seizin.:  ^nrl  for  digesting,  in- 
sects }  that  many  of  them  have  their  bills 
organized  and  formed  In  such  a  manner  as 
to  be  capaule  of  being  insinuated  into  the 
crevices  in  the  decayed  bark  of  trees. 
Others  have  the  bill  formed  for  being 
thrust  under  water,  among  stones,  or  into 
mud,  and  arocriffed  with  a  high  degree-of 
sensibility  around  its  margin,  so  as  to 
distinguish  by  touch  infeet<-fbod  where 
they  could  not  perceive  it  with  their  eyes. 
Uuadi'upeds  also  without  number  are  or- 
ganized for  that  kind  of  food;  and  we  find 
that  some,  provided  with  wings,  can  pur- 
sue winged  inserts  through  the  nir  ;  such 
are  the  bats.    Others;,  as  the  lemurs,  thu 
opossums,  the  petauri,  seize  the  insects 
that  alight  upon  the  trees ;  othcrp,  n-?  the 
edentulous  ant-eaters  and  echidna,  con- 
sume those  which  move  on  the  surface  of 

the  ground;  otlurs  jjiusuc  them  thronu;h 
tlie  waters  or  the  mud,  as  the  ornithorhyn- 
cus ;  and  others  devour  the  maggots  and 
the  beetles  which  swarm  under  ground 
throngho!!t  the  soft  soil  of  all  continents 
and  islands.  W  e  find  often  in  groups  of 
quadrupeds,  that  although  their  essential 
structure  remains  nearly  the  same,  those 
more  tiivial  parts  by  which  they  are  ena- 
bled to  seize  or  to  pursue  tiieir  pccufiar 
kiod  ol  foody  Iwye  aisnfflcd  dlffewt  fom 
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the  best  adapted  for  the  purposes  of  each  ; 
so  that  in  the  bat's  wings,  and  in  the  dig- 
ging paws  of  the  mote,  we  might  expect, 
from  the  constancy  we  have  seen  in  the 
composition  of  similar  parts  throughout 
extensive  groups  of  animus,  Khat  wc  snonld 
have  the  same  elements  as  in  the  Imraan 
arm;  for  we  have  seen  that  even  the 
fish's  arm,  the  pectoral  fin,  presents  the 
essential  dements  of  the  human  arm.  So 
have  wc  seen,  to  a  great  degree,  the  same- 
ness of  our  structure  repeated  in  the 
vings  of  the  bird,  in  the  liand  of  the  pte- 
radactylus,  and  in  the  swimming  fins  of 
tbeeetacea. 

Those  small  qnadnipeds  with  bfoad- 
crowned  molares  and  sharp  tubercles,  that 
feed  upon  insects,  and  which  have  not  the 
arms  formed  like  wings  for  pursuing  them 
tiliougfa  the  air  like  the  bats,  have  been 
grouped  together  into  a  small  order 
termed,  for  the  sake  of  distinguishing 
Ihem  flnom  other  allied  groups,  inteetho- 
rons  quadrupeds.  This  order  comprehends 
the  shrewSf  the  moles,  the  hedgehogs, 
and  a  few  similar  quadrupeds.  Those 
animals  feed  generally  upon  tihat  mixed 
kind  of  food  which  we  see  80  common  Iti 
insectivorous  animals  belonging  to  other 
orders.  For  an  animal  which  feeds  ordi- 
narily tipnn  beetles  will  also  break  seeds, 
nuts,  bird's  eggs,  and  other  substances,  by 
the  same  instrnments  that  it  employs  to 
break  the  hard  exterior  of  the  coleopte- 
rous insects ;  and  we  find  that  they  feed 
indiscriniinately  upon  those  various  kinds 
of  food.  There  is  considerable  diversity  in 
the  (general  structure,  and  in  the  living 
habits,  of  insectivorous  quadrupeds,  tome 
burrowing  in  the  ground  for  food  and 
safety,  and  others  we  find  eniployini^  their 
arms  for  tearing  off  the  bai'k  or  decayed 
eoverlngs  of  trees,  where  we  see  myriads 
of  all  kinds  of  articulated  animals,  insects, 
arachnida,  and  myrlapods,  which  swarm 
together,  and  where  they  enjoy  darkness 
andlbod* 

This  use  of  the  hands  requires  an  ex- 
tensive motion  in  the  arms,  and  at  the 
Sftme  time  great  security  in  the  articula- 
tion of  the  shoulder-joint.  On  that  ac- 
OOunt  we  find  the  clavicle  large,  strong, 
and  ossified  throughout,  in  all  the  animahi 
of  this  order.  It  is  obvious  that  from 
this  use  of  the  anterior  extremities  they 
must  to  a  certain  extent  have  the  power  of 
pronation  and  supination  given  to  the 
fore  arms  and  hands.  You  will  observe, 
therefore,  that  in  the  insectivorous  ani- 
mals before  yuu,  the  radius  and  the  ulna 
remain  distinct  and  separate  throughout 
their  whole  length,  although  the  tibia  an<l 
fibula  on  the  posterior  extremities  have 
ancbylofed  throughout  the  greater  part  of 
their  extend  and  admit  of  no  motion  be* 


twccn  them,  these  being  only  firm  organs 
of  support  during  the  action  of  the  fore- 
arms and  hands. 

The  part3  which  are  most  intiniately 
connected  with  the  kind  of  food  are  here 
—as  we  have  seen  throughout  the  other 
forms  ofthc  hard  parts  the  fectli,  and  the 
osseous  parts  which  form  the  ])arietc3  of 
the  mouth.  Insectivorous  animals,  many 
of  which  we  have  already  seen  in  other 
orders,  thou(;h  not  possessing  the  cha- 
racters of  the  present  group,  have  ge- 
nerally a  lengthened  muzzle,  as  you  see  in 
these  shrews  and  moles.  You  have  seen 
that  already  in  ant-eaters,  in  the  arma- 
diltos,  and  in  roost  of  the  edenti»lout  quad- 
rupeds. Yuu  have  seen  it  in  the  echidna 
and  in  the  ornythorhincus.  You  observe 
it  again  in  these  bats,  and  in  the  makis,  as 
well  as  in  these  moles,  and  hedgehogs, 
and  shrews. 

The  skeleton  of  the  hedgehog  indicates 
in  all  its  parts  an  admirable  adaptation  for 
seizing  this  kind  of  food,  not  in  the  in- 
terior but  upon  the  surface  of  the  ground. 
It  has  the  feet  long  and  flexible,  not  dmrt 
and  ])owerful  as  in  the  mole,  which  must 
use  them  for  excavating  with  great  ra- 
pidity extensive  winding  burrows  under 
ground. 


The  head  of  the  hedgehog  presents 
so  fai'  the  appearance  of  a  carnivorous 
quadruped,  in  having  the  orbits  and 
the  temporal  fosss  perfectly  continuous, 
forming  one  great  passage,  hounded  ex- 
ternally by  the  zygomatic  arch.  The  zy» 
gomatic  arch  in  insectivorais  very  feebl^ 
and  almost  on  the  same  longitudinal  plane, 
as  you  see  in  these  skeletons.  In  this 
animal,  as  in  all  burrowing  quadrupeds, 
the  eyes  are  comparatively  small,  and  the 
orbits  occupy  but  a  small,  and  sometimes 
imperceptible  rspace.  A  larger  portion  of 
the  temporal  fossx  you  here  see,  there- 
fore, appropriated  for  the  passage  of  the 
temporal  muscles.  Still  you  observe  that 
the  slender  zygomatic  arch  in  the  hedge- 
hog; is  very  slightly  nrchcd  upwards,  a 
character  which  we  saw  greatest  in  all 
the ^ine quadrupeds,  where  the  arch  was 
very  strong,  wide,  and  convex  above.  In 
some  of  the  feebler  arches,  as  in  that  of  the 
mole,  we  find  it  to  be  almost  horizontal ; 
■nd  ill  me  of  the  rodentia  WO  Ciniiid  it  ta 
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\m  Mnvex  «lQmiw«rdi»  »  still  Heabler  di- 
rection. 

Uu  the  auterlor  p^rt  of  the  skull  of  the 
hfldgehog,  you  observe  b  vacant  space 

between  the  tMo  iMtermaxillai'y  bones. 
There  come  thence  two  large  prominent 
teeth  (Fiff.  Ill,  a).  Those  teeUi  some- 
what resemble  in  their  lateral  position, 
atui  in  their  long  conical  form  and  ap- 
peai  ance,  the  cauiue  teeth  which  we  have 
seen  so  large  in  carnivorous  quadrupeds. 
We  perceive  here  thcji,  from  the  mnpntude 
of  t\iQse  teethy  which  are  true  incisors, 
and  the  smallness  of  the  incisor  teeth 
that  immediately  succeed  them,  that  the 
magnitude  or  smallnes*)  of  the  toetli  has 
nothing  to  do  with  theii-  true  aiiaioiuical 
and  zoolog^iad  characters.  Von  observe 
that  those  two  larpr-  teeth  of  rb  >  hedge- 
hog in  the  fore  part  of  the  mouth  are  (Us- 
tinctly  inserted  Into  the  intermaaiiUary 
bones,  and  not  into  the  jaw-bone.  That ' 
they  h^ve  behind  them  two  very  small 
toeth,  which  are  also  incisors,  on  each  side; 
so  that  there  are  six  iitci^ors  above  in  the 
hcd^elicg^.  ITie  toetli  which  succeed, 
come  very  near  to  the  latit  of  the  incisors, 
and  are  the  first  in  the  upper  jaw ;  those 
therefore  are  canine  teeth  {Fiff,  111,  b)  ; 
and  you  perceive  that  (heyhave  not  nearly 
half  the  length  orthe  magnitude  ofthefront 
pair  of  iucisor  teet)i.  The  molai'  teeth  here 
present  fine  examijlcs  of  those  broad  tu- 
berculated  crowns,  stndiled  with  sharp 
points,  which  are  so  characteristic  of  in- 
sectivorous quadrupeds.  ^Vo  have  here, 
both  iu  the  upper  and  lower  jaws,  broad 
square  crowns  of  the  mohtr  teeth,  with 
numcrons  ])ointed  tubercles  arranged  in 
two  longitudinal  rows.  The  whole  of 
those  crowns  are  covered,  with  a  thick, 
dense,  and  con^uous  layer  of  enamel. 
This  is  ihc  case  with  tlie  teeth  of  the 
cheiropterous  auiuials,  with  tlio^c  of  tiic 
quadrumanous  animals,  and  with  the  molar 
teeth  of  man;  we  have  seen  it  to  be  the 
case  also  with  the  molar  teeth  of  car- 
nivorous quadrupeds,  so  that  this  con- 
tinuons  coating  of  enamel  is  coninion  to 
the  molar  tcctb  of  ali  the  higher  orders  of 
qua(h-upeds.  In  the  lower  jaw  the  front  pair 
of  incisors  are  approximated,  and  project 
like  long  tuslcs,  as  in  the  upper  jaw  ;  there 
are  here  also  two  other  small  incisors  be- 
hind each,  so  that  there  are  the  same 
number  below  as  above.  The  lower  canine 
teeth  aie  nearly  tlie  smallest  teeth  in  the 
bead  of  this  animal. 

There  is  considerable  motion  in  every 
direction  in  the  lower  jaw ;  its  condyle  is 
(lat,  extended  tr;uisveiicly,  and  plays  over 
a  flat  articular  surface  of  the  temporal 
bono.  The  malar  bone  is  here  rcinark- 
auk  for  its  smallncss,  and  for  its  forming 
qnly  a  very  small  part  of  th»  middle  of 


the  zygomatic  areb$  its  iMDal  place  it 

occupied  by  a  large  malar  process  of  the 
superior  jaw-bone.  The  interiuaxiiUries 
extend  high  upon  the  ftee.  The  nasal 
bones— very  narrow,  long,  slender  bones 
— extend  upwards  between  the  frontals, 
which  are  here  sepatate.  The  parietal 
bones  are  also  generaU7  tepsMtted  by  a 
sagittal  suture,  and  encompass  a  large 
and  smooth  cranial  cavity,  at  the  anterior 
part  of  which  are  two  large  fossce,  termi- 
nated by  the  liurge  cribriform  plates  of  the 
etiimoid  bone,  for  the  olfactory  nerves. 
The  turbinated  portion  of  the  ethmoid, 
and  the  two  turbinated  bones,  here  pre- 
sent a  \cry  extensive  surface  for  the  or- 
gan of  smell  in  these  sniaii-eyed  nocturnal 
animals.  The  coronoid  process  of  the 
lower  jaw  is  very  large  and  hip;!]  ,  and  the 
ramus  of  the  jaw  arches  upwards  aud  in- 
wards behind  the  condyle.  The  infira- 
'  orbitary  foramen  is  large  and  compressed, 
and  the  lachrymal  groove  perforates  the 
outer  margin  of  the  lachrymal  bones,  ex- 
terior to  the  orbits.  The  transverse  ridge 
of' the  occipital  is  elevated  and  sharp,  and 
the  longitudinal  ridge  generally  well  mai ic- 
ed. The  extensive  articuhur  surfaCfM  of 
the  occipital  condyles,  allow  of  very  ex- 
tensive motiua  between  the  head  and  the 
atlas,  and  the  magnitude  of  the  oooipital 
foramen,  and  of  tlie  foramina  of  the  cer- 
vical veitebne,  allows  of  free  motion  in 
this  region  in  all  these  digging  animals. 
The  large  spinous  processof  th!s  axis  acches 
backwards  over  the  two  succeeding  cervi- 
cal vertebrae,  and  the  ti-ao&fverse  processes 
^the  sixth  cervical  vectebra  are  length- 
ened and  expanded  like  those  of  n  csTOOO* 
dile  or  a  gavial. 

In  the  posterior  part  of  the  skfdeton 
of  the  hctlgehog  you  observe  there  is  a 
considerable  !»!nl>ility  in  the  vertebral  co- 
lutuu.  That  IS  indicated  by  the  small 
development  of  the  spinous  processes 
throughout  tin;  whole  region  of  the  trunk, 
and  the  small  development  of  the  trans- 
verse processes  also  In  the  lumbar  re^on. 

The  hedgehog  is  one  of  those  animals 
which  are  covered  externally  with  a  strong 
means  of  defence  in  the  form  of  highly- 
developed  hairs,  forming  large,  stiff,  sharp 
spines.  We  have  already  seen  that  exte- 
rior integument  assume  various  forms  iu 
other  <nders  and  classes.  We  have  seen 
it  in  a  highly  developed  state  in  birds, 
where  the  hair  is  metamorphosed  into 
feathm  for  progressive  motion,  in  conse- 
quence of  the  extent  of  superficial  respi- 
ratif)n  in  tliat  class.  We  see  it  meta- 
moipboscd  into  (iuills  of  a  large  form  in 
the  porcupines,  and  scaleti  in  the  manis. 
Here  it  is  in  tlie  form  of  spines  or  bristles, 
for  defence  and  coujccahiieat.  Wbci'c  you 
$n4  that  kind  of  covering  spread  over  this 
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mrfiuse  of  Ihe  body,  it  it  generalljr  con- 
fined to  the  dorsal  region,  anfl  the  1  vvf  i 
part  of  the  body  is  usually  free  from  these 
denser  parts,  and  covered  with  hair,  as  you 
•ee  in  the  echidns,  the  manis,  the  hedge- 
hogs, in  the  porcupines,  and  also  in  the 
armadillo.  Now  these  animals  can  gene- 
nlly  coil  the  body  in  such  a  way  as  to 
protect  the  head  and  extremities,  and  to 
lorm  the  ti'unk  into  a  ball,  by  means  oi 
the  petnieuht9  tarwrna^  vrhich  i»  remark- 
ably developed  immediately  beneath  the 
skin,  as  you  see  in  the  hedgehog  before 
you;  the  head  and  neck,  the  anterior  and 
I>08tenor  extremities,  and  the  tail,  can  all 
be  coiled  up  and  retracted  within  the 
general  covering  of  the  spines  which  ex- 
tend over  tlie  baek.  When  the  trank  is 
thus  bent  forwards,  and  coiled  into  a  ball, 
the  spring  covering  is  actually  drawn  to- 
gether, like  a  purse,  by  the  sphincter  por- 
tion of  the  paniculus  camosus,  and  thus 
the  whole  body  is  covered  by  erect,  firm, 
pointed  spines .  That  requircH  at  once  con- 
siderable mobility  end  security  in  the  ar- 
ticulations of  the  vertebral  column,  and 
hence  the  extent  of  the  lumbar  region, 
and  hence  also  the  length  of  the  articular 
procfisses  of  all  the  \'crtcbraj.  The  ac- 
tion of  digging  and  scraping  also  requires 
ibat  the  anterior  extremities  should  be 
ipowerful ;  that  there  should  be  great  se- 
enrity  iu  all  the  articulations,  togitlier 
with  considerable  extent  of  motion.  Lit- 
^  tiioti<Mi,  comparatively,  is  required  even 
in  burrowing  quadruped:?  in  the  posterior 
es-tremitles,  as  they  are  only  organs  of 
support,  the  detached  earth  1>eing  carried 
backwards  by  the  broad  hands.  It  is 
thus,  therefore,  that  you  observe  in  the 
tnsectivora,  as  we  have  already  seen  in 
many  of  the  feeble  burrowing  rodentia, 
greater  molMity  in  the  articulations  of 
the  anterior  than  of  the  posterior  cx- 
tremiHes.  The  scapula  is  long  and  nar- 
jrow,  with  a  deep  crest,  which  extends 
in  ati  arched  form  over  the  head  of 
the  humerus,  and  secures  that  articula- 
tion, and  terminates  anteriorly  in  a  large 
acromion,  for  the  attachment  of  the  long 
and  strong  clavicle.  The  ulna,  separatt: 
Itwottglioat  from  the  slender  radius,  is 
a  strong  compressed  bone,  with  a  large 
prq}«.'cting  olecranon.  The  whole  hands 
are  stronger  and  more  expanded  than  the 
long  tieuder  feet.  There  aro  five  toes  he- 
fore,  as  behind,  terminated  by  powerful 
claws  for  scrapnij^  and  digging.  The 
pelvis  is  large,  wide,  and  strong,  with  a 
garrt*  iliac  articulation  extending  longitu- 
diuali/  over  the  transverse  processes  of 
Hiree  aaeral  vertehre,  and  behind  this  ar- 
ticulation at  some  distance  lies  the  coty- 
loid cQvify.    The  foramen  oLturalorium  is 

cn  gi-cat  m>^t  iuid  tUe  pubk  bonet  form  a, 


I  wide  and  regular  arch  in  beridingr  ibrwsrds 

(0  join  at  the  symidiysis.  The  femur  is  re- 
markably compressed  throughout  its  whole 
extent.  The  slender  fibula  is  anchylosed 
to  the  strong  compressed  tibia,  for  more 
than  half  its  extent,  and  is  widely  sepa- 
rated from  the  tibia  at  its  upper  end,  so 
that  there  is  a  very  strong  and  secure  arti- 
culation between  the  expanded  lower  end 
of  the  tibia  and  the  astragalus.  Her^ 
as  in  others  of  this  order,  the  calcaneom 
projects  very  little  backwards  behind  the 
lower  end  of  the  tibia.  The  claws  on  all 
the  extremities  of  these  insectivorous 
quadrupeds  are  large  and  strong,  rapidly 
worn  down  by  constant  abrasion,  and  ra- 
pi(ily  renewed  by  growth.  They  are  plan- 
tigrade, like  the  bears  and  bodgert,  and 
some  other  carnivora.  The  hedgehogs, 
li\nng  OIL  the  surface  of  the  ground,  are 
exposed^)  changes  of  temperature^  and  to 
periodical  privations  of  food,  to  which  the 
moles  under  ground  are  not  expose>1,  the 
hedgehogs  therefore  are  liable  to  hi  ber- 
nate in  our  latitudes,  and  the  moles  are 
in  constant  activity. 

Many  of  the  characters  presented  by  the 
skeleton  of  the  heflgehog,  we  see  repeated 
in  this  small  skeleton  of  the  shrew,  with 
the  head  lengthened  and  tapering  like  that 
of  the  mole,  and  with  the  front  incisors 
above  and  below  larger  than  those  behind, 
as  in  the  hedgeiiog.  The  coronoid  process 
of  the  lower  jaw  rises  to  a  remarkable 
height,  and  the  long  postoior  slender  pro- 
cess of  the  ramus  extends  backwards  un- 
der the  temporal  bone.  The  infra-orbitary 
foramen  is  of  great  size ;  and  the  inferior 
front  incisors  are  lengthened,  like  those  of 
a  kangaroo,  and  studded  with  a  i*ange  of 
tubercles,  like  molar  teeth.  The  scapuls 
are  long  and  narrow,  and  the  clavicles 
long  and  strong;  the  pelvis  longitudinal; 
the  humerus  and  the  femur  short,  and  the 
bones  of  the  fore  arm  and  leg  long,  and 
developed  as  in  the  hedgehog  and  the 
mole.  The  ciadobateg,  the  mygalef  the 
condi/lura,  the  tcalopg,  and  that  beautiful 
little  African  animal  tlie  chrysochloris,  with 
the  fur  shining  like  the  plumage  of  a  hum- 
tning  bird,  have,  like  the  shrew  and  the 
hedgehog,  the  antei^indsorB  larger  than 
the  canin  -'  t  th.  The  cladobatesof  Java, 
with  the  long  muzzle  and  the  furry  tail  of 
a  fox,  and  the  plantigrade 'character  and 
long  feet  of  a  mole  or  hedgehog,  climbs 
nimbly  on  trees,  like  a  squirrel  or  a  quad- 
rumanous  animal,  in  pursuit  of  its  insect 
prey.  The  long,  compressed,  scaly-tailed 
musk-rat  of  Russia,  with  webbed  feet  and 
prolonged  tubular  nostrils,  burrows  on  the 
flanks  of  rivers,  and  sedcs  its  prey  among 
the  mud.  Tlie  chrysochloris  has  the  ole- 
cranon of  the  ulna  detached,  like  a  patella, 
{US  we  see  it  in  isoine  bats,  with  eaoi'mou« 
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claws  on  the  iagen,  to  oMfot  it  in  dig^g 

its  subterranean  avenues. 

la  the  skeleton  of  the  mole  we  see  in 
every  {lart  the  ttrncture)  the  proportions 
and  the  forma  of  the  bones  well  adapted 
for  its  diprging  and  burrowing  habits.  The 
surface  of  the  animal  is  covered  with  very 
short  soft  compact  fur,  which  presents  as 
litric  impediment  to  its  digging  as  the 
scaicii  of  au  armadillo  or  a  manis.  Its 
Tespiialory  organs  are  large,  its  mnsctilar 
ciicrpy  great,  and  its  l>niii  s  nre  strong, 
deu^t  and  compact,  as  in  carnivorous  qua- 
dmp^ls.  The  skeleton  is  formed  like  a 
cone,  with  the  base,  which  is  the  digging 
part,  directed  fcn  ward,  and  tapering  to  the 
posterior  part,  bo  tbat  in  looking  at  the 
entire  dceleton  we  perceive  that  the  an- 
terior half  is  remarkably  developed,  com- 
pared with  the  posterior  half  j  that  while 
the  pelvic  r^on  is  renuurkablf  narrow, 
hinall,  lengthened,  and  imperfect  in  its 
development,  the  region  of  the  thorax,  the 
scapula;,  the  sternum,  the  clavicles,  and 
the  humeral  bones,  arc  remarkable  for 
their  strength,  their  solidity,  and  their 
magnitude.  The  legs  and  the  feet  ai  e  dis- 
proportionatflly  small,  hut  the  hands  and 
the  arms  arc  remarkable  for  their  size  and 
power.  The  region  of  the  thorax,  encom- 
passed by  the  ribs  and  tiie  sternum,  is  also 
of  great  breadth,  embncittg  obviously  a 
large  respiratory  organ. 

The  long  tapering  form  of  the  head  i» 
Oe  mole,  oonresponds  with  that  which  we 
have  seen  in  most  of  the  digging  insecti- 
vorous animals,  whether  of  this  or  other 
ordtn.  This  lengthoied  ftnni  in  l^e  mole 
depends  greatly  on  the  development  of 
the  bones  of  the  cranium,  and  partly  also 
on  those  of  the  face.  The  orbits,  if  pre- 
•ent,  are  OQtttinuous  here  with  the  tem- 
poral fossae;  for,  in  fact,  the  very  rviimte 
eyes  of  the  mol^  Uke  two  black  points, 
are  not  lodged  in  orbits,  but  are  confined, 
almost  to  a  contiguity  with  the  surface  of 
the  skin.  The  parietal  bones,  here  sepa- 
rate, are  remarkable  for  their  extended 
length,  extending  forwards,  preseMking  the 
lengthened  form  of  the  contained  hemi- 
spheres of  the  brain  tapering  forwards.  The 
temporal  bones  and  their  ^goroatic  pro- 
cess are  comparatively  very  small.  The 
occipital  bone  is  veir  smooth  on  its  dorsal 
aspect,  and  extends  m  an  expanded  arched 
form  over  a  great  part  of  the  cranium. 
From  the  extension  forwards  of  the  parie- 
tal and  frontal  bones  over  the  fore  part 
of  the  head,  the  nasal  and  intermaxillary 
bones  occupy  but  a  small  space.  The 
zygomatic  arch  is  remarkably  slender,  and 
almost  on  the  same  longitudinal  plane. 
The  coronoid  process  ol  the  lower  jaw 
rises  very  high  thraugh  that  arch,  and  the 
angle  of  the  jaw  is  prolonged  backwai  ds 


and  a  little  inwards  over  the  mastoid  pnv 

tion  nf  the  temporal  bone.  The  fore  part 
of  the  septum  of  the  nose  is  ossified  in  the 
mole,  so  as  to  form  a  distinct  small  bone  in 

that  situation  to  support  the  nose  in  dig- 
ging, as  wc  saw  ia  the  strong  digging  nose 
of  the  hog.  The  whole  parietes  of  the  «ku3Ic 
are  thin,  smooth,  and  diaphanous,  asinthe 
echidna  and  the  aut-eaters,  and  the  Stt* 
tures  are  distinct. 

Tne  molar  teeth  of  the  mole^  phioed  in 
these  lengthened  jaws,  have  the  same 
broad  tuberculated  crowns,  studded  with 
sharp  elevated  tubercles,  which  we  find 
generally  disposed  in  insectivorous  quad- 
rupeds in  two  longitudinal  rows,  an  inner 
and  an  outer;  so  that  the  insects  put  be- 
tween those  rows  of  sharp  points  are 
more  easily  hvh\  in  that  position  and 
bruised,  and  the  softer  matters  are  thus 
extracted  from  the  interior.  The  indiges- 
tible hard  exterior  parts  whicli  arc  swal- 
lowed with  the  others,  jjass  witii  little 
change  tlirough  the  alimentary  canal  in 
insectivorous  quadrupeds.  And  you  And 
sometimes  that  the  colon  contains  large 
quantities  of  the  rings  and  elytra  and 
other  parts  of  insects,  but  little  changed 
by  the  secretions  of  the  intestines,  while 
the  other  soft  interior  parts  of  the  struc- 
ture have  been  dissolved  away  by  the 
fluids  which  assist  in  digestion. 

Naturalists  divilr  this  insectivorous 
order  into  two  Htticlumilies,  distinguished 
by  having  in  the  one  the  front  incisor 
teeth  larger  than  the  canine  teeth,  nm\  in 
the  other  the  canine  teeth  larger  than 
the  incisors.  Thus  you  see^  in  the  mole 
and  the  centenes,  that  the  canine  teeth 
have  the  ordinar}' prominent  conical  form, 
and  arc  of  great  size  compared  with  the 
intervening  hicisora,  which  exist  in  car- 
nivorous (luadrupcds,  presenting  propoir 
tions  the  reverse  of  what  we  saw  in  the 
former  group. 

In  the  cervical  vertehrrc  of  the  n{t)\o  wo 
observe  that  the  axis  has  its  spinous  pro- 
cess greatly  developed  upwards  and  back'* 
wards,  and  of  great  strength,  showing  the 
power  of  the  muscles  attached  to  that  pro- 
cess, and  passing  from  it  to  the  occipital 
bone.  Tlie  remaining  cervical  votebro 
are  behind,  like  so  many  loose  ring?, 
shorn  of  their  spinous  and  transverse 
processes,  to  allow  of  the  freest  motion, 
with  safety  to  the  spinal  chord.  On  the 
anterior  yiart  nf  the  chest,  which  is  sur- 
rounded with  almost  cylindncai  slender 
highly-curved  ribs,  extending  outwards  so 
fat  as  to  encompass  a  large  thoracic  ca- 
vity, corresponding  with  the  great  respi- 
ratory organs  and  the  consequent  great 
vigour  of  tlie  nuiscular  system,  you  per- 
ceive that  the  sternum  has  a  vopry  unusual 
lengthened  and  compressed  form.  Cylin- 
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dHoal  <nd  harrow  at  its  posterior  part,  as 

is  common  in  other  quadrupeds,  it  passes 
far  forwards  before  the  termination  of  the 
first  pair  of  ribs,  and  the  part  i^rhich  It 
thus  tlinist  so  far  forwards  is  compressed 
and  elevated  like  that  of  a  bird.  It  pro- 
mts the  prominent  carinated  form  which 
is  so  characteristic  of  the  sternum  of  the 
winged  and  feathered  tribes.  The  sternum 
(/%.  112,  d)  is  here  thrust  forwards  so  far, 
that  the  anterior  eztremitlfin,  which  are 
fixed  hy  a  very  short  and  strong  clavicle  to 
the  sides  of  the  anterior  termination  of  the 
Sternum,  are  fixed  in  a  position  which  they 
would  he  thi  oNvn  into  in  an  animal  which 
was  destitute  of  a  clavicle,  or  had  a  long 
clavicle,  and  which  nseO  a  violent  efFort 
to  bring  forward  the  shoulder  as  far  as  the 
«ra])nhe  and  the  cla\iiles  would  allow. 
That  is  the  best  position  for  them  to  be 
fixed  in  in  the  mole,  in  order  to  ^ve  force 
to  the  motions  cf  tlie  anns  harkwards. 
Thus  the  scauulse  and  the  humeri,  and  the 
whole  anterior  extremities,  have  great 
freedom  of  motion ;  from  being  thrust  so 
far  foi->\'ard8  from  tiie  ribs  themselves, 
they  are  actually  fixed  by  this  lengthened 
Sternum  so  much  anterior  to  the  region 
of  the  thorax,  that  the  clavicles  and  hu- 
meii  are  under  the  atlas.  We  observe 
that  the  clavicles  in  the  nole  (J^.  112, 
c)  are  remaricable  for  th^  thidcness  and 
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shortness,  so  that  they  have  the  appear- 
ance of  small  cubical  bones  insinuated  be- 
tween the  scapulx  and  the  sternum.  The 
scapulae  (Fiff.  112»&)  on  the  contrary  have 
a  louf?  and  almost  cylindrical  form  at  tlioir 
proximal  extremities ;  and  as  they  extend 
backwards,  they  assume  in  a  very  slight 
degree  tliat  expanded  form  which  is  com- 
mon to  the  scapula;  of  mammalia,  with  a 
small  crest  or  spine  on  its  dilated  poste- 
rior portion. 

The  lengthened  muscles  attached  to 
these  scapula:  give  great  velocity  to  the 
movements  of  the  parts  upon  which  they 
act— the  proxitaal  end  of  the  short  com- 
pressed huuiefus.  The  humerus  {Fig.  112, 
m)  itself  has  a  remoilcablf  short,  irregular, 
grooved,  and  compressed  form,  nearly  as 
broad  at  its  extrenntes  as  its  whole  length. 
It  is  veiy  short  aiul  strong,  presenting  an 
tsleiiii?e  smrfam  at  both  ita  dilated  extre- 


mities, for  the  attachment  of  the  mliidlsli 

those  muscles  possessing  here  great  power^ 
by  the  increased  number  of  their  ftbreSt 
but  losing  in  velocity  by  the  shorten" 
ing  of  the  bones  of  the  whole  arms  and 
hands,  and  by  being  inserted  at  a  greater 
distance  fnm  the  centre  of  motion.  The 
olecranon  of  the  ulna  projects  remark- 
ably backwards  in  an  expanded  form, 
giving  thus  a  prmligions  increase  of 
power  to  the  nniscles  which  act  upon 
that  point  in  the  motions  of  the  fore 
arm.  The  radius  and  the  ulna  being  fixed 
in  a  state  of  pronation,  the  strong  digging 
hands  car.  be  moved  with  force  and  farility 
forwards  and  backwards.  The  hones  of 
thecarpns,  of  the  metacarpus,  and  the  pha- 
langes of  tiie  finger. arc  all  short  and 
strong  bones,  v.  itli  broad  and  secure  arti- 
culations ;  and  the  last  phalanges  only, 
which  are  dee^dy  grooved,  and  support  tm 
long  claws,  liave  great  length,  anfl  pass  to  a 
great  distance,  through  the  strong  claws, 
to  give  them  greater  stren^h  and  tupptnrt 
for  digging. 

The  ungual  bones  of  the  hands  —  the 
bones  which  are  covered  with  the  long, 
l)road,  flat  and  almost  straight  claws,  are 
of  groat  size  in  this  animal,  and  have  ft 
depressed  form.  You  will  observe  gene^ 
rally,  deeply  grooved^  and  almost  divMed 
at  their  distal  extremity,  the  terminal 
phalanges  of  the  fingers.  They  arc  par* 
tially  cleft  at  their  distal  cxtletnUy, 
by  which  greater  elasticity  as  well  as 
strength  is  given  to  the  claws.  That 
slight  degree  of  elasticity  is  advantageous 
where  t£ie  hand  has  much  resistance  to 
overcome,  as  it  would  otherwise  be  more 
liable  to  break  the  daws,  than  if  they  were 
supported  by  solid  And  lengthened  bonrlee. 
The  terminal  phalanges  in  this  skeleton, 
from  which  some  ot  the  claws  have  been 
removed,  show  the  divided  form  of  the 
last  phalanges.  One  of  the  bones  of  the 
carpus  is  lengthened  and  curved  forwards, 
so  as  to  increase  and  extend  the  inner 
surface  of  this  digging  instrument. 

The  most  remarkable  jjart  of  the  skele- 
Fiff.  113.  ton  of  the  nmle  is  prol>abIy 
the  pelvis.  (Fig.  IIH.)  We 
observe  here  somewhat  the 
lengthened  narrow  form,  and 
the  appearance,  of  the  pelvis 
of  a  bird,  espedally  in  Hie 
anchylosis  of  the  sacrum  to 
the  iiiac  bones,  the  iiiac  bones 
te  the  ischhm,  and  the  ladihnn 
to  the  pubic  bones ;  but  the 
pubic  bones  you  obser%'e  do 
not  meet  in  front,  to  form  theusnal  closed 
symphysis.  The  skeleton  I  now  hold  in 
my  hand  is  wider  than  they  generally  are. 
The  skeleton  1  next  show  you  has  the 
nune  natnral  appeemnce »  here  thejr  aire 
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separated  to  the  distance  of  half  a  line. '  corresponding  regions,  the  eacruni)  the 
The  widest  or  transverse  diameter  of  the  ilium,  the  iscblnin,  aud  the  pubei. 
adult  pelvis  is  about  two  lines.  The  pubic'  Neither  the  organs  of  generation,  nor 
bones  have  a  wide  symphysis,  where  they  |  the  termination  of  the  inteetine,  nor  the 
are  united  by  a  loose,  scrffc,  cartilaginous  [urinary  organs,  past  through  tbii  imperfect 
suhstancc.  The  two  ischia,  with  a  very  i  pelvif^,' hut  they  terminate  in  Urmt  of  it. 
long  foramen  obturatorium,  as  in  birds,  j  Thus  the  region  of  the  j)elvis  in  tlie  mole 
projcctconddwUtly  behind,  and  diverge  at  i  serves  a  most  important  purpose  for  giving 
their  tuberosities.  The  sacral  vertebrae  arc  '  great  security,  by  the  anchylosis  of  all  itt 


anchylosed  together,  and  present  a  con- 
tinuous elevated  spine  along  their  dorsum, 
hut  the  lumbar  vertebra  admit  of  great 
freedom  of  motion  in  that  reirion. 


bones,  to  the  attachment  of  the  legs  ;  but 
it  serves  not  the  ordluaiy  purposeof  giving 
support  to  the  passages  for  the  prodncfci 

of  |::i"npr;Uinn,  nndthc  residue  of  dip-cstion. 


It  is  obvious  u^)on  lootviug  at  this  pelvis  i  By  this  shiinkiug  of  the  dimensions  of  the 


of  the  mole,  and  m  attempting  to  pass  the 

point  rf  a  jjencil  through  it,  that  it  will  not 
admit  any  object  half  a  line  in  diameter 
to  pass  through  its  anterior  aperture.  Now 
we  are  speaking  of  avivipaious  (piadrupcd, 
avr(!  not  of  an  oviparous  bird  or  reptile, 
which  must  expel  the  ovum  to  be  de- 
velojied  exterior  to  the  hoiiy;  we  are 
speaking  of  an  animal  which  Tnatin-c^:  the 
young  by  a  placenta  in  the  uterus,  and 
which  mitst  pass  them  down  from  the 
uterus  with  the  form  of  the  parent,  and  in 
a  condition  fit  to  ])rovirlp  for  them<?eh'c?, 
through  the  ordinary  passageii,  so  far  as 

the  toft  parts  are  concerned  in  the  dis- 
charge  of  the  fuetuj?. 

Nature  had  here  an  interesting  and 
difficnlt  problem  to  solve.   To  hay«t  given 

this  quadruped  a  pelvis  caj)ahle  of  a(lmit- 
ting  a  matured  foetus  to  pass  through 
its  cavity,  would  have  been  to  separate 
the  two  condyloid  cavities  to  a  much  great- 
er distance  than  they  ha\  e  nt  i)rc«cnt — 
to  liave  separated  the  two  trochanters,  and 
the  whole  posterior  extremities  to  a  greater 
distance  from  each  other — in  short,  to  have 
greatly  enlarged  the  posterior  part  of  the 
tronk, — that  part  which  is  to  he  dragged 
through  the  loose  earth  which  the  ante- 
rior extremities,  continually  dij^ginc^,  have 
thrown  back  upon  the  trunk.  The  btruc- 
tttre  most  advantageous  for  a  burrowing 
animal  of  this  kind  \vo<ild  he  a  cone,  with 
its  base  placed  anteriorly,  and  the  mole 
haa  that  form  given  to  it  hy  the  po- 
sition and  the  direction  of  its  arms 
and  hands.  The  base  of  the  cone  is  an- 
terior, ttie  arms  and  the  large  digging 
hands — thrown  out  from  the  sides  of  tliL- 
iKMly  hy  the  extension  outwards  of  the 
humeri  and  eUiows  at  rij^ht  angles  to  the 
tmnk — forming  this  digging  base  of  the 
cone,  and  the  tapping  pelvis  forming  the 
apex. 

It  was  necessary  to  check  the  develop- 
ment of  this  posterior  part.    Nature  has 

efFoctually  done  this  hy  formings  a  pelvis 
which  will  .scarcely  permit  a  pin  to  pass 
through  it.  So  that  we  have  got  here  all 
the  normal  characters  of  a  pelvis,  without 


pelvis,  the  advantage  is  gained  of  bringing 

the  heads  of  the  two  femora  as  nearly  as 
possible  to  the  median  plane.  The  nearer 
they  can  approach  the  median  plane,  the 
more  they  reduce  the  dimensums  of  that  re- 
gion, and  they  can  be  the  more  ea«ily  drawn 
through  the  nai'i*ow  passages  in  which  the 
mole  it  htnrowing.  The  whole  posterior 
extremities  are  here  very  small,  and  their 
bones  more  slender  than  in  the  arms. 
There  is  a  compressed  fomur,  and  the  pa- 
tella is  almost  cylindrical,  the  tibia  and 
fibula  arc  anchylosed  to  such  an  extent 
together,  that  the  fibula  is  OTily  a  small 
process  at  the  np]>er  part  of  the  tibia,  and 
both  these  bones  have  long  hook-like  pro- 
cesses at  their  proximal  ends.  The  feet, 
which  are  long  and  nanw,  are  like  those 
of  most  digging  and  burrowing  animals, 
employed  as  organs  to  support  the  trunk 
during  the  various  active  motions  of  the 
fore  feet,  aind  they  are  therefore  less  per- 
fectly develoj)ed  than  the  hands.  They 
are  here  too  iilender  to  give  much  assist- 
ance in  excavating  the  solid  earth,  which 
these  animals  perform  with  extrnnnlirtriry 
rapidity  in  the  densest  soils.  Thus  we  i^ee 
hy  the  instruments  and  the  stroctnre  given 
to  these  insectivorous  (luadrujjeds,  that 
the  vermin  buried  in  the  earth,  and  con- 
suming  in  apparent  safety  the  tender  roots 
of  the  young  and  growing  plants,  have 
skilful  aiul  stronj?  antagonists  in  tl  is 
highest  class  of  vertebrata,  and  that  they 
are  not  more  safe  to  commit  their  devM- 
tntioi.'  rn  the  dark  recess-^s  of  the  earth 
than  tlie  gaudy  butterflies  which  suck  the 
8ecretk>n8  from  the  expanded  ilowert  at 
noon-day. 

The  cheiroptera  are,  for  the  most  part, 
like  the  innectivora,  noctnmal  in  their 
habits.  Thry  nr^  the  companions  of  the 
owls  and  the  moths  in  their  nocturnal  de- 
predations, and  like  them  they  are  or- 
ganized with  soft  wings  to  glide,  like 
shadows  through  the  still  night  air,  and 
potmce  unheard  and  unseen  npon  tAieit 
victims.  The  bats  are  insectivorous  mam** 


nialia,  with  the  arms  foT  Tnrtl  like  wings, 
the  functions,  forwc  have  here,  as  in  other  ^  and,  flying  through  the  au  like  birds,  theii* 
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ing  often  upon  the  tilled  and  newly 
planted  ground,  and  feeding  upon  those 
destructive  larv;e  and  insects  which 
would  othcnvise  consume  the  new]\  -so^vn 
seeds  aud  the  eliooting  plants.  The  in- 
sects that  commit  their  depredations  by 
night  nhov3  ground,  whether  on  the  sur- 
face of  the  earth  or  on  the  loftiest  trcea, 
have  myriads  of  noctomal  winged  quad- 
rupeds organized  and  eager  to  destroy 
thorn. 

Thus  Nve  observe  the  first  modification 
of  the  skeleton  of  these  eh^rcpteroiu*  ani- 
mals, to  ndript  thcin  far  i)rogTessive  motion 
through  the  atu)osx)hcre.  You  liave  al- 
ready seen  that  the  pterodactylns  among 
the  reptiles  used  its  arms  for  fl\  in^  through 
the  air,  and  had  one  of  the  fiii-;i'i->  vc- 
niai'kahly  developed  and  lengthened,  wiiich 
Thns  we  find  ^StaA  natore  has  not  given  |  together  with  the  whole  arm,  was  provided 

in  the  living  state,  apparently,  with  a 
membrane  that  passed  continuous  from 
the  hand  to  tlie  posterior  extremity.  In 
birds  yon  have  seen,  that  it  was  the 
arm  thnt  was  used  to  strike  the  atmo- 
sphere, and  to  cai'ry  their  carcass  through 
its  attenuated  strata.  We  observe  that 
this  anterior  nicinbcr  is  use;!  in  the  chei- 
roptera as  the  iut$trumcnt  for  progrcs* 


siceleton  presents  ^ome  characters  of 
affinity  mriw  iSaak  cla^s,  in  the  parts  con- 
nected with  progressive  motion.  Like 
other  insectivorous  animals  they  dcvotu* 
the  eggs  and  the  young  of  birds,  and  the 
smaller  quadrupeds  and  birds,  fruits,  in- 
sects, and  worms.  They  scclc  not,  like  the 
former  order,  their  food  on  the  earth,  but 
they  pursue  the  insects  through  the  air, 
and  seize  them  while  upon  the  wing,  as 
they  take  the  fruits  from  the  trees,  and  not 
after  they  have  fallen.  Tiiey  seize  the 
young  birds  whUe  upon  the  wing,  or  in 
their  nests  on  the  summits  of  trees,  or 
difiii,  or  buildings.  They  take  the  eggs  of 
Inrds  as  well  aa  the  fruits  of  trees,  so  that 
they  have  tiie  tame  mixed  kind  of  food 
as  the  insectivorous  quadrupeds  without 
wings 


to  any  animals,  whether  in  the  air,  or  in 
the  waters,  or  in  the  earth,  a  mcan^  of 
perfect  security.  The  insects  are  not 
safer,  flying  aloft  through  the  thin  air 
even  by  night,  than  they  would  be  wei*e 
they  concealed  under  the  solid  ground; 
nor  are  they  safer  under  ground  than  they 
would  be  perched  upon  tlie  trees,  or 
buried  in  recesses  under  the  bai  k,  or  con- 


cealed under  the  for  of  quadru])cds.  |  i>ive  motion  through  that  clement  This 
Nature  has  everywhere  provided  animals  i  forms  the  most  importasit  modification  of 


to  find  them  out,  to  pursue  them  throiigh 
all  their  windings  and  recesses,  and  or- 
ganized them  to  feed  only  upon  such  kind 
of  food.  The  ceecutn-cofi  is  almost  always 
much  more  developed  than  we  ever  find  it 
in  the  iiuteHmra,  We  see  the  necessity 
for  the  consumption  of  those  innumerable 
hoards  of  insects  that  prey  so  extensively, 
both  upon  the  v^etable  and  animal  worlds. 
When  the  prodnoe  which  the  husband- 
man expects  as  the  reward  of  his  industiy 
is  begiuuiug  to  lise  above  the  ground, 
when  the  germinating  grains  are  shooting 
down  their  tender  radicles  and  roots  in 


the  skeleton ;  the  great  development  of  ihe 
arm,  and  principally  of  the  hand,  adapts 
it  to  serve  as  a  wing  to  carry  sudi  quad' 
rupeds  through  the  air. 

it  is  obvious,  however,  that  the  bat  is  a 
quadruped  formed  upon  the  plan  of  or-, 
dinary  quadrupeds,  and  not  having  the 
means  of  transmitting,  from  the  cells  of  the 
lungs,  air  through  all  the  bones  of  the 
body,  so  as  to  render  them  light  like  air- 
tubes, — not  having  the  cells  of  its  lungs 
extended  into  the  cavity  of  the  abdomen,  or 
coming  out  into  the  axilla  and  other  ex- 
ternal parts.    It  required  to  have  the 


quest  of  nourishment  into  the  earth,  those  \  i>ostcrior  parts  of  its  body  as  light  as  pos 


sources  of  nutrition,  growth,  and  life,  at  e 
nipped  and  consumed  by  myriads  of  larvae, 
which  are  carefully  deposited  underground 
for  that  purpose  by  the  parent  insects,  and 
unless  there  were  animals  like  ^e  moles 
and  other  insectivorous  quadrupeds  con- 
st! ucted  for  perforating  through  all  the  in- 
terior of  the  soil,  and  feeding  uj)on  those 
destructive  insects  and  worms,  it  would 
be  difficult  to  conceive  a  means  hy  which 
the  grain  so  necessary  for  the  main- 
tenance of  man,  and  of  the  animals  the 
most  necessary  and  useful  to  man,  could 
be  protected  and  matured.  Many  animals 
Itesides  quadrupeds,  we  find,  busied  in 
consuming  those  noxious  vermin.  We 
see  the  crows  and  rooks  and  other  om- 
nivorous birds,  in  hoards,  sometimes  so 
{.reat  asto  darken  the  atmosphere,  alight- 


sible,  that  the  anterior  extremity  might 
have  less  weight  to  drag  through  the  at- 

mospherc.  Tt  is  thus  that  you  observe 
all  the  proportions  of  the  bones  and 
muscles  of  the  anterior  part  of  the  body 
much  more  developed  than  in  the  pos- 
terior part  in  the  cheiroptera ;  that 
the  arm,  the  hand,  the  head,  the  thorax, 
ai%  large,  while  the  lumbar  region,  tiie 
pelvis,  the  legs,  and  feet,  are  very  small ; 
proportions  the  reverse  of  what  we  have 
seen  in  many  other  quadrupeds,  as  in  most 
of  the  rodentia,  in  the  Icangaraos,  and  in 
other  animals-, 

Now  the  arms  of  these  cheiroptcrous  ani- 
mals are  developed  to  form  an  instrument 
of  J) regressive  motion,  very  different  in  its 
nature  from  that  of  the  bird.  The  organ 
which  the  bird  employs  to  strike  the  thin 
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ataUMtphere^  and  to  carry  its  bulk  tbrongb 

thr  riir,  is  not  hone,  nor  mn-cle,  nor  skin, 
hut  chiefly  developed  hairs  or  feathers, 
containing  themselves  great  quantities  of 
air  in  their  shafts  and  their  cellular  tex- 
ture, and  beinp:  of  <i  lij^lit,  I'laatic,  and 
dense  texture,  on  their  exterior  paiietes. 
This  ifl  not  at  all  tbe  structure  of  tbe  wing 
of  the  bat ;  bones  and  muscles  and  mem- 
brane, and  not  light  feathers,  form  the  iri> 
stniment  that  the  bat  employs  in  its  pro- 
gressive motion.  IL^  hair,  in  fact,  is  less 
developed  than  it  is  in  ordinary  quadru- 
peds on  these  anterior  extremities.  Here 
it  would  bave  been  an  impediment  to  tbe 
motion  of  the  arm  to  have  covered  it  with 
a  thick  coating  of  wool  or  long  hair,  such 
as  that  which  covers  tbe  rest  of  the  body. 
It  has,  tberefore,  a  band,  still  constructed 
entirely  tipon  the  ordinnry  plan  of  the 
bands  of  mammalia,  but  varying  some- 
wbat  in  the  proportions  of  its  elements  as 
to  length  and  thickness. 

Now,  ill  the  diOerent  regions  of  the  skele- 
ton and  the  separate  bones  of  the  cheirop- 
tera, we  observe  that  the  head  has  gene- 
rally a  lengthened  and  tapering  form,  and 
that  this,  produced  by  tbe  great  develop- 
ment of  tbe  upper  and  lower  jaws,  affords 
a  considerable  space  in  those  jaws  for  the 
insertion  and  su])i)ort  oi"  numerous  tubcr- 
culated  insectivorous  molar  teeth.  They 
bave,  generally,  long  and  sharp  canine 
teeth,  both  above  and  below.  Th  rr  is, 
generally,  a  vacant  space  in  the  front  of 
the  upper  jaw,  and  the  intermaxillary 
bones  have  only  a  partial  development. 
Sometimes  they  are  only  soft  and  cartila- 
ginous i  and  since  this  is  the  case  with  the 
^veoU  of  the  upper  incisors,  those  teeth 
are  very  unstable  and  deciduous.  Such 
being  tbe  case,  notbiug  is  more  difficult 
tban  to  determine  tbe  true  adidt  dental 
formula  of  tbe  cheiroptera.  But  in  this 
vacant  space  in  the  front  of  the  mouth, 
and  in  the  separation  of  the  palatine 
bones,  you  observe  a  further  aflinity  to 
birds,  which  have  large  palatine  fissures. 
Here  the  eyes  are  but  small,  and  the  or- 
bits communicate,  and  are  perfectly  con- 
tinuous with  the  temporal  fossae,  as  in 
carnivora,  but  with  ve?  y  feeble  zygomatic 
arches.  On  the  back  part  of  the  craiiiuui 
tbe  parietal  bones  are  observed  early  to 
ossify,  earlj'  to  moot,  and  early  to  ancby- 
lose,  so  as  to  foim  u  continuous  arch  over 
the  hemispheres  of  the  brain,  as  in  most 
animals  where  the  temporal  muscles  are 
powerful  Thi«  we  saw  in  the  carnivo- 
rous quadniped.-i,  where  the  ossification 
also  proceeds  very  rapidly  throughout  all 
parts  of  the  skeleton.  Tlic  i)arietes  of  the 
skull  in  the  cheiroptera  are  generally  thin, 
amoodiy  and  diaphanous,  corresponding 
witii  tlie  shallow  and  few  convolutions  of 


the  hemispheres  of  the  brain,  which,  by 

theirlimitcd  development  backwards,  leave 
the  cerebellum  uncovered  behind  them, 
and  wc  have  already  seen  those  cranial 
bones  present  this  character  in  edentu- 
lous insect  eating  quadrupeds,  and  in 
birds  with  smooth  hemispheres  of  the 
brain.  The  orbits  are  as  imperfect  as  in 
any  of  the  carnivora,  and  the  eyes  of  bats 
ai'e  very  small,  although  these  are  noc 
tumal  animals.  They  are  much  guided 
in  their  motions  by  sensations  received 
throuL'h  tl.t  ir  Inrge  ears,  and  the  great 
cutaneous  deveiopuient  on  their  wings,  the 
bead,  and  the  trunk.  In  the  pteropuft 
however,  the  orbit  is  surrounded  by  a 
complete  osseous  ring,  in  the  r/mio/o' 
pAus,  the  small  iutermaxillarics  aie  soft 
and  cartilaginous,  and  contain  each  but 
one  incisor  tooth  and  in  the  njfcierh  the 
iutermaxillaries  arc  united  by  a  moveable 
articulation  to  the  up^jcr  jaw-bones,  like 
the  moveable  face  of  many  birds.  There 
is  great  diversity  in  the  number  and 
characters  of  the  teeth  in  this  order,  and 
in  tbe  extent  of  their  carnivorous  or 
frugivorous  habits;  but  they  have  all 
the  three  kinds  of  teeth— incisors,  caoiue, 
and  molar  teeth,  and  the  nolares  ai« 
covered  with  a  continuous  layer  of  enamel. 
The  incisoi's  above  and  below  are  re- 
markably grooved,  and  striated  longitu- 
dinally in  the  galeopithcci  of  the  Indian 
Archi])elago,  which  feed  both  on  animal 
and  vegetable  food. 

The  cervical  vertebrte  admit  of  consider- 
able motion  backwards  and  forwards  in 
the  bats.  They  are  jjroportionally  strong 
in  then  processes,  and  moved  by  strong 
muscles,  which  corresponds  wiiYa  the 
general  great  development  of  the  an- 
terior half  of  the  trunk,  compared  with 
the  smaU  and  light  posterior  part.  There 
is  a  large  part  of  the  vertebral  column 
you  perceive  in  this  skeleton  of  the  r/a'??o- 
lophtis  from  the  catacombs  of  Paris,  be- 
hind the  last  ribs,  where  there  is  great 
mobility — the  region  of  the  long,  narrow, 
compressed,  lumbar  vertebrse.  Tbe  pelvis- 
has  a  lengthened  form,  vdth  the  iliac 
bones  often  anchylosed  to  the  sacrum 
and  to  the  pubic  hones  and  the  ischium. 
Tlic  pubic  bones  pass  straight  and  con- 
verging downwards  to  the  symphysis, 
and  approach  sometimes  in  their  open 
detached  form  to  the  pelvis  of  tbe  birds. 
The  cocc)  gcal  vertehne  also  are  some- 
times lengthened  individually  to  a  gi'eat 
extent,  and  cottipose  a  long  tail,  and 
sometimes  the  tail  is  very  short  and 
almost  wanting.  When  these  coccygeal 
vertehi*se  are  extended  in  this  manner  tn  a 
great  length,  as  you  see  in  these  skeletons 
of  the  pieropusandihinolophus,  and  many 
other  genera,  they  are  employed  to  snp- 
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port  a  separate  intrTfcTnoml  nuMiibranc, 
which  paates  from  the  heels  to  the  extre- 
mity of  tbe  tall.  80  that  there  it  in  these 
animals  a  continuous  memljranc  passing 
from  the  one  arm  along  the  whole  length 
of  the  body  to  the  point  ul  tiie  tail,  and 
upwards  from  this  to  the  other  ann. 
Where  thee  vertebnc  arc  not  lengthened 
oiitwai'ds,  we  atlll  tometimes  observe  that 
thte  intetfemorti  memhrane  Is  coiitiinied 
across,  though  not  then  supported  by,  the 
coccygeal  vertebra*.   When  these  long 
cylindrical  coccygeal  vertebra',  with  their 
accompanying  muscles  and  tendonsi  are 
cnntirined   throngh   that   nuMiibmne,  it 
is  obvious  that  they  must  give  it  greater 
strength  and  variety  and  power  of  mo- 
tion, producing  all  the  vigour  and  ex* 
tent  of  motion  for  directing  its  course 
through  the  air,  which  we  conmionly  see 
in  the  tail  in  birds.    The  iliac  bones 
are  strong  in  these  animals,  and  are  an- 
cbylosed  by  a  long  sacro-iliac  aiticniation 
to  a  narrow  lengthened  aacrum,  to  give 
greater  security  to  the  cotyloid  cavity  in 
this  very  feeble  and  very  small  pelvis, 
where  the  long  tapering  pubic  bones  do 
not  unite  at  the  symphysis.  The  cotyloid 
cavities  look  backwanls,  which  ac^^isfs  in 
the  singular  retroversion  of  tbe  feet  of  the 
lisls.  The  pelvis  lt»  like  all  the  posterior 
half  of  the  body,  necessarily  very  small, 
and  there  ai'e  generally  but  one  or  two  at  a 
birth,  which  are  produced  in  a  very  im- 
perfect and  helpless  state,  hlind  and  naked, 
and  arc  rhriisihed  by  the  warm  expanded 
membranous  wings  folded  mond  them 
While  they  are  suckling  at  the  two  mam- 
mr,  place<l  on  the  large  and  well-deve- 
loped thorax.    So  that  the  situation  of 
th^c  two  pectoral  maminic  corresponds 
both  with  the  greater  development  Of  tiiat 
region  of  the  body,  and  with  the  conve- 
nience of  more  easily  manipulating  the 
young  in  thftt  sitnatfon  hy  the  expanded 
arms  and  hands.  More  numerous  offspring 
would  have  impeded  their  motions  throngh 
the  air  hy  their  weiglit,  and  by  pressing 
and  impeding  the  respiratory  organs 
above ;  and  a  ventral  situation  of  the 
mamma:  would  have  required  a  larger 
space  in  that  region  for  their  develop- 
ment, than  that  part  of  the  body  affords. 
When   suckling   the  young,  the  parent 
is  often  suspended  by  the  sharp  curved  1 
claws  of  its  retrovertcd  hind  feet,  and 
the  young  grasp  the  fur  of  the  chest ; 
when  the  parent  requires  to  seek  for  food, 
it  suspends  the  young  by  the  hind  foet  to 
the  same  place  till  its  return. 

The  thoracic  region  and  the  respiratory 
organs  are  iai'geiy  developed  in  the  cheirop- 
tera, which  corresponds  with  the  vigour 
of  their  muscular  l^^^•cIT^cnts.  They  have 
Hometimea  a  passage  coiomunicatiing  on 


I  each  side  of  the  back  part  of  th'^  motJth  or 
the  pharynx,  which  leads  to  air-sacs  that 
extend  between  the  surlhoe  of  the  body 

and  the  muscles  of  the  whole  trunk,  so 
that  these  species  have  the  power  of  in- 
flating the  whole  skin  of  the  trunk ;  they 
therefore  resemble  to  a  certain  extent  tlM 
birds  which  have  numerous  air  cells  ex- 
tending to  the  surface  of  their  trunk. 

We  observe  that  the  tfeemnm  is  large, 
like  the  other  bones  of  the  chest,  and  its 
ui>per  and  nnteiior  expanded  ])art  has  a 
cai  iiiated  lorui  iu  front,  having  the  pro- 
minent  crest  Which  is  so  characteris- 
tic of  the  sternum  of  birds.  The  clavi- 
cles are  remarkable  for  their  great  length 
and  strength  in  all  the  cheiroptera ;  they 
are  curved,  compressed,  strong  bones 
extending  to  a  great  distance  and  allow- 
liig  the  freest  motion  of  the  shoulders  in 
all  directions*  The  hicapula  is  remarkable 
in  the  cheiroptera  for  its  human-like  broad 
expanded  form.  It  haa  the  dorsal  or  ver- 
tebral margin  greater  than  the  otiier, 
presenting  a  wide  and  extensive  surface 
for  the  attachment  of  muscles  above  and 
below  its  spine,  and  on  its  interior. 

The  arms  and  hands  present  most  into* 
resting  peculiarities  in  the  Hkolrtnii  of  these 
animals.  There  is  a  long,  cylindrical,  and 
strong  hnmemSk  Thehnmems  is  moved 
with  great  force  by  the  powerful  pectoral 
muscles  inserted  along  the  front  and  sides 
of  this  extensive  and  capacious  chest.  At 
its  lower  extremity  we  Ihid  only  a  single 
bone  of  the  fore  arm  atfnrhetl,  and  thnt 
has  beenoonsidwed  by  some  as  the  radius, 
h}'  oHieni  as  tiie  nhm.  By  Blnrnenhadi  ft 
is  considered  as  the  ulna,  by  Cuvier  and 
most  others  it  is  termed  the  radius.  In 
order  to  see  which  of  the  two  bones  this 
is  the  representative  of,  without  kioleliig 

to  its  Tini';r!c«'  nnrl  other  soft  pivr*;,  it 
would  be  best  to  observe  the  general  mode 
of  dlsappennmce  of  the  bones  of  the  Ibre 
arm.  We  see  that  in  many  animals  the 
radius  and  the  ulna  become  anchylosed 
together  first  at  their  (ii.stal  extremity,  and 
then  that  the  anchylosis  proceeds  upwards 
until  we  have  only  the  olecranon  left  as  a 
process  of  the  radius,  and  not  of  the  ulna* 
Wh^«  the  olecranon  itself  had  entirely 
disappeared,  we  would  not  therefore  lie 
justitied  in  inferring  that  it  was  the  ulna 
that  was  left  to  us  and  not  the  radius,  but 
would  more  legitimately  infer  from  ana- 
logy that  it  was  the  raditis.  But  the  ole- 
cranon of  the  ulna  has  not  entirely  dis* 
ap]>eared  in  the  bat8»  it  ibrms  occac 
sionally  a  separate  moveable  patella  at  the 
back  part  of  the  elbow,  like  the  patella 
at  the  knce-jouit.  The  olecranon  of  the 
ulna  is,  Indeed,  in  other  animals  only  a 
patella  anchylosed  to  the  end  nf  the  ulna* 
This  gives  a  further  advantage  in  mobility< 
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and  security  to  the  r!how-jniiit.  Tlie  ole« 
cranon  is  here  kept  pei-uianently  detached 
from  the  ulna  by  the  violent  action  of 
the  extensor  mnscles  in  the  act  of  fly- 
ing, but  in  most  other  aiii'iirtl^  where  this 
process  exists  it  becomes  anchylosed  to 
the  tttuB.  There  it  here  bnt  one  bone 
then,  the  radinn,  continued  from  the  hu- 
merus to  the  wrist,  and  the  bones  of  the 
carpus  occupy  but  a  vei7  small  space,  as 
we  Mw  in  the  atiff  hand  of  the  blrda. 

We  have  here  then  the  hand,  as  in  the 
blixit  fixed  with  the  flngen  as  In  e  state  of 

extension.  It  has  aim  ist  nri  lunver  of  jjro- 
nation  and  supinatiou,  and  it  can  scarcely 
bend  a  finger  trat  the  thumb.  But  from 
this  single  hone,  the  radiosi  composing  the 
whole  fore  arm,  it  has  the  same  advantage 
which  the  bird  has  in  Jokling  the  wing  or 
the  arm  to  the  sides  of  the  body,  not  as  in 
the  ordinary  flcxioii  f  f  tlu!  hands  of  (\und- 
rupeds,  but  by  rotating  the  whole  wrist 
and  hand  upon  the  cud  of  the  radius.  It 
i«  *  motion  consisting  of  adduction  and 
abduction.  So  that  the  hand  of  the  bat 
when  it  is  folded  is  not  bent  or  clenched 
nice  the  hand  of  a  hnnian  l>eing  or  ordi- 
nary quadruped,  but  is  folded  down  and 
has  the  little  Auger  placed  along  the  side 
of  the  radius. 

It  is  thus  eiiHrph-  fnldrd  dns'e  with  the 
humerus  and  applied  along  the  side  of  the 
trnlilc.  iThet  is  anadirenlRigefroin  having 
a  ?inG;lc  bone  in  the  fore  arm,  and  the 
metacarpal  bones  presenting  this  groove 
to  rotate  on  that  single  bone,  the  radius. 
The  five  fingers  are  very  tttteqnalljr  de> 
velopcd,  and  vary  in  different  sperie«(. 
Four  fingers  only  are  employed  to  support 
the  menibratte  or  lold  of  the  integuments 
liy  which  the  animal  is  to  wing  its  way 
through  the  air.  The  thumb  is  kej)t  free 
fi"om  the  membrane,  and,  as  you  observe, 
consists  of  two  phalanges,  and  serves,  by 
its  extension  forwards,  when  tlie  arm  is 
bent  and  folded  close  tx>  the  chest,  as  a 
free  hand  of  itself,  dragging  the  enlmel 
forwards  by  its  long  hooked  claw,  or 
serving  to  support  the  animal  suspended 
upon  the  branches  of  trees,  as  lu  the 
interior  of  the  trunks  of  old  trees,  or  in 
old  deserted  rnins,  where  frf  ijik ntly  tin  y 
are  found  susiieuded  in  great  nuu)l>ers 
by  those  two  long,  firee,Bnd  hooked  thumbs. 
The  succeeding  four  fingers  arc  those 
which  alone  are  employed  for  the  snp(iort 
of  the  membranous  wings,  and  they  are 
wiequaliy  developed  in  length,  and  in  the 
number  of  their  phal  iiifZTH,  in  dit^rrcnt 
bats.  We  observe  sometimes  that  there 
it  but  one  daw,  end  that  pboed  at  the 
end  of  the  fore  finger;  sometimes  a  second 
dftw»  and  the  ether  two  remaining  flagcra 


without  claws,  as  in  the  vampire, 
times  the  claw  bone  and  the  claw  arc 
wanting  on  the  middle  finger,  and  left  only 
upon  the  fore  finger,  and  on  the  free  op« 
posabic  thumb.  Thus  the  great  (leveloj)- 
meutof  the  arm  of  the  cheiroptera  is  that 
of  the  ordinary  internal  parts,  the  bones, 
the  tendons,  and  the  organized  and  soft 
sensible  skin.  But  in  birds  these  orf^an- 
izcd  part8  form  but  a  very  small  poi  tiun 
of  the  wing,  which  in  them  is  composed 
chiefly  of  the  light  and  cla'=tir  rn'^nTicous 
appendices,  the  feathers,  which  form  the 
lightest  and  best  kind  of  organ  for  a  con- 
tinued aeriallife.  In  the  bats  the  internal 
parts  compose  the  wing,  and  iu  the  birds 
the  external  parts. 

Tlic  legs  partake  of  the  im]»orrrct  deve- 
lopment of  the  whole  posterior  halt  of  the 
body,  and  are  singularly  twisted  outwards, 
from  their  comment  enKnt  in  the  oblique 
cotyloid  cavities  of  the  open  pelvis.  The 
femur  is  of  cylindrical  form,  slender,  \v  ah 
a  very  large  articular  liead  and  a  largo 
(rochanfer  minor,  directed  furwiiids,  tlie 
trochanter  major  being  directed  backwards. 
The  tibia  is  long  and  slender,  and  the 
fibula  is  here  most  developed  where  most 
required,  at  the  ankle  joint ;  it  is  lost  almost 
before  it  reaches  the  upper  end  of  the  tibia. 
From  the  direction  of  the  cotyloid  cavities, 
and  of  the  whole  legs,  the  tibia  is  hero 
placed  exterualiy,and  the  fibula  internally. 
The  caktanenni,  which  for  greater  freedom 
of  motion  i«  here  necc?>;u  ily  very  short, 
is  also  directed  inwards,  and  is  bent  a 
little  downwards,  to  give  greater  extent  of 
motion  to  the  ankle  joint.  Where  there 
is  nn  interfemoral  nieniljrane,  ^  p  ol)!9crve 
extending  inwards  from  the  tuberosity  of 
thecalcanenm  ft  very  slender  elastic  bone, 
or  ossified  tendon,  which  supports  the  free 
margin  of  that  delicate  and  sensible  mem- 
brane, and  may  be  looked  upon  as  a  pro- 
longatlonfrom  the  tendo  ocAillee,  or  of  the 
cakiinenm  itself.  The  toes  are  all  paral- 
lel and  slender,  with  large  ungual  phalan- 
ges, Mid  long  curved  sharp  cUws ;  and 
from  the  eoIc  of  this  flexildc  foot  being 
directed  forwards,  it  serves  as  a  baud  for 
prehension.  In  hanging  thus  suspended 
by  the  long  curved  claws  of  their  hind 
feet,  with  tht  ir  head  downwards,  and  their 
trunk  and  arni<(  free,  they  are  ready  at  a 
moment's  warning  to  loosen  their  grasp, 
to  launch  hito  the  air  with  outspread 
wingv,  to  flit  like  shadows  softly  through 
the  darkness  of  the  night,  and  to  pursue 
their  affrighted  victims,  like  spectres  Utd 
vampires*  tiU  they  full  their  prey. 
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CLINICAL  LECTURE, 

OS 

WOUNDS  OF  TH£  HEART, 

DeUvereS  at  the  Jervis- Street  ffo^Ual, 
DubUu, 

By  WILLIAM  WALLACE,  M.D., 
M.R.I.A.J  &c  &&» 

One  of  (lie  Si)rgeonstothc  Hospital ;  and  Surgeon  to 

till'  Dublin  Iiifinuary  for  the  Troatint  nt  of  Diseases 
uf  the  Skin,  including  Venereal  DiMiaacs. 

Gbntlbmbx, — I  hold  in  my  hand  re- 
ports nf  two  cti*?cs  of  wounds  of  the  heart, 
and  one  of  wound  uf  the  puimonic  artery 
and  aorta  within  tbo  peiicardfum.  As 
biifiinar  cases  arc  comparatively  rare,  I 
cannot  allow  these  to  pass  by  without  an 
endeavour  to  make  them  contribute  to 
your  instruction.  I  shall,  therefore,  in 
this  morning's  lecture,  take  a  review  of 
the  more  prominent  ieatmes  of  these 
cases,  and  make  upon  them  Buch  observa- 
tioiM  as  they  may  suggest. 

Case  1. —  Wovnrl  of  tJiP  PuJinmiir  Ar- 
tery and  Aortat  within  the  Pericardium, 
with  Wound  and  Hernia  qf  the  Left  Luny. 
— Immediate  Death.  —  John  Higgins,  a 
sailor,  aged  28,  was  stablicd  on  the  eveu- 
iug  of  the  2Gth  of  October,  ia  the  upper 
part  of  the  left  side  of  chest,  by  a  8p€»r- 
pointed  douLlc-edged  instiuincnt,  eight 
inches  long,  and  three  quarters  of  an  inch 
broad.  This  instrument  was  driven  into 
him  in  a  direction  downwards  and  inwards, 
l)y  aman  named  Eastwood,  who  stood  with 
a  raised  arm  in  front  of  him.  Immediately 
on  receiving  the  womid,  Hi^ins  attempted 
w  ith  both  his  haiula  to  toar  open  his  shirt 
neck,  exclaiming  at  the  same  instant, 
**  Oh  he  has  stuck  it  into  me ;  he  has  done 
for  nie,"  and  as  soon  as  tliese  words 
escaped  his  lii)S,  he  fell  forwards  against  a 
table  in  such  a  way  as  to  cause  a  wound 
and  abrasion  of  his  forehead,  and  instant- 
ly expired,  without  utterhii^  another  syl- 
lable. He  was,  iiumediatcly  after,  carried 
to  this  hospital. 

Some  hours  after  death  I  examined  the 
hoily,  which  was  then  rig-id.  A  wound 
about  an  inch  long  was  observed  two 
inches  below  the  left  clavicle,  and  at  the 
same  distance  from  the  sternum.  Its 
edges  were  quite  free  fiom  discoloration 
or  inflannnatory  redues-s,  and  were  scarce- 
ly at  all  retracted.  Sonie  adipose  tissue, 
which  lay  between  the  lips  of  the  wound, 
had  precisely  the  appearance  this  sub- 
stance exhibits  in  the  dead  body.  The 
integuments  suiTounding  the  part  where 
the  instrument  Iiad  entered  being  laised. 


it  was  obser^'ed  that  an  ccchjTuosis  exist- 
ed between  them  and  the  pectoral  muscle  ; 
that  this  muscle  had  b^n  perforated 
obliiiuely  from  above,  downwards  and  in« 
wards;  that  the  instrument ha'l  aftei'wards 
traversed  the  intercostal  spaces— dividing 
the  intercostal  artery,  with  the  correspond- 
ing muscular  ftbrea;  and  that  these  had 
retracted,  leaving  a  space  \nu>  which  a 
small  portion  of  the  left  luug  had  entered. 
The  sternum  was  next  raised,  and  the 
small  bit  of  lung  which  lay  between  the 
wounded  intercostal  muscles,  nrmly  im- 
pacted in  this  situation,  being  drawn  in- 
wards, it  was  fimnd  that  the  middle  of  the 
edge  of  the  upper  lobe  of  the  lung  was 
ecchymoscd,  and  incised  to  the  extent  of 
half  an  inch;  that  the  portion  of  lung 
forming  the  hernia  was  j)articularly  llaccid, 
us  if  it  bad  been  strictured  or  compressed  ; 
that  the  celltdar  tissue  connecting  the 
pleura  with  thel^  side  of  the  periccudium 
was  ecchymosed  and  slightly  emphysema- 
tous j  that  the  left  cavity  of  the  pleura 
contained  fuUy  one  quart  of  blood,  very 
imperfectly  coagulated;  and,  I  i^tly,  a 
wound,  three-fourths  of  an  inch  long,  was 
observed  in  the  upper  and  left  lateral  part 
of  the  pericardium  and  oon^sponding  part 
of  the  pleura.  The  ]>ertcardium  being 
now  opened  by  an  incision  along  its  ante- 
rior  surface,  and  emptied  of  a  large  quan- 
tity of  dark-colonrc  il  blood,  partly  coagu- 
lated, it  was  discovered  that  the  pulmonic 
artery  and  aorta  were  wounded  in  such  a 
manner,  as  to  render  it  evident  that  the 
i  n  s  t  ru  m  en  t  wh  i  eh  i  n  fl  i  cted  the  woun  rl ,  h  a  \-  - 
ing  entered  the  peiicardium,  had  pene> 
trated  the  pulmonic  artery,  then  traveiaed 
its  area  for  three-fourths  of  an  inch,  and, 
escaping  from  its  cavity,  had  entered  the 
contiguous  part  of  the  aorta.  In  other 
words,  the  wound  made  by  the  entrance 
of  the  instrument  into  the  pulmonic  artery 
was  seated  at  the  upper  and  left  side  of 
this  vessel,  and  was  distant  about  tiiree- 
fourths  of  an  inch  from  that  made  by  its 
escape  at  the  lower  and  right  side  of  the 
same  vessel.  While  the  latter  opening 
corresponded  exactly  witli,  or  was  opposed 
to,  the  w  ound  on  the  leift  and  posterior 
side  of  the  aorta. 

Case  2.-  Wound  of  the  RhjJif  Ventricle 
qf  the  Hearty  with  Wound  qf  the  cavity  qf 
the  Abdomen  and  of  the  Diaphragm. — lu" 
stant  Dm/A.^  James  fiowless,  aged  thirty- 
eight  years,  on  the  night  of  the  5th  of 
Fe!)ruary,  while  going  up  the  stairs  ol*  a 
house  in  Mary's  Abbey,  of  which  he  was 
attempting  to  take  forcible  i)Ossession, 
was  stabbed  with  a  long  yiiarp  knife,  in 
the  middle  of  the  anterior  and  left  |>art  of 
his  trunk,  by  a  person  coming  up  the 
staira  behind  him.  He  inatantly  Mi  and 
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LECTURE  XXniL 

ON  THB  OSTEOLOGY  OF  QVABRUMANA 

AND  BIMANA. 

All  transitions  in  organic  forms  are 
effected  by  imperceptible  gradations,  and 
according  to  determinate  and  uniform 
Jaws,  'rhis  is  not  more  obvious  in  the 
■eparate  systenis  of  internal  organization 
tliaa  in  the  outward  ahape  of  the  entire 
aggregates.  So  that  there  can  be  no  or- 
gans developed  in  the  somi- erect  climbing 
quadrumanum  anim^,  or  in  the  erect  bi- 
mmm,  which  have  not  passed  through  their 
phn«c<?  of  development  in  the  inferior  tribes. 
Without  gala^  and  Loris  and  lemurs^  the 
orgeaiation  of  the  higher  quadrumana 
would  be  as  anomalous  as  that  of  man 
"would  appear,  without  gibbons  andorangs, 
and  chinipanzics  and  uegros.  The  bats 
and  the  galeopitheci  lead  us  to  the  lanvrs 
and  the  monkey  tribes,  for  the  cheirop- 
tera present  numerous  affinities  to  the 
quadnunana,  both  in  their  solid  and  their 
soft  parts,  as  in  the  possession  and  the 
prosimity  and  the  forms  of  the  three  kinds 
ol  teeth,  the  complete  and  constant  de- 
velopment of  tiie  davicles,  the  form  of  the 
scapula,  the  great  development  of  the 
hand,  and  the  freedom  of  the  thumb,  the 
prehensile  character  of  the  foot,  the  form 
cf  the  stomach,  the  alimentarj  camd,  and 
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tlic  ca^cum-coli,  tbe  sci'otal  testes,  the 
pendent  penis,  and  the  pectoral  mamww. 

The  ipindrumana  have  received  thisname 
from  the  opposable  nature  of  the  great 
toe  on  the  hind  ^t,  as  well  as  that 
thumb  on  the  anterior  extremities,  and 
they  are  sometimes  designated  by  the 
Greek  appellation  MracheirOf  to  corre- 
spond with  the  name  of  the  last  order 
cheiropteraf  the  most  obvious  and  constant 
character  of  tlie  present  order  being  the 
possession  of  four  hands.  They  come 
nearest  to  man  in  the  form  and  pnpor* 
tions  of  their  skeleton,  and  of  their  sepa- 
rate bones— in  the  general  disposition  of 
their  moscnlar  system,  and  ita  adaptation 
for  a  semi-erect  position  of  the  body — in 
their  great  cerebral  development,  the  per- 
fection and  the  equable  development  of 
their  organs  of  the  senses,  their  intel- 
lecttial  ca^mcity  and  complicated  instincts 
—in  the  character  of  their  digestive,  their 
circulating,  their  resphatory,  and  their 
glandular  apparatus,  and  in  all  that  re- 
lates to  the  production  and  rearing  of 
their  young.  These  most  elevated  of  all 
the  inferior  animals  are  organised  to  se- 
lect, to  obtain,  and  to  digest,  the  succulent 
ripe  fruits  of  trees,  and  to  inhabit  the  rich 
and  shady  forests  of  tropicsl  climates. 
They  leave  to  the  sciuirrels  and  the  sloths 
the  buds  and  the  leaves,  to  the  ^>onderous 
elephants  and  rhinoceroses  llio  branches 
and  the  stems,  and  to  the  beavers  and 
other  rodentia  the  dr}'  bark  of  the  trees. 
Their  delicate  organization  is  adapted  oidy 
for  the  richest  products  of  the  vegetaUe 
kingdom,  and  from  the  soft  and  nutritious 
quality  of  their  food,  the  broad  enamelled 
crowns  of  their  molar  teeth  are  studded 
with  rounded  tubercles,  their  stomach  is 
simple,  their  intestine  moderate,  and  their 
caeum'CoH  comparatively  small.  With  a 
high  cerebral  and  muscular  development, 
corresponding  with  their  elevated  rank  in 
the  scale,  and  the  elevated  position  of  their 
focd  on  the  trees,  they  are  the  most  agile 
and  8i>ortivc  of  all  the  mammalia,  and  to 
suit  their  climbing  habits  they  are  pro- 
vided with  prehensile  organs  at  every 
point;  their  teeth,  their  tail,  their  fee^ 
thehr  hands^  asibk  hi  their  gambling  iliove« 
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neirtft  and  i]iih6ir1)«aiidiiigt  from  branch 

to  branch,  and  from  tree  to  tree,  or  in 
their  struggles  with  their  numerous  as- 
sailants lurking  among  the  branches. 
From  this  indined  porildon  of  the  trunk 
in  dimbinp^,  we  observe  all  parts  of  their 
skeleton  and  of  their  iuteinal  organs 
adapted  for  the  semi-erect  posture  of  the 
body;  and  from  the  weight  of  their  trunk 
being  thus  relieved  from  that  of  the  extre- 
mities, by  their  numerous  prehensile  or- 
gan8,andtheinclincdors  usfiended  position 
of  their  l)od}',  the  whole  bones  of  the  ske- 
leton partake  of  those  slender,  lengthened, 
and  light  propoiiiens,  whic>li  are  best  suit- 
ed for  their  nimble  movements.  You  see 
Jiothini^  of  those  massive  pillars  which 
8upiK>rt  the  heavy  horizontal  trunks  of 
the  larger  quadmpeds,  in  the  Mgfat  and 
elastic  limbs  of  t>  o  quadrumana. 

Though  the  richest  fruits  are  the  natu- 
siA  Md  fcfoarKe  IM  of  this  oider»  the 
grMler  number  of  the  inferior  quadru- 
mana partake  willingly  of  the  mixed  kind 
of  food  of  insectivorous  animals,  feeding 
M  iMool^  wbieii  flMUHV  of  them  seiie  when 
Vp&lk  Ike  wing,  on  the  eggs  of  birds,  or 


on  fishes  whi<^  Uiey  take  from  the 
trater,  as  well  aa  en  seeds,  and  gri^ins, 
and  fruits.  This  kind  of  life,  and  habi- 
tual position  of  the  trunk,  require  them 
to  have  the  head  more  balanced  and  sup- 
ported vpon' the  two  condyloid  processes 
of  the  occipital  hone  than  in  those  hori- 
isontal  fonns  of  fjuadrupeds  where  the 
head  is  8us])ettded  yetmBf  ai  fho  end  of 
the  vertebral  cohnui»  by  a  strong  and 
elastic  Kynmentum  nuekte,  passing  back- 
wards to  the  dorsal  vOTtebree.  We  there- 
tee  find  tbat  In  tiMse  quadrumanons  ani- 
mals the  occipital  foramen,  by  the  en- 
largement of  the  superior  laminae  of  the 
cranial  vertebrae,  has  advanced  under  the 
base  of  the  cranium  to  a  considerable  ex- 
tent forwards  towards  the  centi-e,  so  that 
they  require  much  less  of  that  ligamen- 
tous aMacbmeat  and  saspension  of  tbe 
InMtd,  which  is  so  common  and  powerful 
in  tbe  larger  quadrupc<is,  and  is  calculated 
to  impede  its  motions,  while  it  gives  se- 
curity for  the  support  of  its  great  weight 
^nte  animals  that  we  are  speaking  of 
are  capable  of  the  most  active  and  lively 
movements,  vAxMk  Is  aa  eadowmeBt  ne- 
ceHnoyibr  the  simple  act  of  climbing  aloft 
on  trees  for  their  food  ;  but  when  we  ob- 
serve the  innumerable  enemies  which  they 
have  to  eucomter  upon  tbe  trees,  the 
cxmning  and  stratagem  which  they  must 
often  have  recourse  to  for  self-defence, 
and  for  obtaining  their  food  when  it  con- 
sists of  Uving  insects,  we  see  that  they 
require  to  have  a  disposition  of  all  their 
bones  and  muscles  calculated  to  give  ve- 

Mt^  aiid  «El«Bt  tD  the  moveiiimiSi  of  the 


.joints,  rathor  than  security  and  strength. 

We  are  advancing  to  that  form  and  atti- 
tude of  the  whole  frame  which  charac- 
terizes our  species, — the  entirely  erect 
position  of  the  trunk,  and  to  that  form  and 
stnicture  of  all  the  internal  organs  which 
are  the  most  elevated  in  development,  or 
the  most  perfect  to  which  ori^ntzatlonhas 
yet  reached  upon  the  surface  of  this  planet; 
and  the  intciTnediate  gradations  to  the 
human  form  are,  therefore,  here  in  the 
highest  degree  interesting,  as  they  affect 
each  particular  part,  both  of  the  solid 
frame-work  and  of  the  softer  internal 
organs.  In  ascending  from  the  insecti- 
vorous quadrupeds  and  bats,  through  tbe 
lemurs  and  baboons  to  the  gibbons  and 
the  orangs,  we  arrive  gradually  at  that 
erect  position,  those  graceful  proportions, 
and  that  commanding  attitude  of  the  whole 
frame,  which  appear  so  peculiar  to  our 
species,  from  our  being  less  ftuuiliar  with 
the  connecting  links, — the  highest  of  tho 

,  quadrumana,  and  the  lowest  of  the  bimana, 

j  concealed  iu  the  inacoessible  wilds  of  tro- 

I  pical  forests. 

In  that  soft-furred,  warm-dad,  noc- 
tumal  species,  the  fox-muzzled  lemurs  of 

'  Madagascar,  as  in  this  of  the  mococo  or 
lemur  catta  {Ftg.  114),  we  still  find  the 
lenitheiiad  Sana  ef  the  skuU  and  £Mse»  the 

Fig.  114 


numerous  noolar  teeth,  and  the  adaptation, 
in  the  whole  skeleton,  for  the  hoii^nrtal 
posture  of  ^e  trunk,  which  is  oomnK)n  to 
most  of  the  fnlbrlor  orders  of  mammalia. 
The  occipital  foramen  is  still  rituated  at 
the  posterior  margin  of  the  cranium,  and 
directed  obliquely  downwards  and  for- 
wards. The  mastoid  osBs  are  as  hwge  as 
those  of  a  carnivorous  qnadnip^'d,  and  al- 
though the  orbit  is  surrounded  by  an 
osseous  margin,  ll  1i  eontinuous  behind 
with  lihe  teooponl  isasa.  The  homMi  &»• 
tures  arc  here  permanent,  and  oorro- 
spond  with  tbe  great  development  of  tbe 
cranM  ca^^,  and  of  the  hemtspheres  of 
the  brain.  The  sagittal  suture  continues 
onwards  through  the  frontal  bone,  and  the 
anterior  frontals  are  as  distinct  as  in  the 
crocodilM,  between  tbe  frontal,  nasal, 
maxillary,  and  lachrj'mal  bones.  The 
temporal  muscles  are  feeble,  the  skull  is 

ardiedlrtctaHyi  the  temynil  ism  mm9$ 


Digitized  by  Google 


OflfBOLOOT  OF  QUADRUMANA. 


the  zygomatic  arch  feeble  and  ahnost 
Lorizuutal,  aud  tiic  glcuoid  surface  U  Hat, 
for  tlu  tramvene  flat  condyle  of  the 
}D\\  cr  jaw*.  The  lachrymal  boues  extend 
inucli  from  the  orbits  over  the  face,  and 
are  perforated  on  their  fecial  nortion.  The 
iiasal  bones,  unlike  those  of  the  higher 
quadriimana,  are  long,  straight  longitu- 


cnni]>ait;d  -with  the  long  -  muzzled  le- 
murti  and  inferior  anioiau  we  have  been 
hitherto  considering.    Those  organs  of 

the  senses,  lodged  in  the  face,  which  we 
perceived  comparatively  so  large  in  the 
inferior  animals,  arc  obviously  beginning 
here  to  occupy  a  much  smaller  propor* 

tioiial  Hpfu'c,  find  the  face  which  contains 


diuaii)  ^  sepai'atc,  biuad,  expanded  above,  j  tho«e  organs  in  thus  becoming  proport^n- 
and  arched  laterally  throughout  their'allytmaUaa  we  ascend  fntiie  scab,  com* 

course.   The  upper  and  lower  maxillary  pared  with  the  cavity  of  the  cranium  for 

bones  have  a  lengthened  form  to  adbrcltthc  great  cerebral  centres,  the  seat  id  all 

space  for  numerous  teeth,  and  the  condyle  the  intellectual  operations. 

of  the  lower  jaw  is  nearly  as  low  as  the  j  ^      a&s  to  beat  wltk 

alveoli  of  the  teeth,  from  the  shortness  of  L  ^^^'i.^^^ t  ^  ^V. 

the  ramus.   The  mg^  of  the  lower  jaw  ^"^'^^f^  impressions  upon  its  doll  hMio, 

passes  acutely  bacl^j^  and XJ^o- '  '"■^>''"^         ^^^'^ » 

noid  process  mounts  upwards  to  a  great 


distance  tiiro ugh  the  zygomatic  arch.  T)ie 
inferior  incisor  teeth,  four  in  number,  aw. 
In  the  simiae  and  man,  project  straight 
from  the  jaw  like  the  inferior  incisors  of  a 
JceAguroo,  as  they  do  also  in  the  ttenojji 
and  galajfo  and  Uehmtoim*  The  propor- 
tions of  the  face  and  of  the  whole  head 
become  shortened,  as  we  ascend  from  the 
inakis,  and  loris,  aud  tai  jsiuii,  and  jgalago, 
and  lichanotus,  to  the  ouisUtis  and  the 
other  fciiiiia;  of  the  old  and  new  continent. 

Looldog  at  the  sutures  of  the  skull  in 
the  simitt,  we  find  that  they  have  the  same 
general  disposition  as  in  the  human  skull. 
The  frontal  bone  has  its  two  ])ortions  early 
united  in  these  quadrumauuus  aiumalii, 
and  the  slightly  arched  frontal  bona  is  se-  approximate*  assume  a  paiaflal  diractioB 
parated  from  the  expanded  and  smooth  forwards,  scparatcr!  only  by  a  narrow  eth- 
parietais,  by  a  high  coronal  suture.  The  j  moid,  aud  the^  becouie  separated  by  an 
parietals,  which  we  hate  so  commonly  seen  j  caseous  partition,  formed  by  the  Irontal 
united  and  anehylosed  in  the  carnivorous :  and  malar  bones,  from  the  temporallDasit. 
quadrupeds,  in  the  cheiroptera,  and  in 'The  temporalfossa  becomes  reduced  inside, 
many  of  the  inferior  grades  and  classes  of  the  zygomatic  arch  short  and  stri^ght^  the 
vertebrata,  am  here  permanently  detached,  condyloid  articulation  flat  and  mo,  tlio 
as  in  man.  The  lambdoidal,  the  sagittal,  lachrymal  bone  con  fined  to  the  orbit,  and 
the  squamous,  and  the  coronal  sutures  ad- '  the  nasal  boues  i^at,  narrow,  short,  and 
vance  forwards  on  the  cranium,  more  and  |  often  anehylosed  together.  The  intermax- 


large  eyes  to  the  almost  hrainleias  fish,  to 
steer  its  course  in  the  iark  abyss ;  give 
large  nostrils  to  a  dog  to  hunt  its  prey  $  but 

here,  in  the  sagacious  monke)^  we  faavf 
L'ut  ;i  \va.tchfui  sentinel  within  the  «ra- 
iiiiini,  whidi  requires  bat  a  hint  to  girt 
It  a  lively  perception.  A  hint  is  enough 
to  the  wise.  It  is  the  proportioaal  develop 
raent  of  the  great  oentne  of  nenroos 
energy,  which  imjuresses  an  elevated  Imu 
man-like  form  on  their  head,  and  alio 
causes  the  j)ar  ;i.lk'lisiii  of  their  orbitB. 

As  the  muzzle  thus  shortens,  the  fadfjl 
angle  enlarges,  by  the>levation  and  pro^ 

jection  of  the  frontal  bone,  and  by  this 

sliortening  of  the  jaws  less  space  is  aflFord- 
ed  for  numerous  molai'  teeth.   The  orbits 


more,  as  the  cerebral  centres  develop 
within,  and  enlarge  the  cranial  cavity.  The 
number  and  the  permanence  of  the  sutures 
In  tlui  qoadrwnana  and  in  man  appear  to 

be  intimately  cotuiectcd  with,  or  depend 


illary  bones  continue  as  permanently  se- 
parate bonep,  up  to  tlie  ornngs,  and  the  in»« 
cisors  above  aud  below  are  the  same  in 
number  as  in  man,  but  those  teeth  vm 

inclined  outwards.   The  canine  teeth,  as 


ent  oti,  the  hiL,'h  degree  of  development  of ;  ingtrnments  of  defence  and  of  prehension. 


the  great  uei  v  uua  centres.  A  rapid  process 
of  ossificatioa  in  the  cranium  is  necessary 
to  keep  these  nutnrrous  bones  inconjunc- 
tiim  at  their  margins  dur  ing  the  rapid  deve- 
lopBent  and  growth  of  the  enclosed  brain; 


continue  largely  developed,  and  the  sharp 
tubercles  of  the  molar  teeth  of  the  insao* 

tivorous  and  nocturnal  makis,  become 
mor&  flat  and  rounded  in  the  higher  qua- 
druroana,  corresponding  with  tibe  softer 


and  this  rapid  extension  and  expansion  of,  ({uality  of  their  succulent  and  jmcf  food, 
the  contained  parts  prevent  the  bones  The  simis  of  the  old  continent  have  the 
from  anchylosing.  They  requiie  more  i  same  number  of  teeth,  or  the  same  dented 
numerous  points  for  receiving  increase,  i  formula,  as  man ;  but  those  of  jUnerifl» 
\vhir!i  iminf^  are  given  to  tliem  by  having 'have  an  additional  rnnlar  tooth  on  each 
these  numerous  sutures  traversing  all  1  side  of  each  jaw,  e.vcepting  the  two  small 
parts  of  the  head.  We  perceive  that  the !  ouistitis,  the  iacdtust  and  the  wndu,  which 
noe  hi  the  simia  is  greatl]|r  diminished,  in  have  the  IMM  mimte  as  hi  tkli  hlHWUI 
ili  proportion  to  (be  cnaial  oavity»  when  jtfrit 
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In  tlie  yawatai  muscular  dog-faced 
IwrfHMWMii  t06  eynoeephali  {Fig*  115}  of 

115 


Africa  and  Asia,  the  muzzle  is  length- 
ened as  in  the  lemurs,  the  facial  ani*le  is 
nearly  as  low  as  thirty  degrees,  the  tusks 
are  large  as  in  a  wolf,  the  skeleton  is  adapt- 
ed ftrllie  horizontal  pottare»  and  the  ani* 
mals  arc  strong  and  fierce;  yet  even  these 
present  in  the  minuter  details  of  their  skc- 
lelaQ  «  very  close  approidmation  to  the 
higher  quadrumana.  The  four  incisors 
above  and  below  are  large,  and  nearly  per- 
pendicular; the  dental  formula  is  the  same 
M  the  human,  the  molar  teeth  have  hroad 
croNvns,  with  a  double  row  of  compara- 
tively rounded  tubercles,  their  nasal  bones 
are  narrow,  depressed,  and  anchylosed  to- 
gether,  their  orbits  are  parallel,  ai)i)roxi- 
mated,  and  completely  separated  by  an 
Osseous  septum  from  the  temporal  fossa:, 
the  lachrymal  bone  and  groove  are  con- 
fined to  the  orbit,  the  lower  jaw  is  deep, 
its  ramus  ascending  almost  perpendicu- 
Burly»  and  Ihe  ooronoid  process  is  short 
And  feeble.  Their  cranium  is  large,  and 
expanded  laterally,  the  frontals  are  early 
anchylosed,  the  pariutals  are  arched  and 
imooth,  the  temporal  fossae  are  small,  and 
the  zygomatic  arch  is  feeble  and  do])rcssc>(l. 

Their  transverse  occipital  ridge  is  strong- 
ly mariced,  and  their  occipital  foramen  is 
placed  far  forwards  under  the  base  of 
■die  skull.  The  frontal  extends  back- 
Virards,  in  an  angular  form,  to  the  sa- 
•  ^ttal  suture,  the  parietals  are  small  and 
thrown  back,  so  that  the  great  ala  of  the 
gphenoid  does  not  reach  them,  as  it  does 
even  in  the  lemurs,  and  if  hounded  above 
the  frontal  and  the  temporal  bones, 
e  occipital  is  small,  flat,  and  almost 
confined  to  a  basilar  aspect.  This  large 
hmd  is  chiefly  composed  of  the  bones  of 
the  face,  from  the  sphenoid  to  the  inter- 
maxillaries,  and  especially  of  the  jaws,  for 
the  reception  of  very  large  teetii.  The 
infra-orbitary  foramen,  you  observe,  is 
here  subdivided  into  numerous  apertures, 
as  we  frequently  hnd  it  in  higher  quadru- 
mana, and,  as  m  most  other  genera,  there 
Isno  distinct  supra-orbitary  foramen. 

The  intermaxillary  bones,  of  which  you 
see  no  trace  fai  these  adult  human  skulls, 
have  thus  traced  as  constant  and  se- 
parate dements  of  the  cranial  vertebne, 


from  the  osseous  fishes  to  the  higher  qua- 
drumanoas  mammalia,  and  comparing  the 
human  adult  slnill  with  tliat  m  the  infe- 
rior vertebrata»  we  might  suppose  that  it 
w  as  formed  in  this  part  upon  a  different 
plan.  But  all  comparisons  In  organic 
forms  and  stmctures,  made  with  a  view  to 
trace  resemblances,  are  to  be  instituted 
only  between  objects  naturally  allied.  The 
links  that  connect  tlie  facial  bones  of  the 
human  skull  with  those  of  the  gibbons, 
the  baboons,  and  the  lower  quadrumana, 
are  to  be  looked  for  in  the  orangs  of  India 
and  Africa,  and  in  the  lowest  of  the  ne- 
gro race,  where  the  facial  angle  and  the 
forms  of  the  several  bones  of  th§  face  and 
cranium  approach,  and  the  general  pro- 
portions of  the  whole  body.  The  animal 
called  the  chimpanze  [troglodytes  niffer), 
the  black  orang,  inhabiting,  in  troops,  the 
woody  plains  of  Congo  and  Angote,— an 
I  animal  erect,  with  broad  shoulders,  a  wide 
pelvis,  short  arms,  a  prominent  nose  and 
heel,  and  human-Hke  proportioas  in  every 
part,— walking  with  a  staff,  defending  it- 
self by  blows  with  stones  and  staves,-- 
forming  for  itself  a  little  hut,  which  is 
safe  in  the  recesses  of  the  fbrests,—  seizing 
the  negresses  and  carrying  them  to  the 
woods,  treating  them,  it  is  said,  with 
kindness,  and  capable,  as  we  know,  of  a 
high  degree  of  physical  education.  It  is 
an  animal  which  cannot  speak,  but  ex- 
presses its  meaning  by  gestures  and 
grimaces^capahle  of  being  taught  to  use 
instruments  and  utensils  of  different  kinds, 
to  spread  and  make  its  bed  to  repose 
itself  upon  it,— covering  its  body,it  issaId, 
with  leaves,  and  forming  acquaintance 
or  attachments,  not  with  inferior  grades 
of  animals,  but  associatmg,  by  preference, 
with  our  species,  as  appears  fitom  the 
accounts  of  the  habits  of  those  animals 
which  have  been  brought  on  board  ves- 
sels. In  that  animal,  and  in  the  long- 
armed  lai^  Indian  oiang,  we  find  that 
the  two  intermaxillary  bones  which  you 
observe  permanently  detached  in  the  in- 
fSBrior  kinds  of  quadrumana,  holding  the 
incisors  of  the  upper  jaw,  are  also  anchy- 
losed with  the  upper  jaw-bone  before  their 
adult  state.  That  is  precisely  what  takes 
place  with  the  intermaxillaries  in  man. 
We  know  that  man  has  the  intermaxillary 
bones  at  an  early  period  i  and  1  have  oc- 
casionally seen  those  hones,  with  their 
sutures,  retained  in  the  human  skull  to  a 
pretty  advanced  period,  detached  from  the 
superior  maxillarics. 

The  nasal  hones  become  more  promi- 
nent above  the  general  level  of  the  face, 
as  wc  ascend  from  the  eynoeephali  to  this 
trof/lodytes;  thejaw-bonesbeoome  shortof* 
the  raums  and  the  incisors  more  perpen- 
dicular. There  is  a  fifth  taberclc  in  tbe 
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crovvu  of  the  pOi»terior  molar  tooth  of  the 
lower  jaw  in  the  mooaeiv*  and  fhe«mno- 
pitfietu.s;  which  a^jpears  as  a  remnant  of 
the  sixth  molar  tooth  found  in  that  situa- 
tion in  the  simite  of  America.  It  marks 
an  inferiority  of  type,  no  simiae  of  Ame- 
rica approaching  near  to  the  orang«*,  or 
cvf  u  to  the  gibbous  of  the  old  coatiucut. 

The  kind  of  motion  of  the  jaws  in 
bruising  and  niaHticating  the  st:rculL'ni 
bmU  on  which  those  higher  quadruma- 
noiis  animals  chiefly  subsist,  requires  that 
thei  e  :i]ionld  be  a  cousidereble  extent  of 
moti  j\  laterally,  as  well  as  upwards  and 
downwards.  On  that  account  we  observe 
that  the  condyle  of  the  lower  jaw  is  flat. 
The  coronoid  process  ascends  but  a  short 
way  through  the  zygomatic  arch, — the  m'o« 
cess  whidi  we  saw  so  prominent  and  long 
in  ruminating  quadrupeds,  which  move 
their  jaw  also  from  side  to  side.  The 
glenoid  cavity  of  the  temporal  bone  for 
the  reception  of  that  condyle  has,  as  you 
perceive,  a  flat  >ni  f  ir  c,  so  that  it  has  the 
freest  motion  with  the  inter-articular  car- 
tilage, to  movelatei*ally.  This  is  the  nioi*c 
necessary,  on  account  of  the  use  whicli  \ 
those  quadniniriTinus  animals  make  of  the  ■ 
large  sac  or  pouch  seen  on  the  side»  of  the ' 
cheek.  They  use  that  pouch  for  contain- ' 
ing  quantities  of  food  which  they  ccjllect, 
and  which  they  do  not  require  or  desire 
immediately  to  digciit,  or  are  not  able  to 
contain  at  the  time  in  the  stomach, 
serving  then  the  office  of  a  paunch  to  con- 
tain the  food,  until  they  are  ready  to  mas- 
tic^ it,  and  also  partially  to  softien  i^aad 
to  take  it  when  hunger  or  convemenoe 
requires. 

Thnsb  then,  you  observe,  that  the  occi- 
pital hone  in  the  higher  ^mUt  rests  upon 

the  atlas  and  upon  tljc  vertebral  column, 
in  a  position  more  near  to  the  centre  of 
the  base  of  the  skull.  In  the  anterior  part 
of  the  skull  you  observe  in  most  of  those 
quadrumanous  animals  no  trncc  of  the 
supra-orbital  foramen,  the  frontal  nerve 
and  artery  coming  generally  over  the  mar- 
gin of  the  orbit,  or  through  a  notch,  as  wc 
often  see  in  man.  The  turbinated  bones 
are  small,  and  correspond  with  the  short 
ami  small  flat  nose;  but  the  ethmoid  plates 
fUreSent  a  considerable  surface  for  the  ol- 
fiwtory  nerves.  The  body  of  the  sphenoid 
generally  remafais  divided  transversely  in 
the  telkt  tunica^  to  an  advanced  period  of 
development,  being  the  natural  separa- 
tion of  the  bodies  of  two  distinct  cranial 
▼ertebrs. 

In  the  cervical  vertebrae  we  observe, 
that  in  place  of  those  bifurcated  spinous 
processes  which  you  know  to  charao- 
teriie  ^e  cervical  vertebra^  of  man,  these 
processes  here  terminate  in  a  sharp  single 
spiue,  80  ^trdifferiugfrom  those  of  the  hu- 


man skeleton,  as  you  observe  in  this  mona 
monkey  {ttreepitheem  twHOt  tSg,  116)  • 

i%.116 


There  Is  considerable  strength  and  mobility 

of  the  neck,  for  thr  motions  of  the  heavy 
head.  In  the  vertebral  column  we  observe 
a  near  approach  to  man  in  the  numbers 
and  forms  of  the  dotnl  vertebm.  The 
lumbar  vertebrae  are  generally  more  nu- 
merous, and  Iiave  greater  mobility  than 
in  the  human  body.  Those  additional 
lumbar  vertebrtc  appear  to  be  formed 
partly  at  the  expense  of  the  sacrum.  They 
present  the  transverse  processes  gene- 
rally much  more  directed  upwards  to- 
w  ar(!s  the  head,  than  you  observe  in  the 
corresponding  transverse  processes  of  the 
human  skeleton;  so  that  the  mnsdes  are 
strengthened  which  arc  attached  to  them, 
and  which  pass  downwards.  The  coccy- 
geal vertebra*  of  the  quadrumanous  animsds 
are,  for  the  most  part,  prolonged  much 
beyond  the  extremity  of  the  trunk,  form- 
ing a  long  moyeable  tail.  That,  in  ani- 
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mats  whlctt  are  organized  to  dhnb  upon . 
t(«ef>  ii>  ftir  the  most  part,  an  fanpofrtant  | 
Olgan  of  prehension.  We  see,  particu-f 
lariy  in  the  simis  of  America,  that  this 
organ  ^  uracil  developed,  and  forma  in 
thit  tribe  what  is  called  ;i  ])rf  hcnsilc  tail— 
a  tail  which  is  muscular  and  flexible,  and  i 
is  not  furred  over  upon  all  its  lower  sur- 
face, but  is  provided  often  with  a  tough, 
callous,  thick  epidermis,  which  is  ca- 
pable of  firmly  holding  objects  when  the 
tdl  is  t#ined  around  tbem,  and  pos- 
sessing at  the  same  time  great  sensi- 
bility like  a  hand.  This  we  do  not  meet 
with  in  the  old  world,  where  the  tails  of 
the  quadntftiana  are  covered  over  with 
fiir.  The  true  prehensile  organ  is  peculiar 
to  America.  In  the  coccygeal  vertebrae 
we  observe  tbi^  wbere  they  are  most  era- 
ployed  for  j)rchcnsion,  their  numher, 
their  mobility,  and  the  security  of  their 
aiLiculat ions,  are  increased  ;  that  where 
the}  ni  not  employed  as  an  organ  to 
assist  in  clinihing-,  or  for  the  suspension 
of  the  body,  the  bodies  of  those  vertebra 
are  nlach  more  lengthened  and  cylin- 
drical. 

These  quadrupeds,  climhinp:  nnA  living 
upon  trees,  require  to  possess  great  power 
and  extent  of  motion  in  the  whole  arms, 
and,  at  the  same  time,  great  security  in 
the  articulations.  The  security  you  per- 
ceive to  be  necessary,  from  l»ie  violent 
exertions  they  put  the  arms  to.  You  ob- 
■erve  these  long-anncd  gibbons  and  spidcr- 
jnoukeys,  bounding  and  springing  from 
branch  td  branch,  and  tree  to  tree,  when 
pursued,  or  in  their  gambols,  for  the  siiniic 
are  naturally  lively',  active,  playful,  lasci- 
yiuoM,  and  oneh  disgusting  animals,  from 
iheir  so  perfectly  caricaturing  the  human 
form,  expression,  and  action.  They  bur- 
lesque our  species  by  tiieir  forms,  ges- 
turee,  and  grimaces,  at  we  have  idready 
Ifcen  a  burlesque  upon  those  compara- 
tively elevated  animals,  in  the  slow-creep- 
ing, long-armed,  tree-cUmbfng  sloths.  No^ 
fhois  vioielit  efforts  on  the  trees,  where 
they  are  seen  to  throw  themselves  from 
one  tree  to  another,  to  grasp  the  branches 
witib  their  hands,  and  to  come  down  with 
iheir  whole  weight  on  the  arm,  then  with 
a  bound  to  force  themselves  Up  again  to  a 
higher  branch— we  see  that  for  such  strong 
motions,  and  for  such  active  exertions  of 
tile  whole  body,  great  lightness  in  the 
bobes,  and  great  security  in  the  articula- 
tldnSt  both  of  the  trunk  and  extremitlos, 
are  required,  and  great  flexibility  and  ex- 
tent of  motion  in  all  their  parts.  Thus  we 
find  in  all  these  quadrnmana  the  clavicles 
tire  Strong  and  human-like  in  their  curved 
sigmoid  form.  It  has  already,  in  most  of 
the  species,  that  sigmoid  curvature  which 
la  io  bhrM  ita  thto  bttiiii&  davtde,  and 


^  from  wMdi  tbat  bofii  bss  received  Ifs 

j  name.  The  scapula  has  also,  from  the 
f  similarity  of  the  uses  to  which  the  anterior 
extremities  are  applied,  a  form  corre- 
sponding nmdiwith  the  form  of  the  human 
scapula,  having  an  exten'^^ive  s'lrfnr?  hn*h 
I  above  and  below  the  very  elevated  spine, 
and,  consequently,  an  extensive  margin 
towards  the  vertebral  column ;  but  still 
this  bone  is  longer  and  narrower  than  the 
human.  The  glenoid  cavity  is  compara- 
tively deep,  and  the  coracold  and  aero* 
mien  processes  are  large  in  the-r  quadni- 
manous  animals,  so  that  the  head  of  the 
humerus  plays  upon  its  cavity  with  secu- 
rity. The  scwpula  is  most  human-like  in 
the  orangs.  The  sternum  of  the  quadru- 
mana  is  observed  to  present,  in  the  lowest 
forms  of  makis  and  lemurs,  an  approach 
towards  the  narrow  compressed  form  of 
that  hone,  so  common  in  inferior  orders 
of  quadru])eds ;  but  in  the  siniiic,  and  es- 
pecially in  the  orangs,  it  is  depremredfrom 
before  backward?,  pre^onting  the  ex- 
panded and  flat  form  which  it  has  in  man. 
The  sides  of  its  elements  appear  Some- 
times to  remain  separate  through  life  in 
the  pifheci.  In  the  adult  pongo  of  the 
liunteriau  museum,  the  sternum  is  com- 
posed of  a  double  row  of  |4eote,  but  In  Ihft 
adult  ponffo  of  the  Paris  museum,  there  is 
a  single  row  of  four  pieces,  and  the  jtipboid 
cartilage. 

In  the  humerus  we  perceive  the  form 
to  approach  somewhat  to  the  human,  hut 
it  is  generally  more  arched,  with  its 
convexity  forwards  at  the  uppe^  pari 
The  radius  and  the  ulna  are  long  atid 
slender,  and  constantly  separated,  to 
admit  of  the  freest  pronation  and  supi- 
nation. The  bones  of  the  carp\is  are 
frequently  nine  in  niimber,  there  being 
five  in  the  second  row,  making  one  addi- 
tional to  the  number  fonfad  iti  the  buman 
wrist,  where  there  are  only  fi  nr  in  ovtch  of 
the  two  rows.  It  ap()ears  that  the  division 
of  one  of  the  ordinary  bonesi  to  give  greater 
mobility  to  the  wrist  here,  gives  rise  to  the 
ninth  bono.  Flexibility  fur  ]>rehen8ion  is 
of  the  greatest  importance  to  be  preserved, 
botii  at  the  termlnatioti  of  thft  ioins  aad 
legs  of  quadrumana,  that,  like  a  whip, 
they  may  twine  round  the  branches,  and 
then  with  a  firm  muscular  force  secure 
the  grasp  wl  ii  h  they  have  obtained; 
therefore  it  is  tlmt  we  find  the  wrist  so 
subdivided  in  the  quadrumana.  The 
bMids  present  the  same  numbift'  of  bones 
as  the  human  in  the  metacarpus,  and  in 
the  phalangce  of  the  fingers,  which  hvo  all 
long,  slender  bones,  except  the  last  pha- 
langes which  sup])ort  the  flat  nails  of  the 
siniirp.  The  thuinb  is  never  so  much  de- 
veloped, or  so  opposable,  in  the  quadru- 
maaui  at  in  tbte  huttian  hands.  In  all  tftt 
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qoadrumana  of  the  old  world,  the  thumb 
u  distinctly  observed  projecting  from  the 
integuments ;  but  inthe  genus  ateles  of  the 
new  world  we  see  only  a  small  rudiment — 
a  tubercle  projecting  from  the  inner  side  of 
the  lisnd,  and  sometimes  not  a  trace  of  n 
thuml)  ])rn;rcting  frnm  tho  integuments, 
although  its  bones  are  present  beneath 
the  skin  of  the  hand. 

In  the  region  of  tbe  pelvis  you  observe 
a  remarkable  difference  In  the  inferior 
genera  of  quadrumana,  when  compared 
with  the  pelvis  of  the  human  body,  and 
that  this  depends  chiefly  upon  tlic  mir- 
rownesis  of  the  pelvis,  and  tlie  lenu;thenin£? 
of  the  iliac  bones  ;  that  is  accoinpauicd 
with  a  lengthen ini;  of  the  glutei  muscles, 
the  extensors  of  the  femur;  for  wc  must 
look  to  this  stnicture  of  the  bones  with 
relation  to  the  living  moremehts,  to  flie 
active  instruments  of  the  rapid  ami  power- 
ful movements  of  those  animals.  The 
lengthening  of  the  glutei  muscles,  like  the 
lengthening  of  the  mnseles  attached  to  thfe 
head  of  th  huTuerus,  has  the  effect,  from 
theirmodeof  insertion,  of  moving  the  bones 
towhichthosemusclesare  attached  through 
8  greater  space  in  a  given  time.   It  in- 


heres firmly  to  those  cartilaginous  masses, 
and  they  adhere  most  firmly  to  the  tube- 
rosity of  that  bone.  This  broad  bise, 
formed  by  tlie  projection  of  the  two  ex- 
panded tuberosities  of  the  ischium,  is  that 
upon  which  the  quadmmanoitt  animaltt 
repose  themselves  in  feetHnp,  in  sleciiintr, 
in  rear; Tic;  tlieir  yonni;,  or  in  doing  any 
acts  while  tlieir  trunk  is  in  a  state  of 
repose. 

The  femur  differ?  from  the  human  fcmnr, 
being,  like  the  humerus,  bent  more  for- 
wards, and  in  haHng  theniSck  of  the  bone 
shorter,  and  passing  out  more  at  right 
angles  to  the  body  of  the  bone.  The  fro- 
chanier  majovy  \x>n  jjerceive,  is  by  this 
raised  much  higher  than  the  bead  of  the 
femur.  This  trochanter  is  a  part  nf  rrrr't 
importance  in  the  active  motions  of  these 
qnadmpeds.  The  ti1>la  and  fibula  are 
long  and  slender,  widely  detached,  and 
admit  of  grt>atcr  extent  of  movement  on 
each  other  than  in  the  hiiman  leg,  to  al- 
low the  foot  to  be  employed  as  a  hahd. 
From  the  uses  to  ^vhich  tht'  1(  of 
quadrumanous  animEds  are  applied,  wo 
perceive  that  it  is  necessary  that  the  cal- 
caneum  should  project  much  less  than  in 


creases  the  velocity  of  the  motion,  while  the  human  foot.   Were  the  cakaneum  to 


it  loses  in  strength.  The  expanded  form 
of  those  iHac  bones  in  the  human  species 

is  for  tlu  Insertions  of  an  immense  num- 
ber of  separate  fibres,  short  and  strong,  of 
the  glutei  muscles.  Those  very  powerful 
extensors  are  required  to  keep  the  whole 
tnmk  of  the  human  spccies  upright  on  the 
legs  when  walking  or  standing.  But  that 
if  not  the  use  to  Ikrhioih  ^e  glutei  muscles 


project  as  much  backwards  as  iu  the  hu- 
man ibot,  it  might  serve  flie  quadrumanous 

animal  better  as  a  mere  organ  of  suppoii:, 
but  it  would  prevent  that  motion  of  ex- 
tension which  is  necessary  in  the  foot 
as  an  organ  for  seiziilg  or  grasping 
objects.  At  the  lower  end  of  the 
tihia  and  fibula,  which  are  both  strongly 
connected  with  the  taniis,  the  astra- 


are  applied  in  the  quadrumana;  in  them  gains  has  a  peculiar  oblique  twist  ont- 
they  are  applied  for  those  bounding  audi  wards,  which  is  increased  by  the  form 
leaping  movements  which  they  perform  of  the  calcancun),  and  which  obliquity  Is 
witb  their  posterior  extremities,  which  |  communicated  through  the  scaphoid,  the 
arc  not  in  them  mere  pillars  of  snp|?nrt,  cuhoid,  and  tho  three  cnncifoi  rn  hones, 
but  organs  of  prehension,  formed  like  i  to  the  metatarsus,  so  that  by  reciting  thus 
arms  with  hands.  The  sacrum  most  fro- ton  the  outer  margin  of  the  tarsus  and 
quently  consists  of  three  vertebne.  The  coc-  metatarsus,  the  foot  has  assumed  a  ])osi- 
CTX  of  the  orang  consists  of  four  as  in  man.  tion  very  different  from  that  of  the  human 
The  iliac  i>oaes  in  the  oi  anga  arc  ssliort  and  foot,  and  very  different  from  tljat  iu  which 
expanded,  flat  outwards  from  the  sides  of  you  perceive  the  feelfplaced  in  some  of 


the  sacrum.  The  sacro -iliac  articulation 
and  the  whole  pelvis  are  placed  in  a  lon- 

gitndinal  direction.  Th6  tuberosity  of  the 
chium  is  bent  outwards  and  backwards, 
projecting  laterally  to  n  great  extent,  and 
is  a  part  of  great  thickness  and  breadth 
in  most  quadrumana  bdow  the  orangs. 
That  is  the  part  which  the  quadrumanous 
animals  employ  to  rest  the  whole  trunk 
uinm  in  a  state  of  repose.  It  is  covered 
in  the  livingltate  with  a  thick,  very  dense. 


the  skeletons  before  yon  ,  which  are  placed 
in  an  unnatural  position,  with  the  planta 
of  the  feet  resting  on  the  ground  as  in 
man.  The  quadrumanous  animals,  even 
the  most  elevated  species,  seldom  apply  the 
entire  planta  of  the  foot  to  the  ground, 
but  they  apply  only  the  outer  margin  of 
the  foot  to  the  earth.  By  thus  npjily- 
ing  tlie  outside  of  the  foot  to  the  ground 
(when  these  animals  are  resting  upon  the 
foot),  the  thumb  or  inner  toe  is  free,  and 


cartilaginous  mass,  called  the  callosities  of  attached  in  n  very  oWique  manner  to  the 
the  nates.  Those  callosities  are  not  co-  i  internal  cuucitonn  bone,  wtiich  is  here 
vered  with  hair,  bnt  are  dense  cartila- 'pla(^  much  below  the  others;  It  is  free, 
ginons  masses,  rovcring  those  broad  tu-  and  opposable  to  the  other  more  length- 
berosities  of  the  ischium.  The  skin  ad*  |  cued  toes  of  the  foot  j  so  that  the  foot  is 
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by  this  medumiBiD  oonstmcted  Hko  a  long ' 

prehensile  hand.    Tlicy  can  thus  use  the 
foot  for  stanilint?  or  walking,  while  at  the  j 
same  tinie  it  graspa  liiuily  an  olgect  with ' 
the  thutnh  or  the  toes,  the  outer  part  only  ', 
of  the  foot  l)cing  tlien  applied  to  the  ground. 
But  here,  in  Londou,  1  have  seeu  the  liv-  { 
Ing  chimpanse,  the  hiack  orang  of  Africa, ; 
spontaiicously  apply  tlic  whole  i)lanta  of 
the  foot  to  the  ground  in  walking;  some- 
times it  (lid  and  Monietinies  not ;  but  the 
Orang  of  In  lia,  which  was  alive  beside  it, 
never  did, — it  applied  always  the  ontsido 
of  the  little  toe  to  the  grouud  iu  Widking. 
Twisting  the  foot  of  the  monkeys  out- 
wards to  bo  applied  flat  to  the  ground,  in 
the  manner  of  the  human  foot,  is  an  act 
painful  to  them  ;  those  animals,  therefore, 
do  not  spontaneou!>ly  a  s^^mnc  that  attitude, 
although  wo  daily  sec  that  by  tortme  they 
can  be  luade  to  stand  ia  any  po:jition.  The 
foot  of  the  quadramana  has  the  same 
number  of  bones  in  the  tarsus,  metatar- 
sus, and  toes,  as  are  fouud  in  the  human 
foot. 


MAN  forms  alone  the  highest  order  ol  i 
the  highest  class  of  the  animal  ktngdont,  | 
and  the  highest  form  of  organization ! 
which  has  yet  been  developed  on  thi^' 
planet,  and  it  is  hy  tracing  his  organs  up- 
wards, from  the  monad,  throutjh  all  their 
phn<^rs-  f;f  develojjtnent  and  their  various 
iiieiuuiui  piloses,  that  w  e  come  to  perceive 
and  to  comprehend  the  nature  of  the 
peculiarities  which  distinguish  his  struc- 
ture, his  functiouii,  and  his  form.  Without 
the  infmoir  grades  of  organization  to  in- 
terpret the  more  complex,  that  of  man 
would  for  ever  remain  an  inipcnetral)le 
mystery,  and  the  light  which  is  thrown 
upon  the  highest  b  reflected  back  upon 
the  low  est  by  the  im  reased  interest  thus 
attached  to  their  study.  The  whole  organ- 
ization <^  man  is  adapted  for  tlie  erect 
position  of  the  trmik,  by  w  hich  his  ante- 
rior extremities  are  left  free  for  various 
empluymeutJi,  and  his  head,  raised  to  a 
height  above  the  ground,  has  the  principal 
organs  of  the  senses  dirct:ted  forwards. 

liy  the  great  development  of  his  cere- 
bral organs,  the  cranium  ^i^^.  117j  is 
large,  and  the  organs  of  the  senses  being 
contlne<l  to  a  narrow  s)iace,  the  face  is 
small,  and  is  nearly  .straight  from  the 
frontal  bone  to  the  chin,  from  the  slight 
projection  of  the  muz/Ie,  exeejititig  hi  the 
negro,  where  the  projection  of  the  jaws 
and  teeth,  and  the  receding  of  the  frontal 
bone,  reduce  the  focial  angle  more  near 
to  that  of  the  orangs.  The  occij>ital  fora- 
men and  the  two  occipital  condyles  are 
advaiiced  fui  tber  forwards  on  the  base  of 
the  skull  than  in  any  of  the  qnadramana. 
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so  tjiat  his  head  is  nearly  poised  by  the 
centt-e  of  its  base  on  the  atlas,  and  on  the 
perj)endicular  vertebral  column.  His  fore- 
head, his  nasal  bones,  and  his:  chin,  pro- 
ject mure  than  in  any  of  the  quacirumaua, 
the  incisors  are  more  nearly  i)erpeudicD» 
lar,  the  canini  shorter,  and  the  tid)crclcs 
of  the  molarcs  more  ronnded.  The  s(pi^- 
mous  portion  of  the  temporal  bone,  the 
great  ala  of  the  sphenoid,  xn  l  the  supe- 
rior porti'Mi  (if  tin  occipital,  arr  In  ;  the 
temporal  lossa,  the  zygoma,  and  the  coro- 
noid  ])roccs8  of  the  lower  jaw,  are  smaD* 
the  ramus  of  the  lower  jaw  is  larger,  and 
forn)s  a  more  acute  angle  with  the  base, 
than  in  the  last  order  of  quadrupeds;  the 
condyle  of  the  lower  jaw  is  more  elevated 
and  convex,  an<l  the  glenoid  cavity  for  itH 
reception  is  deeper.  The  nasal  procei»s  of 
the  superior  maxillary  and  the  uefu^aal 
bone  i»ass  more  into  the  orbit,  and  the 
orbits  are  njorc  {larillel  in  their  direction, 
which  gives  grciUer  pvcci^j^ou  to  ^  1^ 
visual  impressions. 
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HU  vertebral  column  has  a  greater  sig< 
moid  curvature,  <he  omyicu  vertebrae 

have  their  spinous  processes  more  broad, 
short,  and  bifurcated ;  the  transverse  pro- 
ceases  Ot  the  lumhar  vertebrae  extend 
more  at  right  angles  from  the  bodies,  the 
sacrum  is  longer,  broader,  and  more 
arched,  and  the  coccyx  is  comparatively 
•mall.  The  ribs  are  more  convex,  the 
sternum  is  more  short  and  broad,  the  cla- 
vicles are  more  curved  and  stroug,  and  the 
scapula  is  more  short  and  broa^  than  in 
the  former  animals.  The  glenoid  cavity  of 
the  scapula  is  more  lateral  in  its  direc- 
tion, the  humerus,  with  a  large  articular 
nNUnded  head,  is  more  straight,  the  ole- 
cranon of  the  ulna  comparatively  short,  and 
the  bones  of  the  thumb  are  more  length- 
ened,  and  more  opposable  to  the  other 
fingers. 

The  pelvis  is  shorter  and  broader  than 
inthequodrumana,  the  iliac  bones  are  mure 
expanded  and  convex,  more  extended  over 
the  acetabulum,  and  with  a  longer  crest ; 
the  tuberosity  of  the  ischium  is  less  pro- 
minent^ and  the  symphysis  pubis  is  shorter. 
The  femora  are  thrown  to  a  frreatcr  dis< 
tancc  from  each  other,  their  head  has  a 
less  extensive  articulai*  suifacc,  their  cer- 
vLv  is  longer  and  more  oblique,  and  their 
trochanter  major  less  elevated.  Tlic  legs, 
thus  removed  from  each  other,  aif'ord  a 
broad  and  secure  base  of  8upi>ort  for  the 
erect  trunk,  and  this  is  increased  by  the 
plantigrade  position  of  the  feet,  the  pa- 
raUelism  and  magnitude  of  the  inner  toe, 
—the  advanced  position  of  the  astragalus, 
the  extension  backwards  of  the  calca- 
ncum,  the  fixed  condition  of  the  tarsus, 
and  the  strength  of  the  mctatai'sus  and 
the  bones  of  the  toes. 

These  peculiarities,  however,  in  the 
skeleton  of  our  species,  are  not  equally  de- 
veloped in  all  the  races,  for  the  negro  has 
tiie  forehead  low,  the  nasal  bones  less  pro- 
minent, the  nose  flat  and  broad,  the  muzzle 
l)rojecting,  the  incisors  inclined  forwards, 
the  cranium  proportionally  small,  and  the 
facial  angle  often  below  seventy  degrees. 
Even  the  Mongolians,  with  a  more  ele- 
vated ladal  angte  of  seventyfkve  degrees, 
have  the  nose  sunk,  the  orbits  remote,  and 
the  malar  bones  prominent.  It  is  in  the 
European  race,  where  the  facial  angle  is 
above  eighty  diegrees,  that  we  Und  all  the 
characters  of  the  skeleton  the  most  remote 
from  those  of  the  orangs,  and  from  those 
of  all  the  inferior  animus. 

From  the  adaptation  of  all  parts  of  the 
skeleton  of  the  quadruraana  for  the  in- 
clined position  of  the  trunk,  and  of  man 
for  tiie  erect  position,  their  bones  are 
more  easily  recognised  than  those  of  most 
other  animals,  yet  not  a  fragment  of  either ' 
has  ever  been  found  in  a  perfectly  foseil- 1 


ized  condition.  The  bones  of  quadmroana 

occur  abundantly  in  the  recent  alluvial 
deposits  along  the  hanks  of  great  rivers  in 
tropical  countries,  but  of  species  now  liv- 
ing in  those  ooontries.  The  bones  of  our 
species  have  often  been  found  in  doubtful 
situations,  as  in  deserted  mines,  in  recent 
deposits  lying  in  diluvial  caves,  in  the  fis« 
sures  of  ancioit  rocks,  in  dr&fted  calca- 
reous sands  consolidating  on  sea-coasts,  or 
covered  with  corals  at  the  bottom  of  the 
sea,  like  this  specimen  of  the  tibia  covered 
with  monticulan'fp.  Skeletons  of  our  s])C- 
cies  nearly  entire  {Fiff.  118)  are  often 
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found  embedded  In  a  solid  ooneretkm  of 

comminuted  shells  and  corals  now  form- 
ing along  the  coasts  at  Guadeloupe.  These 
skeletons  still  retain  the  animal  matter  of 
the  l)ones ;  the  embedding  particles  of  the 
shells  and  corals  retain  their  colouring 
matter,  and  belong  to  the  oimmou  spc- 
elet  of  those  coasts. 


Now  these  arc  all  the  observations  we 
have  leisure  to  make  on  the  soUd  parts  of 
animals— the  organs  of  support.  And  we 
have  seen  that  nature,  in  the  construction 
of  those  solid  parts  throughout  the  verte- 
bratod  dames,  has  kept  with  rcmaricable 
constancy  to  that  typical  plan  which  was 
commenced  in  the  cephalopods  hy  the 
development  of  the  laminae  of  the  veite- 
br».  Since  llie  cartOagfaions  skeletons  of 
the  lowest  fishes,  we  have  seen  that  na- 
ture has  directed  the  ciuTcntsof  nutiitious 
matter,  conveying  the  phosphate  of  Ume 
with  other  earths,  to  certaandefinite  points; 
that  those  points  have  remained  remark- 
ably constant  in  their  position,  whether 
they  were  afterwards  to  be  andiylosed  to- 
gether,  or  to  remain  permanently  de- 
■tached  — that  the  centres  of  ossification 
remained  the  same.  We  seek,  therefov<^ 
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for  the  theory  of  this  constancy  in  the 
pUii  upon  vliieh  ttie  tkeletons  of  verte- 
nrvted  animals  are  constructed,  in  the  dis- 
tribution of  the  nutritious  arteries  of  the 
bones.  In  the  stages  of  develoi)nient 
of  tbe  moat  perfect  akeletona  of  tbe  vtr- 
tebrata,  we  perceive  but  a  repetition  of 
the  stages  we  passed  through  since  we 
.commenced  with  the  cartilaginous  fishes. 
The  earthy  matter  that  is  employed  in 
this  great  division  of  the  animal  king- 
dom to  consolidate  the  organs  of  support, 
it  not  the  seme  as  that  which  waa  em- 
ployed to  con snH(b.t-r  tViose  heavy  massive 
coverings  that  were  thrown  for  protection 
over  the  bodies  of  molluscous  and  inferior 
animals.  A  much  denser  material,  the 
phosj)hatc  of  lime,  is  here  employed  to  sup- 
port the  great,  elevated,  durable  fabrics  of 
these  large  aaimalt.  But  whatsrer  forms 
tlicsff  earthy  materials  may  assume,  and 
whether  placed  in  the  interior  of  tbe  ^oft 
parts  or  on  their  surface,  they  are  due 
to  ^e  living  pMoesscs  of  the  system,  and 
are  permeated  by  animal  matter ;  they  are 
normal  parts  of  the  structure,  intimately 
connected  with  tihe  soft  parts,  and  hiflu- 
enced  by  their  contact,  and  they  serve 
alike  to  j^ive  form,  protection,  andsUpport, 
to  tlie  w  hole  iubriu. 


aiVABKS  CM 

DBLIRIltM  TREMENS, 

ITS  COMPLICATIONS  AND  TREATMENT. 

'  Bf  P.  BxNNKTT  Lucas,  Btq^  Miwffeon, 

Lfmthm, 

'  This  most  interesting  and  singular  dis- 
ease has  within  the  last  few  years  atlmcted 

in  an  especial  manner  the  attention  of  the 
profession,  and  many  valuable  papers 
have  been  dedicated  to  its  consideration 
in  the  several  medical  fleriodloals.  Upon 
its  distinguishing  charactei-s  all  are  narrec d, 
but  anon  the  pathology  of  the  affection, 
and  1m  manner  of  treating  it,  a  similar 
unity  of  sentiment  does  not  exist,  and  this 
is  the  more  to  he  recrretted,  in  consequence 
of  the  remedies  proposed  for  its  cure 
being  very  opposite  in  their  ^fllBOts.  When, 
for  instance,  we  firul  ''onie  practitioners 
recommending  bleeding,  and  others  Tio- 
tantly  opposing  the  use  of  the  lancet  under 
any  circumstances;  when  we  find  opium 
recommended,  from  a  moderate  to  what 
may  be  termed  an  immoderate  dose ; 
isben  the  babltoal  itimnlns  is  liberally 
snpjilied  on  the  one  hand,  and  as  nnce- 
remoniously  dismissed  upon  the  other; 
whMi  restraint  is  considered  as  taldng. 


away  one  out  of  the  few  chances  we  have 
of  our  patient's  recovery,  and  a  stndt- 
waistcoat  is  resorted  to  with  iMueSt;  when, 
in  short,  we  read  of  decided  success  stated 
to  attend  very  opposite  modes  of  treat- 
mentj—either  the  disease  must  have  pre- 
sented itself  under  very  (iiffcrrnt  nspcrt?, 
or  circumstances  must  have  occurred  to 
call  for  other  remedies  besides  those 
usoaUy  tecommended. 

K  praetltlober,  fdr  the  first  time,  recof' 

nising  the  disease,  am!  referring  to  his 
library  for  some  practical  information, 
would,  in  consequence  of  these  differences 
of  opiniotk,  fefA  tk  l«ist  undecided  whtt 
('Oiir5?e  to  piir«;iie,  and  did  not  his  o^vn 
judgment  direct  the  admiuititration  of  his 
remedies,  he  wotdd,  in  aU  probability,  have 
little  reason  to  congratulate  himself  for 
relying  upon  the  indiscriminate  recom- 
mendation he  iixcd  on,  and  so  scrupu- 
lourijr  adbcrtd  to. 

Bid  delirium  tremens  always  present 

itself  in  its  simple  uncompHrated  form,  its 
treatment  would  be  reduced  within  a  very 
small  compass,  and  a  sotmd  Sleep  being  ito 
natural  cure,  all  our  remedies  would  be 
directed  to  the  attainment  of  that  salutary 
end.  But  unfortunately  this  is  not  the 
case.  In  some  instances  the  membranes  of 
thr  brain  nre  actively  inflamed}  in  others 
the  chest  is  engaged;  in  others  the  stomach 
and  bowels ;  and  It  Is  vi^y  seldom  indeed 
that  the  disease  is  taet  with,  except  hi 
complication  with  some  local  or  consti- 
tutional  affection,  demanding  the  omission 
of  remedies  considered  by  some  as  spedAcs, 
and  thr  nrlniinistration  of  others  very  op- 
posite in  their  characters.  The  constitu- 
tion of  the  patient,  tbe  manner  in  whidi 
the  disease  waft  induced,  and  previons 
hahits,  will,  in  general,  render  the  disease 
uiore  or  less  manageable,  and  \s'ill  influence 
the  determination  to  varions  organs.  In 
the  habitual  tipjdcr,  who  lives  only  in  ex- 
citement, and  who  solicits  the  disease  by 
an  excess  of  devotion  to  his  accustomed 
idol,  the  stomach  and  bowels  will  be  the 
organs  found  most  often  implicated ;  such 
a  patient  having,  in  addition  to  the  cha- 
racteristic symptoms,  nansea,  vomitin|f, 
pain  in  the  epigastrium,  and  scanty,  glimy, 
dejections.  T  nder  other  circumstances, 
from  heretiitary  predisposition  and  dissi- 
pation, the  lungs  become  the  organs  en- 
gaged ;  and  in  one  instance  of  this  kind 
which  came  under  my  observation,  tbe 
patient,  after  recovering  ftom  the  dtscaas, 
died  in  three  weeks  of  confirmed  phthisis. 
In  other  cases,  a  few  hours  after  the  dis- 
ease shows  itself,  the  pulse  bccuniei<  quick, 
and  loses  its  soft  beat ;  the  pupils  become 
contracted,  the  eye  suffused,  the  face 
flushed i  the  patient  gets  Violent,  but  is 
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LECTURE  XXIX. 

ON   THE  LIGAMENTS   AND  ARTICULA 
TfONS,  OR  THS  ORGANS   OF  CON- 
NEXION- 

"Having  considered  the  solUl  j)ai wliicl) 
compose  the  skeletons  ofanimab,  wchave 
now  to  examine  the  organs  by  wMch  these 
are  held  in  connexion,  and  arc  enabled  to 
move  on  enrh  oth(»r.  Next  to  the  almost 
unorganized  materials  of  the  skckloa  it- 
self, these  connecting  organs  possess  the 
lowest  dcj^rcc  of  vitality,  is  a  wise 

provision  for  the  stretching  and  couipres- 
taxm  to  which  they  are  contiimallf  sub- 
jected. Even  in  the  highest  animals  these 
parts  are  but  scantily  snpi)lied  with  blood- 
vessels and  nerves,  aud  have  a  correspond- 
ing low  degree  of  sensibility,  slowness  of 
growth  and  reproduction,  and  great  tena- 
city of  life.   Where  the  skeleton  is  com  •  j 
posed  of  pieces  of  a  solid  unyielding  na- 
ture, these  inint  be  connected  together  by  I 
elastic  substance'?,  to  admit  of  the  nccci-  1 
sary  motions  of  the  parts  on  each  other. 
But,  from  observing  the  articular  surfaces 
of  the  bones  in  the  higher  classes  of  nni-  ■ 
mals,  covered  with  soft  cartilage,  lubricated 
with  synovia,  and  connected  by  capsular 
ligaments,  we  arc  not  to  infer  that  the 
solid  parts  of  the  9l£«leton  ia  the  lowest 
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tribes  of  animals  are  united  together  ac- 
cording to  this  coinpliciitcd  ]<lan.  lathe 
higher  vcrtcbrata  the  ligaments  arc,  for 
the  most  part,  merely  organs  employed  to 
tie  the  parts  together,  and  to  limit  and 
direct  their  motions;  but  in  the  lowest 
tribes  of  iuvertebrata,  the  physical  pro- 
perty of  eUistidty  possessed  by  these  con- 
necting parts,  is  called  more  frequently 
into  action,  and  T\r.\(\<'  to  assist  in  many  of 
the  most  inipoiiauL  movements  of  life, 
thus  dispensing  with  so  much  muscular 
force  and  mechanism.  Where  the  frame- 
work of  the  body  is  composed  of  parts 
that  are  so  soft  and  elastic  as  to  admit  of 
all  the  necessary  movements,  it  would  not 
be  of  advantage,  but  only  tend  to  weaken 
the  skeleton,  to  divide  it  by  articulations 
or  solutions  of  continuity  of  its  parts.  We 
perceive  no  articulations,  therefore,  and 
consequently  no  ligaments,  in  the  soft  ge- 
latinous 1>odies  of  the  polygastric  aninial- 
cules;  and  the  mode  of  attachment  of  their 
external  vibratile  cilia,  a:*  well  as  the  me- 
chanism of  their  moveiucuto,  isunknowji. 
In  the  divided  skeletons  of  the  lowest  in- 
vert Jn-ata,  we  do  not  find  the  parts  con- 
nected with  each  other  by  bands  of  a 
fibro-cartilagiuoua  substance  passing  from 
the  end  of  one  piece  to  the  beginning  ot 
the  nc.vt,  but  the  whole  of  tiic  solid  parts 
are  enveloped  entirely  iu  a  coatinuous 
elastic  6ul)StaikC0  which  admits  of  the  ne- 
cessary motions,  and  binds  together  the 
solid  parts. 

In  the  poriferous  animals,  the  dense 
siliceous  spicut»,and  those  of  a  caK-arcous 
nature,  are  either  wholly  or  partially  em- 
bedded in  a  iirmer  and  tougher  portion  of 
the  general  cellular  tissue  of  the  body.  By 
this  ronnecting  snbstanrc,  generally  trans- 
parent an«l  of  an  amber  colour,  the  crys- 
talline spicula;  throughout  the  whole  body 
arc  held  together  after  death,  and  after 
the  softer  matter  of  the  animals  has  bce^ 
washed  away.  The  presence  of  these 
earthy  needles  in  the  cellular  tissue, 
within  which,  and  by  which  alone,  thty 
are  formed,  probably  excites  the  surround- 
ing texture  to  a  greater  condensation,  and 
they  probably  contain  a  portion  of  the 
animal  matter  in  their  water  of  crystalU- 
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zatlon,  and  in  their  interior  cavities,  giv- 
ing them  transparency  and  tenacity.  The 
fipicultC'.  after  beuig  formed  entirely  witliiu 
the  cellular  tissue,  appeai*,  by  succeeding 
notions  of  the  bo  ly,  to  be  pushed  through 
tiiat  matter,  and  thus  made  to  project  into 
the  porea,  iitio  tlte  canals,  or  from  the  ge- 
neral surface  of  the  body.  There  is  the 
most  perfect  order,  and  a  distinct  plan  of 
r».rnirjg;cnicnt,  as  well  as  distinct  forms  of 
the  sptcula,  in  each  of  the  species  of  these 
anliiMls.  In  the  hotny  spedes  there  sre 
no  articulations  in  the  component  tubu- 
"^ular  filaments,  because  their  elasticity 
allows  the  requisite  motionis  to  take  place 
imibout  joints.  They  anastomose  with 
ei^h  other  throughout  the  whole  body, 
*  Amo)^  the  polypiferous  animals  there 
axe  innumerable  forms  of  eitlcutations 
both  in  the  horny  and  the  calcareous  s])c- 
cies.  In  the  coraJI'mfv  we  observe  the 
component  coufciva-liiaments  to  have  at 
regular  distances  a  free  uncalcified  sur- 
faci',  formii!i>  so  ninny  joints  to  admit  of 
yielding  ami  bending.  In  roost  of  the  soft 
tubular  horny  -zoophytes,  as  the  §ertuktrUef 
plumulaiHcey  serialanep^  ceflariaf  v,'e  per- 
ceive a  jointed  appearance  both  in  the 
stein  ami  branches,  and  from  these  thin 
anil  tender  porticusof  the  exterior  horny 
covering,  chiefly  has  the  contained  fleshy 
msbstance  been  able  to  shoot  out  new  ra- 
mifications, cells,  or  vesides.  We  find 
these  artieidations,  like  circular  rings  or 
strictttrcs,  mcbt  symTnetrically  disposed  on 
the  brauclics  of  the  campanularicc  i  we  see 
them  on  the  minutest  divisions  of  the  an- 
t(  mitdarla',  and  on  these  ttdjithrria,  where 

they  produce  transverse  markings,  like 
the  divisions  of  the  larj-nx.  In  these  con* 
stricted  parts,  how  ever,  there  is  no  waut 
of  cuntiuuity  either  in  the  contained  soft 
'fleshy  matter,  or  in  the  enveloping  horny 
axis— no  true  joint.  In  the  eeUaria  tMda^ 
the  lower  branches  of  the  stem  rcgnlarly 
drop  off  at  these  apparent  joints,  and  thus 
always  leave  a  large  portion  of  the  stem 
naked  ;  in  the  adult  state  the  upper  part 
only  of  this  stem  presents  a  series  of 
ranuiicutions,  which,  however,  were  de- 
veloped from  every  part  of  the  stem  du]> 
ing  its  g^rowth.  In<lcod,  the  j)hcnomcna 
of  the  circulation,  long  since  pointed  out 
by  Cavolini,  in  many  of  the  terMarue 
which  have  this  jointed  appearance,  show- 
ctl  that  there  was  no  interruption  t(j  the 
continuous  central  cavity  pasi»iug  through 
the  fleshy  portion  of  their  stem  and 
fcranchcs.  These  apparent  articulations 
increase  the  flexiUlity  of  the  whole  axis, 
«nd  allow  tbc  contaitied  fleshy  snbi^ce  to 
produce,  more  easily,  developments  from 
tender  parts  of  the  homy  covering.  The 
calcareous  spictila  in  the  fleshy  crust  of  (for- 
fM&t,  like  thoae  of  the  generu  texture»«ii4 


on  the  surface  of  the  pol}rpi  of  fo5ii2anf«,  i 
not  articulated  together,  and  do  not  com« 
I)osc  the  frame-work  of,  or  give  form  to, 
the  whole  body.  Between  the  several  cal- 
careons  jtAnU  of  the  we  perceive  that 
the  !)lack-cc!omed  cListichorin  .-nbstance 
which  connects  thwe  calcified  portions 
together,  is  formed  by  successive  deposi* 
tionst  in  the  same  manner  as  the  solid  cal« 
cnroftus  snbs'tancc  itself.  They  are  formed 
at  first  of  a  lengthened  narrow  portion  of 
soft  tnnsbieent  homogeneous  sitf)stBiiee» 
which  becomes  gradually  reinforced  hy 
the  successive  deposition  of  new  layers, 
and  those  keep  pace  with  the  increasing 
strength  and  weight  of  Oie  parts  oi  the 
skeleton  that  they  have  to  connect  and 
support.  They  permanently  retain,  how- 
ever, suflkient  elasticity,  notwithetaading 
the  numerous  coats  of  which  they  consist, 
the  numerous  concentric  layers  which 
compose  them,  to  allow  of  tlie  necessary 
mothms  of  these  animals  in  the  living 
state.  TTiese  elastic  parts  are  only  im- 
calcified  porUoas  of  the  animal  n^^tter, 
resembling  a  condensed  mncous  tecretloa 
or  coagulated  albumen,  which  i)ermeatea 
all  parts  of  the  solid  calcareous  joints. 

The  acakpha,  like  tlie  poliignstrica^  hav- 
ing a  soft  gelatinous  texture  of  the  whole 
body,  are  destitute  of  ai-ticulations  and 
ligaments,  and  even  the  thin  calcareous 
laroins  of  the  porpita  and  velelSs  are  with- 
out joints.  We  have  seen  that  the  skele- 
ton is  more  solid,  and  consists  of  nume- 
rous pieces,  in  the  ccAtnodertHa,  and  these 
pieees,  placed  on  the  surface,  aregenerallir 
moveable  on  each  other,  and  present  nu- 
merous and  complex  forms  of  articular 
tions.  This  greater  perfection  in  tiie  arU- 
culations  of  the  echinoderma  corresponds 
however  with  the  higher  degree  of  or- 
ganization in  the  interior  of  the  body. 
We  perceive  that  the  parts  of  the  shells  of 
the  €c?ilniiJa  are  firmly  connected  with 
each  other,  both  in  the  recent  and  dried 
state.  We  find  that  even  after  considers* 
blc  macenation  tbey  remain  in  connexion, 
yet  they  must  grow  by  depositions  around 
all  their  margins  -  grow  supcrhcially,  lato- 
rally,  and  in  every  direction.  They  ap- 
pear to  be  thus  held  in  connexion,  not 
only  by  the  connecting  secreting  auiuiai 
matter  that  served  for  their  growth  boA 
repair,  but  by  that  quantity  of  the  car- 
bonate and  phosphate  of  lime  which  the 
enveloping  animal  matter  itself  contained. 
In  the  yonng  animals  those  portions  are 
more  easily  detached  from  each  other, 
where  the  secreting  animal  matter  is 
gi  cater  in  proportion  to  ^e  quantity  of 
&e  solid  earthy  materials.  In  the  osse- 
ous parts  of  the  mouth  of  those  animal^ 
we  find  articulations  much  more  move- 
able and  cfloipikated  in  auchpcatioais  of 
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the  «kelet6n  as  serve  to  connect  the  al- '  passes  upwards  through  the  whole  axisj 
veoli  of  the  teeth  with  the  solid  parts  of  isometuues  it  is  confiiicd  to  the  ba»e..ia 
ihe  «1iell$  the  internal  oral  laminae  that  the  cidarcs,  where  the  portion  tonrardt 

rise  uyi  from  the  inferior  circiilnr  orifice '  the  ba«r,  which  is  lirnnoi^eneous  and  not 
for  the  teetii,  support  the  muticluii  and  laminated,  does  not  gio^viu  the  same  man^ 


ligHiraiiis.  Tile  nott  complex  Ibrm  of 

the  articulations  which  we  meet  with, 
however,  in  those  animals,  is  in  those  ex 


nor  with  the  ponton  fiiBt  ia  kmkniodaiid 

exterior.  They  are  here  connected  in  this 

manner  cbi' fly  by  the  muscular  fibres. 


texior  moveable  spines  which  serve  the ,  £u  that  there  are  several  means  of  con- 
— iniuli  for  progressive  motion,  and  as  nexion  in  these  joints  of  the  edmiida* 
a  means  of  defence.  In  the  echinida  we  In  the  astcridOf  akso^  ligaments  arc  di«?- 
lobaarve-  the  wud'ace  of  the  «heU  to  be  stud- ,  tiactly  seen  to  ooanect  together  the 
Jod  wHIi  mmietans  titaxlM,  ditposed  movoMle  aogniBBtvof  thetlceicton.  Tbntt 
•Iwth  upon  the  ambulacral  and  the  tuber- [are  most  apparent  in  the  larger  species 
cnlar  plates.  The  e.xterior  of  the  ha«o  of  the  astcrias.  Some  of  those  parts,  how- 
of  those  tubercles  surromuieU  wiih  aii  ever,  are  distinctly  connected  aUo  by  mus- 
MtaUe  secreting  capsole,  whioh  posses  |  cular  fibres.  The  fibres  are  already  ^Uo» 
.upwanls  over  the  spine,  nncl  covers  ever}'  tinctly  developed;  and  the  -nlar 
^ax-t  of  tbeskeletolu  The  figure  before  you  |  system  docs  not  here  exist  in  that  loose 
S'opi'osen*s<heooain>mechm—  esculOTtua,  [  boMogeneoms  state  whicb  we  find  it  to 
ami  you  will  ^serve,  that  at  the  base  of  |  present  in  lower  forms  of  organisation. 
aU  those  e.xterior  spines  there  is  a  concave  The  enveloping  soft  parts  which  have 
surface  which  receives  the  round  head  of  served  to  connect  the  solid  pieces  ol  the 


A»  iuterale.  There  is  here  no  distinct 

ligament,  cither  capsular  or  round,  solely 
appropriated  to  maintain  this  joint  in  con- 
lanetian ;  hut  the  fleshy  parbiwhkh  is- en* 
ployed  to  secrete.tha  ealearaous  substance 
itself,  and  the  strong  mnscniur  fif>re3  em- 
fdoyed  to  move  it,  are  the  parts  wJiich 
'■eroe  also  as  the  n^as  of  <xmnMclon  of 
those  parts  with  each  other.  There  are 
distinct  and  strcmg  muscidar  .filues  pass- 
ing from  aroond  the  hnm  of  ^e  epine  to 
Ihe  exterior  part  of  the  base  of  the  tu- 
■bercle.  Those  radiating  muscles  !iiove  the 
j^^e  iu  ail  dii-ectious,  and  wun  couiii- 
tiawJile  force,  and  secure  the  asticnlation, 
so  that  the  animal  can  raise  its  whole 
uraight  upon  those  sleiuier  spines,  in 
iMnne  oltkeediiidda,  howavBr,.atShe  base 
of  the  spine  is  a  deep-depression,  with  a 
central  pcrforntion,  which  extends  up- 
wards from  the  coucavc  surface  of  the 
articulatian.  .and  *ittto  that  perftralion'is 
imerted  a  round  ligament,  which  passes 
^wn,  and  is  inserted  into  a  similar  per- 
iovation  in  (he  head  of  ^  snbjaoMit  tu- 
Jbenda.  That  ehanictcr  you  observe  in 
these  specimens  of  iheeidarm  ^  iti^^,  in  fact, 
a  distinctive  ciiaracter  of  their  genus ; 
'Pou^iae  tham  in  the  yalswpas  also.  Heie 
then  is  an  articulation  very  ?;ccnrc!y 
provided  with  media  of  comiexion  by 
thfee  different  saodes ;  yet  it  isnotobvioiis 
■that  any  of  them  are  solely  desigaad  to 
hold  the  joint,  to  retain  the  parts  in  con> 
nasion  witli  each  other.  Tbee&t^or  layer, 
/«r.iha«eefwringwih#aBce^j(which  inaome 
doc":  uot  appear  to  pass  over  the  whole 
surface  of  the  spines  where  the  concentric 


'laminee  diverg&up^Mards  to  the.  sides  of  the 
spines,)  in  Uum  spears  to  be  destined 

•principally  to  secrete  that  central  homo- 

.fsaeous  pait«f  the  spioe  wiu&h  souoetiiaes  Lwben .  it  .develops  m  a  onoie 

P  2 


skeleton  together  -in  fha  numetOBS  sav 

markable  criuoideaj  appear  to  hare  been 
somewhat  similar  to  that  secreting  liesb 
which  sarres  to  oonnect  the  parts -of  the 

shells  of  the  ecliinida.  'Jftose  innumerable 
joints  meet  together  generally  by  flat  snr- 
iaces,  and  they  were  individually  niuve- 
aUe  to  a  slight  eacteat.  in  the  plates  of 
the  crinoidecr,  as  \vc  see  from  the  existing 
Em-opean  species,  the  aiticulstions  MS 
not  rounded  -so  as  'to  meet  mth  other  by 
ball-and-socket  joints,  but  allow  of  mov 
tions  only  by  the  interposed  and  exterior 
secreting  capsule  or  general  deshy  cover- 
ing. 

h\  the  articulated  classes  of  animals, 
tlie  parts  of  the  skeleton  are  held  iu  ooar 
nexion,  not  by  distinct  ligaments  passing 
from  one  segment  or  part  of  the  she* 
leton  to  another,  but  by  an  uncalcified  or 
unconsolidated  portion  of  the  general  cUf 
tioolai'  integmnant.  In*  the  pi-fanitive 
soft  conditions  of  the  skeletons  of  those 
higher  articulated  animals,  they  arc  ana- 
logous to  the  permanently  soft  cntaneoin 
skeletons  which  we  see  eovaring  the  sur- 
face of  the  intestinal  worms.  There  is 
already  suifictent  elasticity  in  these 
eovarings*  of  tiie  wonns  to  admit  of  the 
necessary  motions  without  joints  ;  but 
when  this  exterior  elastic  homogeneous 
integument,  so  obvious  in  Ae  tutcaris,  be* 
eomea  move  dense  hi  its  teatnue,  we  ob- 
sei've  that  uniform  and  rep^lar  parts  of  it, 
— placed  at  determinate  distances,  which 
vary- with  the  epaoieat  but  whidr  are  eon^ 
slant  in  the  same  species, — remain  per- 
maneTitly  soft,  and  form  joints  for  mo- 
tion of  the  trunk.  The  progress  of  deve- 
Upment  In  -"the  articiUata  is  often  to 
contract   the   whole    body   in  length. 
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degree  trandveneif,  or  developi  appen*' 
dicM.    We  thpn  jirrceive  that  one  part 
of  the  body  passes,  or  is  drawn,  witbia 
another,  preaenting  thus,  in  iti  adiilt  con- ' 
solidatcd  state,  an  imbricated  ai)pcarance.  ^ 
When  we  attpinpt  to  draw  those  jjortions 
of  the  trunk  out  in  a  straight  line,  we  are 
Opposed  by  the  very  strong  muscles,  which  ' 
have  assumed  a  shorter  form,  proportioned  ' 
to  the  contracted  condition  of  the  seg- 1 
nents  vhidi  they  were  designed  to  move.  \ 
Bnt  remoinng  those  strong  nmsodar  fibres , 
we  can  draw  out  the  whole,  and  pass  from 
one  division  smoothly  to  another,  and  we ; 
find  that  in  this  extended  state  the  ske- 
leton has  regularly  disposr  l  pnrts,  where 
the  calcareous  or  consolidating  matter  has  * 
not  been  depomted.  Titese  alternate  soft ! 
rings  have  been  left  freely  moveable,  j 
Taking  off  those  exterior  uncalcified  por- ' 
tions  of  the  integument,  you  find  no  other  ' 
ligament  connecting  the  j<rfnts  to  each  I 
other.    The  articulations,  where  they  are 
most  distinctly  and  pow^ully  developed,  i 
as  in  the  I^i,  are  held  together  not  by 
ligaments  hat  by  the  structure  and  forms 
of  the  solid  parts  thein^'oh  cs  composing 
these  complex  articulations. 

We  sometimes  perceive,  especially  in 
the  joints  of  tho  Irp:-,  n  ball  on  the  one 
portion,  so  surrounded  by  the  contiguous 
scgmeirt  of  the  member,  that  it  admits  of 
free  and  seem  c  motion,  whethw  we  allow 
the  soft  uncalcified  poitioti  of  the  skin  to 
remain  on  the  joint  or  not.  This  gives 
great  secority  to  the  articulations  in  co- 
leopterous insects  and  in  crnstacea,  where 
it  is  thus  solid,  but  at  the  same  time  the 
direction  of  motion  in  those  articulations 
ii  always  extremely  limited :  they  are  ex- 
nm^iles  of  the  ginglymoid  articulations, 
which  wc  sec  so  common  in  the  skeletons 
of  the  vertebrate,  admitting  only  of  flexion 
and  extension  in  one  direction,  like  a 
hiuge.  We  find  an  approach  to  this  gin- 
glymoid  form  of  articttlation  even  in  the 
helminthoid  classes  of  articulated  ani- 
mals. The  ]K)rtion8  of  the  lateral  ]n\v^  of 
the  rotiferous  animals,  or  w^beel-unimai- 
enlcs,  move  apparcntiy  on  each  otiier  by 
a  similar  arrangement,  or  in  one  entire 
piece.  In  the  cirrliopods,  as  in  the  ento- 
niostraceous  Crustacea,  we  observe  articu- 
lations both  in  the  parts  of  the  skeleton 
that  iiniiMvliatcly  encompass  tlif  body  of 
the  couiamed  axticulated  annual,  and  in 
«he  portion  of  the  exterior  calcareons  shell 
itself.  The  shclh  rliat  cover  this  articu- 
lated animal  arc  composed  of  pieces  united 
together  by  a  tough  moveable  membrane, 
WM  whidi  grow,  like  the  tough  ligamen- 
tous «nh«tance,  by  deposition  from  a 
ilushy  lining  within,  analogous  to  tho 
jnaatie  vidch  we  see  in  moat  moUnsca, 
M  that  the  ligament  conespondi  in  growth 


with  the  growth  of  the  wh<Ae  exterfoir 

skeleton.  This  we  see  hy  comparing  the 
forms  of  the  young  with  those  of  the  adult 
aninnds.  It  would  appear  as  if  there  were 
a  solution  of  continuity  between  these 
ligaments  and  the  shells  of  the  anatifa  at 
the  period  of  deposition  or  excretion  of 
each  fresh  layer  of  the  connecting  epi^ 
drrmic  or  lip^mentous  substance.  The 
pieces  of  the  shell  are  not  connected 
merely  l>y  the  fleshy  secreting  mantles 
The  conn(rriiit<  ligamentous  substance  is 
a  darker  and  tongher  su])stance  upon  the 
exterior,  which  appears  to  be  removed  or 
loosened  at  the  margin,  both  to  give  place 
to  the  fresh  layer  to  hv  atldrd  to  thr  inner 
surface  of  these  ligaments,  and  to  the 
fresh  layers  to  be  added  to  the  interior  of 
the  shell  itself.  Those  partSf  which  are,  iu 
fact,  analogous,  grow  according  to  the 
same  process  as  the  ligaments  of  the 
oonchifera  grow  by,  and  Increase  as  the 
alve  shells  to  which  they  are  attached 
grow  and  increase.  They  increase  alike, 
by  the  deposition  of  layer  after  layer  to 
their  inner  surfsoea,  and  the  last  deposited 
or  newest  layers  of  the  ligaments  have 
always  more  softness  and  elasticity  than 
the  older  stiff  decayed  layers,  which  gone- 
rally  exfoliate  and  wear  awEy.  In  the 
annelida,  where  the  segments  not  only  of 
the  trunk,  but  in  some  also  of  the  legs, 
are  becoming  oonsolidated,  the  distinetton 
between  thorn  and  the  intervening,  con- 
necting, unconsolidated,  ligamentous  j>or- 
tion  of  the  cuticle,  is  already  seen ;  and,  in> 
deed,  the  siruploat  form  of  ligaments  con- 
sists only  of  a  modification  of  the  excreted 
superficial  epidermis,  or  of  the  cutis,  or  of 
the  general  cellular  tissue  of  the  body,  the 
skeleton  in  the  lower  trihrs  consisting  of 
mineral  matter  deposited  on  the  surtace, 
and,  in  the  higher  claMes,  of  the  sane 
niinei-al  matter-,  deposited  in  the  interior 
of  the  cellular  ti.isue  of  the  body. 

This  mode  of  connexion  between  the 
denser  parts  in  the  belminthoid  articii- 
lata,  is  seen  also  in  the  myriapods,  in  the 
ifuecta,  iu  the  arachnidaf  and  in  the  ertiM- 
tacea ;  for  all  those  vaiy  only,  in  regard 
to  their  Ugamenfons  connexions,  in  the 
density  of  the  substances  composing  the 
skeleton,  and  the  forms  of  the  variotis  ar- 
ticulations. The  intermediate  part  of  that 
integument  retains  the  ^nmp  soft,  flexible, 
elastic  character.  '1  his  mode  of  articula- 
tion you  perceive  not  only  oonneots  the 
parts  that  envelop  the  trunk  of  the  body, 
but  it  serves  also  to  connect  the  stparntc 
rings  which  encompass  the  appendices. 
Even  the  antenna;  themsdves  are  our- 
rounded  by  rings  which  move  upon  each 
other  by  an  un'^lcified  portion  of  the  epi- 
dermic integument.  In  tbrovnng  off  die 
sbeUsy  those  animals  throw  off  tUe  exte« 
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rior  toft  connecting  uncalcified  layer,  and  ;  by  depotition  of  layer  after  layer  on  the 
wbtch  assists,  indeed,  by  its  rapid  decay,  ia .  iutowr  mirfBce.  They  are  connected  to- 
breaking  asunder  those  constricted  por- 1  gether—thc  eight  pieces  of  the  chitons,  for 
tions  Winch  the  animals  have  sometimes  |  exati)!>lr,  that  covor  the  body  from  before 
such  ditncuity  in  extricating  tiiemselveS|back\vai-ds  — these  trauiiverse  plates  cover- 
finuD*  ing  tiieni  acron  from  right  to  left>  are 

,  „  ,  connected  together  by  a  tough  c\'*rriv:\s- 

in  the  tnonusconfl  classes  of  animals ...k.;-„«„  J?i.;^k 


,  ,  ^     .    ^         ^,  t    /•    I  cular  coriaceous  substancoi  which  is  se- 

le  skeleton  is  freqnently  com  posed  of  a  ^^^^^        the  exterior  of  the  fleshy  man- 

ngle  i)ie<  r  ^,ul  m  that  case  there  is  no '  ^j^,^  ^  the  shelU 


tlicTnselvps.    Tliey  fonsist  mero!  \"  of  per- 


IS  no  ligament  connecting  the  body  of  the  ^^^^^     .^^^^  ^^^^^^  coagulated  aibun.mous 
animal  to  the  shell.    But  where  the  shell  ^hj^,^ 
18  divided,  as  in  the  bivalves  and  multi-  permeates  and  serves  to  consolidate  the 
viaves,  xve  observe  parts  oonnecttng  those  f^j,^,^  ^^^^  ^  ^^^^  .^eUs.  In  the 
calcareous  pieces  together,  which  are '        ^j^j,  ^^^^^ 

compared  to  bgament.    They  appeiir  to  '  ^^j^     ^.^^^i^.^  ^^^j  substances,  or  to. 

have  an  ongm  simUar  to  that  of  the  so.  portions  of  crn.ve]  and  shells  to  the  sur- 
naned  epidermis,  and  to  that  barbed  fila-  ^^^^  ^^,^^1  ^^j.  concealment.  In 

Bwntous  covenng  wl. u  h  we  see  [^cqTicntly  ^j,^  wae*t/««i  the  ligament  ties  the  valvea 
ejtending  from  the  surface  of  the  shells ;  ^     t,^^  ^         elasticity  tends  to 

Cf  the  i>M>lln«oiis  clsases.  We  see,  in^^^^^  ^^^^^  open,  an<l  is  thus  the  antago- 
many  of  these  barbed  shells,  at  the  termi-  adductor  musdei  of 

.     k  '^'^'^'^f  ^r^,  ^1^^*  valves.   The  ligamentous  threads  forming 

^weare  toiigh  hlaments  left  projecting [jj^^  ^yssus,  toTomicct  tho  more  exposed 
from  the  surface  of  the  shell,  which  them-     u.c  ,nore  dciicate  bivalves  to  rocks,  are 


selves  contain  no  calcr. i  cons  inattcr,  but 
only  the  excreted  tough  animal  matter 
that  pervades  all  the  solid  texture  of  the 
shell ;  that  they  consist  solely  of  that  ex- 
ndcd  animal  matter  separate  from  the  cal- 
careous, it  is  this  which  forms  also  the 
exterior  varnish  called  commonly  the  epi- 
dermis, for  there  is  obviously  no  other 
means  of  its  formation  or  extension  over 
the  Buifacc  of  the  bivalved  shells,  but  by 
liaving  inch  an  origin  and  such  a  mode 
of  growth.  The  ligaments  which  connect 
the  valves  together  have  a  similar  origin, 
composition,  and  mode  of  growth.  T%ey 
are  exuded  from  the  Burface  of  the  man- 
tle, the  exterior  fleshy,  secreting,  enve- 
loping, substance  of  the  body  of  the  en- 
closed animal,  as  is  also  the  shell  itvelf ; 
but  al!  the  con"iolidatcd  t  of  the  gene- 
ral exudation,  to  be  employed  for  the  pro- 
tecCion  of  the  body,  is  strengthened  by  a 
copious  dej)osition  of  calcareous  matter 


secreted  in  a  fluid  state  by  a  gland  at  the 

base  of  the  foot,  and  the  grooved  foot  con- 
veys that  secretion  outwards  to  be  fixed 
on  the  extraneous  body,  and  to  iie  conso* 
lidated  by  the  influence  of  the  surround- 
iug  clement- the  sea.  The  operculum  of 
most  of  the  gasteropoda  is  of  a  homy  or 
albuminous  nature,  an^is  formefl  by  a  de- 
position of  successive  layers,  from  the 
fleshy  substance  of  the  foot  to  which  it 
adheres,  as  the  retractor  muscle  adheres 
to  the  columella  of  the  shell.  From  the 
mode  of  attachment  of  the  semicii*cnlar 
opercuia  of  the  nerites  to  the  foot,  they 
appear  as  If  they  were  articulated  to  the 
lip  of  the  shell.  The  eplphragma,  by  which 
the  aperture  of  the  helices  is,  during  the 
winter,  plastered  over,  adheres  not  to  the 
foot  but  to  the  shell,  as  it  is  Nvithout  mo- 
tion or  articulation.  There  is  no  opercu- 
lum or  articulated  pieces  in  the  shells  of 
jjieropoda  or  of  etphalopoda.  The  whole 


Kumerous   species    of    the   molluscous  shells  of  the  pteropods  are  thin,  clastic, 

and  trau8)>arent,  and  almost  destitute  oi 


classes  have  no  calcareous  matter  at  all 
in  their  whole  body ;  the  ligament  is  only 
an  uncalcified  portion  of  the  fpidermis. 
Tliose  expanded,  soft,  elastic  substances, 
which  we  see  forming  tufts,  or  barbs,  or 
bristles,  on  the  surface  of  shells,  are  form- 
ed, like  the  shell  itself,  by  cxiulationa  from 
the  smface  of  the  mautie,  layer  after 

layer. 

In  the  multivalvea,  tncli  aa  we  see  in 

the  chitons,  the  iiholadcs,  and  several 
others,  the  exterior  of  the  body  is  covert 
ivith  cakareoos  shells,  whli^  are  con- 
stantly growing,  according  to  the  growth 
of  the  l>ody;  and  those  solid  pieces,  as 


lime,  as  in  the  delicate  shells  of  the  mi- 
nutest existing  testaceous  ce]jhalopo<]s, 
and  the  pieces  of  the  internal  organizeil 
skeleton  of  the  cephalopods  are  connected 
together  hy  their  thin,  soft,  cartilaginoua 
I  margins  prolonged, — the  simplest  mode  of 
union  which  we  see  in  the  embi  }  o  condi- 
tion of  the  elements  of  the  buuian  cranial, 
and  all  other  hones  of  the  skeleton.  The 
vertebral  cohnnn,  as  developed  in  the 
cephalopods,  is  so  thin,  soft,  and  flexible, 
as  to  require  no  divisions  or  arUoolations, 
or  transverse  separations  reiinirlag  liga- 
ments to  tie  them  together.    Their  strong 


well  wi  their  connecting  ligaments,  grow  1  mandibles  are  connected  by  the  powerful 
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mmdici  intcfrtod  into  fhem  for  their  mo- 

tioiis. 

In  the  lowest  of  the  cartilaginous  fishes, 
also  by  the  soft  texture  of  the  general 
skeleton,  sufficient  motion  is  allowed  in  all 
tlie  parts  without  the  interposition  of! 
joints.  There  are,  therefore,  almoet  no  I 
Irganients  perceived  in  those  skeletons.  | 
"Where,  howcvei-,  they  become  sufticiently 
consolidated,  then  we  perceive  ligaments 
connecting  the  solid  parts  together,  which 
iTTTsf  admit  of  motion  upon  each  other, 
especially  in  the  jaws  and  the  members 
fbr  progre»siYe  motion,  the  vaHoot  ftns. 
The  ligaments  connecting  the  ver  tebra*  of 
the  ossenn??  fishes  are  white,  fibrous,  and 
dense  in  their  texture  in  the  living  state, 
lliey  are  highly  elastic  and  strong,  and 
•we  obRrrve,  that  when  the  vcrtc1)ral  co- 
Inmn  is  bent  forcibly  by  the  exertion  of  all 
the  nniseles  which  are  disposed  in  strata 
■upon  one  side  of  the  body,  the  vertebral 
ligaments  assist  in  bringing  the  verte- 
bral column  forcibly  back  to  a  straiglit 
fine  by  this  property  of  elasticity.  The 
articulation^^  of  the  cranial  bones  of  f'  -l  • 
are,  for  the  most  piu^t,  by  squamous  modes 
of  union.  The  plates  composing  the  head 
meet  each  other,  pass  each  other,  and 
continue  to  grow  freely  by  all  their  edge;? 
tlirough  life.  They  admit,  also,  of  mo- 
tion upon  each  other  in  many  parts  in  the 
beads  of  fishes,  where  th"  bones  are  after- 
wards consolidated  together,  immoveably, 
in  higher  claases  oC  veitelnvta.  We  have 
aeen  tlmt  the  intermaxillar)'  bones,  and 
the  nppor  jaw  bones,  and  the  palatine 
bones,  admit  of  very  extensive  motion, 
and  these  are  conneeted  together  by  pretty 
dense  fihro- cartilaginous  membranes,  he- 
aidcs  their  muscular  attachments.  The 
ffgaments  geneimlly,  however,  are  of  a 
softer  consistence  than  in  the  higher  ver- 
tehrata.  We  perceiAe  the  effect  of  hot 
water  in  dissolving  all  the  ligamentous 
connexions  of  the  hones  in  fishes,  to  be 
rrnich  more  rapid  than  in  the  articulations 
of  any  of  the  higher  classes.  The  elasti- 
city even  of  the  bones  of  osseous  Hshes 
allows  of  some  motion  in  parts  without 
fllstiiict  jointH.  We  hnve  few  examples  of 
bail  and  socket-joints  with  synovial  cap- 
sules, or  of  other  complex  forms  of  arti- 
culations in  fishes.  Tlic  hones  that  are 
moveable  upon  each  other,  as  in  the  ex  - 
tremities generally,  are  connected  to  each 
ether  by  a  tough  cartilaginous  substance 
5r  f  "rf)ose<l  between  ami  connected  around 
the  extremities  of  the  joints.  It  has 
aearcely  yet  assumed  the  fDrm  of  a  dense 
Jihro-carti!ai»inous  substance ;  that  ap- 
pears to  he  a  form  of  the  connecting  liga- 
ment^i  developed  chiefly  in  higher  vcrte- 
hrated  animals,  and  is  the  most  common 
coniieetiBgfttbstaBeeintiiehighestanhnais. 


Tlie  interposed  tough,  clastic,  filiro- 
caitiiaginous  substance,  which  'we  And 
between  the  bodies  of  most  of  the  ver- 
tebrae in  quadrupeds,  we  And  to  be  SBb»* 
stituted  in  the  cold-blooded  oviparous 
reptiles,  by  distinct  moveable  artioola- 
tions  or  enartbroeei  tietween  the  bodies  of 
the  vertebra^  themseh  es,  which  play  freely 
on  each  other.  Tliia  is  tlie  case  with  all 
the  orders  of  reptiles;  it  is  the  case  aim 
with  the  A d  tebrac  of  birds,  particularly  ia 
the  region  of  the  neck.  It  is  even  the 
case  with  the  adult  anurous  amphibious 
animals;  but  in  the  fishes  the  interposed 
substance  of  the  vertebral  column  consists 
of  a  semi-fluid  substance,  tenacoous,  and 
coutaiucd  ia  a  very  dense  capsule,  which 
it  fills  to  a  considerable  degree  of  tense- 
ness. This  separates,  by  its  convexity,  the 
hollow  bodies  of  the  vei'tebne,  a  lit^ 
irom  each  other,  so  that  they  possess  a 
great  degree  of  pliancy  and  elasticity  be- 
tween the  component  vertebra?  of  the  co- 
iunm.  i  loai  the  tensenu^^,  elasticity,  and 
smooth  oonr^ty  of  these  interposed  balls,, 
n  much  grc  -r?!  degree  of  pliability  and 
extent  of  motion  is  given  to  the  whole 
vertebral  column  than  where  the  flat 
bodies  are  fixed  to  each  other  by  an  Iop 
terjjcsc  I,  el  istic,  fibro-cartilage,  as  la 
mauiuialia ;  or  ball  and  socket  articulation^ 
as  in  reptiles.  And  this  fish-Iike  form  of  tha 
intervertebral  articulations  is  seen  in  the 
percuuibranchiate  amphibia,  which,  how- 
ever, are  wdl  known  to  have  a  tripartite 
heart,  as  the  adults  of  the  anurous  speciea. 
This  pliable  hut  fo(.'I)le  form  of  these  articu- 
lations belonged  also  to  the  huge  fish-like 
ichtkjfMtmrij  but  is  not  adapted  for  land 
forms  of  vcrtehrata.  These  articulations 
in  the  tadpoles  arc  metamoq)hosed  gra- 
dually by  the  oisification  and  anchylosis 
of  the  interposed  elastic  substance,  ori- 
ginally filling  the  two  cnp-likc  cavities. 
More  perfect  sutures  and  firmer  articula- 
tions are  established  in  the  craniad  bonea 
of  the  amphibia  than  in  fishes,  eypcclally 
in  the  bones  immediately  encompassing 
the  brain.  Tliere  is  no  interarticular  car- 
tilage in  the  articulation  of  the  lower  jawy 
nor  lij^amentum  teres  in  that  of  the  thii^h- 
bone,  but  the  heads  of  the  long  bones  arc 
already  oovored  with  smooth  cartilage,  are 
lubricated  with  synovia,  and  are  sur* 
rounded  with  strong  ca})sular  ligamcnt^i. 

In  the  reptiles  w  e  ali  eady  obscr\  c  most 
of  those  complex  forms  of  thearticulatioos 
which  arc  most  comninnly  and  mosf  per- 
fectly developed  in  the  mammalia.  The 
capsidar  ligaments  hero  serve  by  thahr 
greater  strength  and  elasticity,  and  by 
their  exterior  ligamentona  bands,  to  con- 
nect the  joints  where  many  of  the  inter- 
posed cartilages  and  UgamoBils  tvilhte 
the  jointly  whiah  art  mad  toparfeat, 
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I,  and  to  protect  the  urtieula- 

tions  of,  wann-T)loo(led  ariimals,  are  still 
vranting.  The  vertebi-ac  still  uoiie  by 
•MrMrofir;  Hieir  artieidsr  ivroensM  have 

their  synovial  capsules,  and  their  spinous 
proc«S9CS  are  connected  by  their  inter- 
js}iinal  ligauiL-iit  .  The  lower  jaw  is  with* 
oatinterartit  Lil  u  cartilages^aadthe  tcethin 
the  more  elevated  sp'H  "r's  are  articulated 
by  complete  gomphojus.  The  articulai- 
«aviii«tsr«  Iah  deepenftd  by  cartilaginous 
margins,  the  internal  loose  cartilage»  of 
the  joints  are  more  rai'c,  the  exterior  lig:a- 
mentous  bands  arc  more  simple  in  theii- 
amngeamitSy  and  there  arc  fewer  im- 
movpnMe  synarthroses  in  the  skeletons  of 
reptiles  ilmn  of  birds  and  mammalia. 

In  the  class  of  birds  where  tlio  nrticnla- 
tioiis  generally  admit  of  much  greater  ex- 
teat  <^  motion,  especially  in  all  the  bones  of 
the  neck  and  the  extremities,  wc  observe 
the  capsular  ligaments  to  be  of  a  very  dense 
texture,  thin  in  tiidr  parietes,  and  that 
they  are  lubricated  internally  by  a  very 
copious  socrotion  of  synovia.  It  is  greater 
here  in  (quantity  than  we  find  this  oily 
aecretion  to  be  in  any  other  class ;  greater 
than  it  is  even  in  tlic  mammaHa.  This  is 
obviously  required  in  birds  on  account  of 
the  high  temperature  of  their  body;  on 
account  of  the  rapid  consumption  of  that 
oily  material  in  the  violent  and  long-con- 
tinued motions  of  the  joints.  Most  of  the 
tuturesof  the  bead  hare  disappeared  by 
early  anchylosis,  but  each  end  of  the  tym- 
panic bone  is  enveloped  with  a  synovial 
capsule,  and  most  of  the  vertebrae  through- 
out the  oduran  have  their  bodies  united 
l)y  most  moveable  and  secure  enarthroses. 
From  there  beiug  less  pressure  exerted 
upon  the  joints  in  biidt,  than  what  is  ob- 
served in  the  n)ore  hulky  mammalia,  we 
perceive  less  of  that  cai'tilaginous  clastic 
covering  of  the  ends  of  the  long  bones 
which  meet  each  other,  than  we  see  in 
the  massive  joints  of  quadrupeds.  From 
the  comparative  smaUness  and  lightness 
<if  the  head  of  oviparous  animals  general- 
ly, whether  cold  or  warm-blooded,  we  do 
not  find  those  strong  ligaujcuts  which  we 
observe  in  the  mammalia,  passmg  down 
from  the  protuberance  of  the  occipital 
hone,  to  be  attached  along  the  spinous 
processes  of  the  dorsal  vertebra,  and 
throQghout  nearly  the  whole  of  the  verte- 
bral column.  These  ligaments  of  support 
are  but  small  h\  birds  compared  with  those 
of  the  nmmmaiia.  The  mammalia  them- 
aelvei  diliinr  very  much  in  the  strength  of 
those  lig^aments,  from  the  great  difference 
in  the  weight  of  the  bead  which  they  have 
to  support. 

In  the  avticnlatioaa  of  the  banet  of 
qnadrapais,  wt  ubeeiv»thft  gimtnit  ta« 


I  Tiety  in  the  texture  and  properties  of  the 

'  connecting  ligaments  and  cartilages,  the 
most  perfect  adjustment  of  these  to  limit 
and  direct  the  foitended  movement  of  each 
part,  and  the  grcate^st  difTerences,  accord- 
ing to  the  \arious  Ii\ing  lj:ibits  o!"  the 
species.  The  thick,  elastic  layer  of  til)ro- 
cartilage  interposed  between  the  flat 
bodies  of  the  vcrtebrx,  is  the  nio  l?  of 
articulation  which  best  cotriesponds  with 
the  strong,  limited,  and  slow  motions  re* 
quired  in  that  region  of  the  skcletnn.  Tlie 
form  and  structure  of  the  ;\!  ticulntions 
var)'  in  the  herbivorous  and  carnivorous 
species.  The  heavy-headed  herbivorous 
()uadrui)C(ls  have  the  ligamentnm  nuchcr, 
which  is  so  small  in  the  human  body,  of 
gi'eat  size  and'  strength,  extending  from 
the  oodpital  protuberance  along  the  spin** 
ous  processes  of  tlie  dorsal  and  all  the 
succeeding  vertebne,  to  the  coccygeal  i 
but  in  the  ligblhheaded  mMsoular  oarniva* 
rous  animals  that  ligament  is  ver\  small, 
aud  generally  extends  forward:!,  only  to  be 
attacliedto  the  large  spinous  process  of 
the  second  cervical  vertebra  or  axis.  In 
the  large  ])robo!<f  Jdi  ])achydenna,  and 
powerfid-horucd  ruuuuantia,  Uiis  ligar 
ment  is  very  stroi^  and  dbutic,  and  is 
attached  to  the  enlarged  rounded  ends  of 
the  qiinous  processes  of  the  dorsal  vertc* 
bne.  In  the  extremities  of  herfoivofous 
quadrupeds,  where  limited  and  secure  astir 
eolations  are  required,  the  ca])sular  liga- 
ments of  the  joints  are  les»  elastic  and. 
loose  than  in  tlie  eamivota,  where  greater 
freedom  and  extent  of  tnoLion  aie  re- 
quired, and  greater  force  of  action.  In 
the  feet  of  the  ruminantia  we  observe  very 
strong  trans\'erse  ligaments  passing  fittaa 
the  one  penultimate  phalanx  to  the  other, 
to  prevent  the  tearing  of  the  two  toes 
asunder  during  their  bounding  and  rapid 
iiiuvonients,  which  are  not  comjiatihle 
vvitli  the  movements  of  the  toes  of  tlic  car- 
nivorous species.  lu  the  iilow -moving 
pillars  of  the  eleplwnt,  the  rhinocei'OSi 
and  the  hippopotamus,  wc  fiud  no  //ya- 
menium  tere$  to  attach  the  head  of  the 
femur  to  tlie  botftoosof  the  cotyloid  cavityi 
nor  do  we  find  it  in  the  kangaroo,  the 
sloths,  or  the  nionotrema,  nor  in  the  sedate 
oraugb,  or  the  chimpaitxe,  winch  ko  luucia 
approaeh  tiie  httsaan  tatt. 


MiLK-DiBT. — ^The  diet  of  man  should 
be  so  varied,  that  it  may  yield  all  iheels^ 
mentary  principles  which  form  tho  brnnaii 
frame.  Milk  atone,  and  no  other  aimicnty 
contaiBsall  the  eknteufeary  prinoifiles  re* 
quired  for  the  restoration  of  the  waste, 
nourish  tn cut,  and  health,  of  the  hiimaa 
.  body,— Cameron.' t  New  2T*eory  qf  Diet^ 
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f  the  whole  of  the  teeth  take  a  new  form. 
I  Iti  the  habyrussa  yon  see  the  teeth  for 

defence  actually  approaching  tlic  eyes,  so 
bent,  that  the  animal  may  reach  its  abode 
in  journcyt  throngh  tM  tmdawood  of 
forests,  without  injury  to  the  organs  of 
sight.  In  sliort,  the  teeth  perform  a  great 
variely  of  offices,  and  occupy  a  great  va- 
riety of  pkoes  in  the  head.  Teeth,  or 
those  organs  which  perform  the  functions 
of  teeth,  are  ranged  behind  the  jaw,  on  the 
tongue,  and  In  the  stomach.  They  some- 
times, like  wires,  hold  the  prey  to  pre- 
vent its  retrocession;  the  hyena  cracks 
strong  bones  with  them,  and  with  them 
the  unlrtw  breaks  shells. 

These  various  adaptations  correspond 
i  with  the  design  of  the  whole  skeleton,  and 
Gemtlbmbk,  when  we  recollect  how .  thus  the  teeth  are  intimately  connected 
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much  Mr.  Hukter  attended  to  the  sub 
ject  of  the  teeth,  you  will  see  at  once  that 
this  is  a  topic  over  which  I  could  not  pass 
in  these  lecturer,  though,  from  the  difli- 
culty  of  ti'eating  it,  I  slinulrl  hv  well 
pleased  to  omit  it  altogether.    Somc  may 


with  the  strength  of  the  aniuial,  and  are 
indexes  to  its  disposition.  If,  on  the  other 
hand^  the  diisposition  he  observed,  it  will 
be  found  that  the  tee^  of  any  animal  are 
the  precise  iastnnncnts  wanted  by  it, — 
thus  becoming  as  appropriate  tools  as  the 


conceive  that  this  is  a  trifling  suhject,  j  instramcnt  of  the  carpenter,  the  joiner, 
but  it  is  an  item  in  my  brief  to  show  you  ;  the  smith,  or  the  brazier,  is  to  those  seve- 
that  such  is  not  the  case,  and  th;\t  somf^  of  ral  workmen. 

the  moiit  important  questions  in  piiysio-      Looking,  as  I  am  hound  to  do,  to  the 


logy  are  connected  with  and  arise  out  of  its 

CO :  i  si  1  oration. 

For  example :  Are  the  teeth  similar  to 
the  rest  vHm  bones  ?  Do  they  form  part 
of  the  skeleton?  Do  they,  indeed,  consist 
of  hone?  Are  ttioy  vascular  i*  Are  they 
subject  to  change,  to  absorption,  and  to 
growth  ?  Are  they  alive,  or  bow  are  those 
various  cha  ic:cs  produce<l  which  occur  in 
them,  and  tu  the  alveolar  processes  which 
support  them  ? 

There  are  other  views,  l>csifles  those  of 
their  structure,  which  I  might  take  nj). 
They  are  iustrumouts  curiously  formetl, 
and  admirably  acUpted  to  various  offices. 
1  neei  not  in  iition  thf  ir  use  in  the  human 
subject  as  instruments  of  speech  and  mas- 
tication. Their  functions  in  aohnals  are 
very  variou.?.  Carnivorous  animafai  nse 
them  for  tearini^;  in  the  praninivorous 
they  become  instruments  of  attiitiouj  m 
the  walmses  they  rather  Ikvour  looomo- 
tion  than  anything  else;  it  is  imagined 
that  the  walrus  employs  his  fangs  to  mount 
icebergs  and  rocks;  in  other  respects 
this  is  an  animal  which  moves  with  great 
difficult:'  n:ul  nv,-kwardnc89.  In  the  sus- 
ictbiopicus  they  assume  a  total  change  of 
form,  and  are  more  like  the  tooth  of  the 
hog,  of  great  strength,  rising  from  the 
mouth,  one  fang  supporting  another,  and 
indicatiug  more  than  ordinary  power  of 
Hie  jaw,  their  nse  being  twofold,— Ibr 
rooting  np  vegetable  food,  and  acting  as  aii 
instrument  of  defence,  so  that  it  is  equal 

to  oombit  with  (be  Uoii*  In  dogs,  ;igain, 


arrangement  formed  by  Mr.  Huntsb  on 
the  shelves  of  his  musctun,  I  find  some- 
thing yet  more  difficult  of  consideration 
than  the  teeth,  at  the  very  threshold.  Pre- 
vious to  the  teeth,  the  bills  of  biids  are 
l)Iaccd  by  him,  according  to  their  different 
purposes  of  bruiiiittg  and  tearing.  They 
arc  so  arranged,  also,  as  to  indicate  that 
Mr.  HuN'TEu  stndiril  the  bill,  both  in  re- 
lation to  the  external  covering  of  the  ani- 
mal and  its  internal  fiinctbn.  We  here 
obvionsly  find,  that  as  in  the  bill  there  is 
no  proper  organ  of  iittntion  or  bruis- 
ing, we  must  look  for  the  performance 
of  that  function  in  the  stomach;  that 
is,  the  bird  picks  up  materials  which  it 
deposits  in  the  stomach,  there  to  form,  as 
it  were,  teeth,  wliich,  though  loose  and 
fore^,  are  yet  under  the  action  of  the 
muscles  and  membrane  of  the  stomach, 
causing  the  food  to  undergo,  by  their 
roemis,  such  prccesses  as,  under  other  cir« 
cumsUmcc?,  are  performed  by  the  jaw. 
The  bill  also  has  a  relation  to  the  coveritig 
of  the  bird,  for  we  cannot  imagine  the 
existence  of  tibe  best  of  all  coats,  unlesi 
there  be  a  means  of  keeping  it  in  order, — 
a  bill  to  dress  the  plumage.  That  the  bill 
has  tnch  a  fancnon,  obviously  passed 
through  the  mind  of  Mr.  Hcntkr,  when 
placing  the  several  preparations  before  us 
in  his  museum.  He  has  in  this  depart- 
ment, also,  been  reflecting  on  other  si- 
milar  subjects  of  Interest,  but  of  threat 
ditticnity.  I  am  disposed  to  sktp  some  of 
them,  but  my  cqpBcfence  twit«  me  irlien^ 
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LECTURE  XXX. 

ON  THE  ORGANS  OF  MOTION  IN  THE  CY- ! 
CLO-KEUROSE  OR  R.U)1AT£D  CLASSES  ! 
OF  ANIMALS. 

Thi;  (lifTcicnt  part?  of  the  skeleton,  t  on- 
nccted  together  by  their  ligaments,  are  set 
ill  motion  by  the  muscular  system,  the  ir- 
ntaibiUty  of  which,  though  one  of  the  most 
COTTunoTi,  is  one  of  the  most  inexplicable 
and  important  properties  of  animal  matter. 
The  fibrous  •tructure  of  the  mnscular 
system  is  not  essential  to  Its  inltiihilitj', 
altliough  this  property  is  greatest  vvlierc 
that  structure  prevail.  These  irritable 
fibres  appear  to  consi^it  of  lineal  arrange- 
mcnts  of  globules  of  fibrino,  in  closest  ag- 
gregation whei'e  the  contractile  power  is 
greatert,  in  the  highest  animals,  their 
cohesion  being  least  in  the  lowest  tribes, 
where  all  lineal  order  is  at  length  totally 
lost,  and  the  flc&hys  ubstance  appears  as 
ahmnogeiieous,  8oft»  gelatinoiu  or  cellular 
substance.  There  arc  active  organs  of  mo- 
tion in  the  lowest  as  well  as  in  the  high- 
wt  animals,  aUko  subservient  to  the  va- 
rious functions  conncetctl  with  the  pre- 
servation of  tlie  individual,  and  the  con- 
tinuAQce  of  the  specit^s,  so  that  the  nms- 
cuhir  tystem  may  be  considered,  with 
re|»tion  to  the  fimctiont  to  which  it  is 
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subservient,  upon  the  same  plan  through- 
out the  whole  animal  kiogdom.  Each 

muscular  fibre  is  as  nnicli  a  separate  organ 
as  each  bundle  or  muscle,  and  ai>  thc>  are 
grouped  to  form  muscles,  the  muscles 
themselves  are  grouped  in  subordination 
to  the  great  functions  of  tlie  S)  stem, — for 
progressive  motion,  for  the  oxy£;enation  of 
the  fluids*  for  the  prehension  of  food, 
and  other  nccessai'v  movements,  more  or 
less  common  to  all  forms  of  animals,  and 
the  active  organs  of  motion  may  thus  be 
here  classified  and  examined  in  relation 
to  these  various  objects. 

Everywhere  we  sec  matter  in  motion, 
and  in  every  instance  we  are  equally  ig- 
norant of  its  cause ;  but  by  nmtiplled  ob- 
sei-vations  we  can  classify  these  motions, 
and  perceive  great  harmony  and  a  unity 
of  plan,  both  in  those  which  take  place 
among  masses  of  matter  at  va.st  distances, 
and  in  thoj»e  which  occur  among  par- 
ticles of  matter  at  distances  invisibly  ml« 
nute.  The  cessation  of  one  kind  of  move- 
ments is  but  the  beginning  of  another,  so 
that  there  is  no  pause  or  death  in  the 
economy  of  nature.  The  motions  which 
we  ascribe  to  lieat,  light,  cleetrieity,  mag- 
netism, \iLality,  and  similar  powers,  we 
arc  apt  to  imagine  we  have  e.\plaincd  hy 
this  reference,  without  seekinir  futber 
for  the  common  principle  whicli  must 
connect  the  whole,  and  thus  to  fancy 
the  laws  of  nature  as  ninltifarions  as  our 
crude  generalizations,  and  even  to  sup- 
|)Oi>c  her  Ia%\8  at  variance  with  each  other. 
In  the  cavities  of  many  ( l  y  i  tiu  re  is  an 
incessant  motion  of  elastic  fluids  arising 
from  cbaii  gcs  of  temperature.  In  the  cells 
of  many  plants  we  perceive  an  incessant 
circulation  of  a  fluid  conveying  irregular 
particlcs'witbout  any  contraction  of  the  pa- 
rictes  of  the  ceils  or  any  visible  cilia,  and 
which  are  ascribed  to  electrical  agency  or 
the  transmitting  properties  of  living  mem- 
branes, ii'luids  are  seen  moving  through 
the  inert  vessels  of  aoimalcnles  and  of  the 
ciliograde  acalepha,  without  any  apparent 
cause,  and  the  incessant  curreiits  tlnough 
the  canals  of  poriferous  animals  aic 
equally  unexplained.  But  the  motions  even 
of  visible  cilia  and  of  the  mmcukr  fibre 
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HMlf  mre  firoblenis  yet  muolved,  to  that  we  I  imagined,  tliat  the  appeanoioo  of  vilmtfle 


ar  t  qiK  Uy  tinncquainted  with  the  causes 
of  all  organic  movements,  although  we 
arrogate  to  oui*8clves  the  source  of  those 
whidi  are  uiaaBj'  accoiBpaiiiid  hy  'Oon« 

sciousness. 

Although  in  many  oi  the  iuvcrtcbratcd 
elaawe  we  observe  animalB  which  have  no 

power  of  moving  from  place  to  place,  in 
most  of  the  polygastric  animalcules  we 
can  see  distinctly  on  their  surface  minute 
hair-Uke  organs  in  rapid  vibratile  motion, 
by  which  they  arc  carried  to  imkI  fro  in  the 
fluids,  for  the  respiration  oi  tiicir  surface 
%nd  to  obtain  tbeir  food.  These  motions  of 
Ihe  anunalculcs  are  effected  hy  means  of 
very  minute,  hair-like,  tapering,  trans- 
parent, vibratile  filaments  disposed  fre- 
{fvently  around  the  mouth,  where  they  are 

SjneraJly  largest  and  longest,  as  in  this 
vidiug  or  generating  leucophrys  patula 
XVtg.  119,  2),  frequently  in  longitndmal 
lines,    extendinf^   om  r  the 
Fig.  119   whole  surface,  from  the  an- 
terior to  the  posterior  part  of 
the  body,  as  in  this  letteo- 
is^y^.  ./  phry9  pyriformis  {Fig.  119, 
fe^.'-f^lv^^:  1).    Sometimes  they  arc  so 
largely  developed  on  the 

lower  surface  nf  flr.t  frirmril 
animalcules,  that  iu  their  mo- 
tions they  act  like  legs,  and 
trerve  the  animalcules  as  or- 
gans of  support  as  well  as  of 
motion.  They  arc,  however, 
soseepHble  of  the  ssme  rapid 
vibratile  motinis  ;;s  tlie  mi- 
nuter forms  of  the  cilia  com- 
mon in  this  class,  and  com- 
mon organs  in  many  higher 
classes  of  in^'crtebrated  ani- 
mals.  In  the  flattened  forms 
of  the  ey^^Mt  these  organs  f&na  a 
vibrntilr  zone  around  the  iTiferior  n^.ar- 
gia  of  the  body.  Where  the  body  is 
truncated  obliquely  at  the  bead,  the  cilia 
aiL  (lisposcd  around  the  margin  of  the 
truncated  part,  and  their  rapid  vibration, 
as  in  some  of  the  kolpod<p,  gives  a  re- 
volving motion  to  Hie  whole  body  in  Its 
proc^rcsyion.  In  liiany  of  the  fric'iofffr'  and 
paramcecia,  they  are  disposed  in  closely 
approximated,  regular,  longitudinal  scries, 
extending  along  the  whole  outer  surface 
of  the  body,  and  of  greater  size  and  I.  ii-th 
around  the  oblique  mouth.  In  the  ror/i- 
edte  these  organs  of  motion  are  of  great 
size  and  length,  arid  arc  di~]ioscd  around 
the  free  margin  of  the  outer  lip.  The  size 
or  nomher  of  these  organs,  however,  ap- 
peal^ to  have  no  immediate  relation  to  the 
magnitude  of  the  animfili^tile*?,  cr  to  the 


cilia  on  the  purfacc  of  many  of  the  lowest 
tribes  of  animals  is  an  optical  deception, 
or  results  from  currents  in  the  surround* 
ing  dement,  productd  hy  electricity,  by 
exosmose  anden(losmo'?e,  or  other  powers; 
but  these  vibratile  organs  are  sometimes 
so  laitte,  Diat  we  may  see  them  widk  the 
naked  «n  e,  or  dissect  them  with  the  scal- 
pel, and  they  occur  of  all  intermediate 
sizes,  to  a  minuteness  which  renders  them 
invitibie  even  with  the  aid  of  the  mioriH 
pcope,  and  where  we  jtidge  of  their  pre- 
sence hy  the  usual  currents  and  motions 
of  limiting  particles  aronnd  them.  9h» 
greater  number  of  the  polygastric  animal- 
cules possess  distinct  irritability  iu  the 
general  cellular  texture  of  the  body,  as 
is  seen  by  its  occasional  contractions  uk 
every  direction,  and  its  hendings  from 
side  to  side^  and  even  by  the  entire 
changes  of  form  to  wnicb  many  of  fbe 
species,  as  the  proieust  can  subject  their 
body.  No  pulsation  or  motion  of  any  kind 
is  seen  in  the  reticulate  vessels  on  tbeir 
surftoei  in  which  their  circulating  fluids 
are  conveyed.  The  spersnatic  animalcules 
found  in  the  male  fluid  of  all  classes  where 
sexual  distinctions  appear,  move  by  the 

larrral  impulse-  of  their  Ir,T;r;  taperiiig  tail, 
like  tadpoles,  but  upon  applying  the  elec- 
tric spark  to  them,  all  their  motion  ceases^ 
and  they  perish.  No  cilia  have  been  de- 
tected in  those  extremely  minute  animal- 
cules. From  yie  appeumncc  of  the  light 
transmitted  through  their  bodies,  it  ap- 
pears they  are  not  homogeneous,  not  a 
simple  gelatinous  substance,  but  that  they 
possess  some  kind  of  internal  organiza- 
tion, although  no  one  has  yet  succeeded 
in  nning  the  stomaehs  within  them  with 
colouring  matter. 

In  the  porif^rooa  animals,  the  motiene 
which  are  tnanif' ^tcd  in  the  streams  of 
water  driven  through  their  whole  interior 
in  the  adult  state  are  still  unexplained. 
We  have  already  seen,  that  in  those  pe* 
rifc^rous  animals,  the  8pic*da^  that  com- 
pose the  skeleton,  whether  they  be  aili- 
oeoos,  or  caleareoiis,  or  homy,  am  so  ar- 
ranged  as  to  form  theboundnriea  of  pores, 
canals,  and  larger  orifices  or  vente.  Upon 
looking  at  them  in  the  living  state  with  the 
microscoi>c,weceinperoeive  distinodythaft 
through  the  ]>ores  there  rush  incessant 
streams  of  water  into  the  interior  of  the 
body.  Upon  making  seetiDns  of  the  living 
animals,  and  examining  those  sections 
through  the  microscope,  we  can  still  per- 
ceive that  Hhe  particles  floating  in  the 
water  are  driven  mth  impetuosity  thtei%li 
the  cell''  or  scetions  of  the  canate  ill  aosr* 


comple.xness  of  their  internal  structure,  I  tain  nniforra  direction.  In  tho nnlnJiireA 
although  it  may  relate  to  the  living  habits  {living  animals  we  can  perceive  Htmt  th» 
•nd  motioin  of  their  pray.  Some  havelslreemt  nnth  bom  large  ftcat  orifiesi^ 
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surface  of  the  body.  Applying  intense  rapid  htroams  thai  they  arc  in  perfect 
powers  of  the  inicioticope  to  the  puren,  wo  health  a:ul  vigour,  and  then  proc*eediiig  to 
perceive  a  coiuplicated  and  beautdul  l  uti-  puncture  them  with  sharp  iustruments^ 
islftte  ^elattMW  Mmctwet ;  bat  in  the  upon  watching  the  result  you  will  not 
stmcture  of  those  ])ore»  we  see  nothing  ])erceive  cither  ji  trembling  motion,  or 
that  aorves  to  explain  tho  rapid  ruahiug  any  contractiou  of  the  parti  neither  aftec 
of  the  water*  through  all  pai*taof  their  a  tiino  will  yuu  ieoA^epreMionfonncd  at 
interior.  Those  minute  porca  have  their  the  pail;  which  you  have  irritated.  If  you 
parictes  bounded  by  solid  lascicuU ;  thoso  movo  the  water  from  the  body  of  tho  aui* 
faaciculi  ai'c  connected  and  enveloped  by  mal  htill  alive,  pierce  it  w  ith  red-hot  wireti^ 
a  dense  elastic  gelatinous  snbataoco,  and  and  then  -watoh  the  vestilt  of  this  power* 
a  gelatinous  or  coUular  substance  of  a  fiil  iriitation,  no  trembling  motion,  no 
softer  consistence  liucti  the  interior  of  the  coutiaclion  of  a  aiagie  part  of  tbe  8U'uc« 
pores,  the  interior  of  the  vriude  of  the  ca- '  tore,  ii  yet  in  the  Mtst  apparent.  If  yam 
n-dh,  and  passes,  very  soft,  throngh  every  cut  those  aniniaU  to  miiuUe  portkmis  with 
iuteriuediate  portion  of  the  body.  Tbo  ."^Imrp  instruments  in  every  direction,  yoa 
entrance  of  the  purees  120,  Ij  uUo  cannot  destroy  theii  vitality,  but  you  will 

I  perceive  that  the  portions  which  are  left 
still  go  on  ^\ith  the  u^ual  currents. 
I    Although  in  the  adult  auimals  tlic  £ene-< 
i  ral  fleshy  or  odlular  snbstuiceof  the  he^ 
'  possesses  no  apparent  irritability  that  ever 


has  been  Been,  aithoni^h  it  was  stated  be- 
fore the  time  of  Aai»i  ori.E,  and  reported 
by  hini»  that  when  those  animals  wese 
beaten  upon  by  tfie  waves  of  tlie  sea  they 
clung  more  j&rmly  to  the  rooks,  and  that 
when  the  mariDertattenipted  to  teartheoi 
prrsents  reticulate  fbroads  of  an  oxtrcinely  away  they  grasped  the  rocks  more  firmly, 
soft,  homogeneous,  gelatinous  sulMtance,  and  although  some  Lave  imagined  that 
crossing  in  different  directions  timse  en-  ^  when  they  were  touched  they  e.ihibitod 
trances  for  tho  currents,  aad  ^fiomAig  a '  sometbiBg  like  a  trembling  motion,  yet 
beautiful  reticulate  appeamnee  over  their  upon  a  more  careful  examination,  where 
orifices.  If  those  pores  were  the  cells  of  every  source  of  lalhicy  has  been  x-emove^» 
polypi,  sneh  a  reticulate  etrttctttre  could  no  tachaotioM  have  ever  been  peroei^* 
not  exist  thus  spread  over  their  orifice.  If;  Wbea  4Ve  examine  the  soft  fleshy  sub- 
tile pores  were  the  only  organs  of  mo-  stance  comj»osing  the  greater  part  of  the 
tion,  if  they  were  the  only  seat  of  eBIa  by  body,  and  filling  the  whole  of  the  in- 
which  the  currents  were  driven  through  ter^tice^  of  tliis  loose  fibrous  skeleton,  we 
the  Ulterior  of  the  canals,  the  cilia  would  ])crce:ve  that  it  is  couipoMod  ofglobidar 
require  to  be  so  large  upon  those  delicate  paiticles  or  cells,  or  monaU-lilte  bodies, 
lUaments,  that  they  would  not  enly  be  tnmshieettt,  bat  to  little  ooaneoted  witb 
easily  scon,  luit  tlicir  powerful  actions  eat:h  other,  that  they  are  not  lineally, 
would  he  such  as  to  destroy  their  delicate  or  circularl)',  or  otherwise,  seubibly  con- 
texture,—so  minute  and  soft  are  the  ge-  uected  together ;  that  there  are  none  of 
latinous  filaments  across  the  pores.  them  forming  continuous  chaina  or  flbraib 

Ellis  imagined  that  be  saw,  upon  put-  :  but  that  the  whole  celluhir  tissue  ro-olvea 
ting  the  living  poriferous  animals,,  upon  the  itself  into  a  semiiluid  substance,  teuacioua 
aea-8h<»e,  into  a  glass  of  sea-water,  the  ori- 1  in  its  oondstenoe,  but  v^ich  raas  down 
ficcs  contractinj;  and  dilating,  and  this  fiom  the  wounded  body  like  oil,  or  like 
mistake  led  him  to  suppose  that, the  large  ^  the  white  of  an  ctr;?.  If  such  be  the  soft- 
orifices  or  vents  throu|^  which  the  ness  of  the  geatiul  dc^iiy  sub&taaee  of 
ttreams  of  the  living  ammals  rushed  those  poriferous  aninial;^,  thair  skeleton 
out,  were  both  mouths  and  aid;  tliat  uonsisting  of  sliarp  siliceous  needles,  it 
they  were  tbe  ouly  orifices  connected  is  obvious  that  if  they  possessed  a  higjA 
with  the  prediction  of  the  eurrents,  or;  degree  of  irritability,  and  could  dius  act 
with  the  imtrilion  of  those  aninjul  i.  No '  upon  the  skeleton  and  contract  it  iudiffer- 
such  motions  have  ever  hccu  distinctly  |  ent  directions,  they  would  cause  those 
wtexk  is  any  aduk  peri£»roiii  atumal.  needles  to  pierce  the  fleshy  subisuuce  in 
JXlie  atrongest  stimuli  tlmt  btve  ever ,  every  part  of  the  body.  No  such  motioa 
l>oen  appli<'d  to  tbo  adult  animal  have '  as  this  do  those uuunals  possess  the  power 
faded  in  exciting  the  *.iij,ihtcst  puiccptible  I  of  making  j  and  it  is  a  wise  provisic  n  that 


inany  itartof  its  textare.  Taking' they  do  not,— they  do  not  require  any 
0Qieaiuiiiatoltt  thciivwgatatQ^aBdyttt:jBii(jipiQpe^  oontaary  to  ail 
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analogy  to  cx^t  it  in  animals  thus  low  in 
the  s^e.  I 

Notwithstanding  the  inertness  of  those 
animals  in  their  muscular  substance  in  the 
adult  state,  yet  when  they  are  newly-fonn-  ^ 
ed  gem  mules,  and  joit  detached  from  the 
parent's  body,  they  possess  the  power  of; 
rapid  locomotion,  and  swim  for  a  con'j 
aiderable  time  throngh  the  nvater  by  the) 
rapid  vibration  of  cilia,  which  are  i>er- 
fectly  visible  and  larf^ely  distributed  over, 
the  greater  i)art  of  their  body,  as  in  this . 
p;ctiimule  of  the  halina  panicea  [Fig.  120,  2).  | 
Those  cilia  continue  in  ni])i(l  vibration' 
until  after  the  minute  gcmmules  bave. 
fixed  and  begun  to  spread  upon  the  snr^ 
face   of  the   watch-glass  ;  the  vibrntile ' 
cilia  then  gradually  cea&e  their  motional 
and  entirely  di«»appear.   These  organs  of  j 
motion  ^  not  cover  entirely  the  surface 
of  the  gcmmules  of  the  porifera.  These 
amall  portions  of  gelatinous  matter  are  of 
an  ovate  form,  and  they  swim  with  the! 
rounded  hroad  end  forward,  which  is  co-' 
vered  with  the  longest  cilia.   The  poste-  j 
rior  tapering  narrow  end  has  no  aj)pa-j 
rent  cilia,  and  is  the  part  of  the  geinmule ' 
which  firat  fixes  to  a  solid  body  when 
about  to  develop.    Tlie  body  of  these 
gcmmnles  la  not  faritable  and  oontraotile 
like  that  of  the  geiuniules  of  zoophytes  ; 
they  already   contain  spicula  distinctly 
formed  while  they  are  yet  free  and  swim- 
ming to  and  fro  in  all  dircctiona  by  their 
cilia.     The  poriferous  animals  manifest 
the  lowest  degree  of  irritability,  and  near- 
ly the  simplest  forma  of  organisation  met 
with  in  the  animal  kingdom,  and  they 
were  formerly  placed  by  Cuvier  himself, 
in  his  Tableau  Elcmcntaire,  at  the  bottom 
of  the  great  kingdom  of  natoie. 

The  irritability  of  the  general  fleshy 
texture  of  the  body  is  much  more  distinct 
and  obvioas  In  the  class  of  soophytcs  or 
polypi fcroMs  animals  than  in  any  of 
the  porifera  which  have  yet  been  ex- 
amined. The  irritability  of  the  entire 
ileshy  axis  does  not  correspond  in  degree 
with  that  manifested  by  the  jiolypi  in  each 
species,  but  is  more  commonly  in  the  re- 
feree proportion.  The  general  fleshy  part 
of  the  zoophyte,  wliich  secretes  the  solid 
substance  of  the  skeleton,  possesses  distinct 
irritability  in  almost  all  known  zoophytes. 
But  what  is  remarkable,  we  find  nme  parts 
in  this  class  of  animals  which  possess  a 
pow  er  of  motion  surpassing  almost  any  mo- 
tions we  can  produce  by  any  stimuli  in  tiie 
highest  forms  of  animals,  and  which  mo- 
tions we  are  accustomed  to  ascribe  to  ir- 
ritability. The  fleshy  subitanoe  of  the 
body  in  the  softer  forms  of  aBOphytes,  as 
in  the  lotnilaria  digifata,  possesses  an  irri- 
tability which  is  marked  by  a  slow  and 
fsgnltf  oontraction  of  tiie  pact  wUch  ia 


HB  0MAK8  OT  MOTIOM 

touched  or  irritated .  We  should  alwajr^  in*  * 
experimenting  npnn  the  irritability  of 
zoophytes,  attentively  distinguish  the  signa 
of  irritability  manifested  by  the  fleshy  sub- 
stance of  the  body,  and  the  lively  kind  of 
irrltabfll^  manifested  liy  the  polypi  (jnjf . 
121, 1),  those  highly  organised  poitkuia  of 


Fi9, 121 


the  body  which  are  destined  to  distinguish 
and  to  obtain  the  food  of  the  animals  — 
their  living  prey.  We  know  in  no  zoo- 
phytes at  present  living  the  fleshy  mass  to 
possess  a  high  degree  of  initnhility,  such 
as  we  see  in  the  fibrous  couditious  of  the 
musctdar  system.  In  all  the  zoophytes 
we  find  the  irritability  to  be  manifested  by 
slow  and  gradual  contractions.  Now  aa 
we  observe  that  this  is  a  uniform  character 
which  p«rvadea  this  class  of  polypiferoua 
animals,  you  would  naturally  be  led  to 
doubt  such  statements  as  would  make  us 
bdieve  there  are  some  zoophytes  whicK 
can  move  their  l>odie8  with  force  and  ra- 
pidity, and  8wi:n  through  the  sea  as  if  l)y 
the  active  fms  of  a  flsh,  unless  those  mo- 
tions were  the  result  of  the  actions  of  the 
highly  irritable  polypi  themselves,  or  of 
the  cilia  disposed  upon  the  sides  of  the 
tentacula.  Yet  we  And  it  often  maintained 
that  those  pennatidk  (/V*  122, 1)  swim 


Fig,  122 


through  the  rea  by  the  rapid  actions  of 
the  fui-like  projections  (^y.  122,  2)  ex- 
tending from  the  rides  of  the  tnmk. 
Those  who  have  carefiilly  examined  these 
animals  in  the  living  state,  and  tried  their 
IrritaMHty  when  iStutf  were  in  health  and 


Digitized  by  Google 


IN  THE  lUDUTED 


vigour,  by  various  kiiiJs  of  stuiiul;,  have  {feel  nothing— notUiug  like  that  t^uick  p-nd 
been  unable  to  excite  tho^c  lateral  pin«  simultaneous  action  which  I  could  j^w€>»- 
nules  to  anything  in  ihc  least  analogous  to  ,  duco  over  its  whole  body  by  a  percussion 
the  rayiid  motionti  of  lins,  by  which  they  on  tiie  side  of  the  vessel  la  which  it  wsa 
could  twhn  thnfoagli  the  sea.  Such  a  pro-  expanded ;  for  this  reason,  that  all  the- 
perty  would  be  «|Qite  anomalous  in  thia  j  parts  of  the  fleshy  euhstancc  of  the  body, 
dasa  of  animals*  :have  so  little  connexion  with  each  other. 

When  we  take  a  poi*tion  of  the  lobu- 1  If  you  confine  the  stimulating  action  to  a 
laria  digitaia  in  the  living  >^late,  from  the  limited  part,  it  will  only  be  felt  at  that 
rocks  on  the  sea-shore  to  w  iiirh  they  ad-  \  part  to  which  the  stimulus  is  applied  ;  but 
here  permanently  during  life,  and  jmt  it  if  you  produce  an  action  which,  though 
into  a  vessel  fun  of  sea-watei',  we  soon  ob-  |  comparatively  feeble,  will  pass  through 
servo  that  the  general  mass  of  the  body  j  the  whole  flr^ln-  substance  at  the  same 
begius  to  j^wcll  \  and  that  what  was  before  ^  time,  you  wiJi  tlicn  cause  the  contractioa 
firm  and  opaque,  becomes  distended,  soft, ;  to  be  equally  commenced  at  every  part  of 
and  pellucid.  W'c  then  observe  the  sur-  :  the  body  at  once.  This  explains  what  at 
face  to  be  studded  all  over  with  beautiful  fir«t  ?i|)poMrs  remarkable, — that  you  can 
ptdnts,  from  which  radiate,  eight  rays,  cut  ilii  uiigh  the  soft  botly  of  this  lobularia. 
Those  are  the  opening  cells  where  the  |  without  producing  more  signs  of  irritation 
polypi  are  concealed.  Tiie  mass  continues  than  by  simply  shaking  tlie  glass  of  water 
to  swell  by  imbibing  water,  and  the  polypi  i  in  which  the  animal  is  suspended.  Tiiis  is 
begin  to  shoot  out.  By  allowing  it  to  j  the  kind  slow  contractility,  or  languid 
remain  in  tranquillity  the  whole  surface  at  irritability,  which  we  commonly  find  in 
lep^h  becomes  studded  closely  over  with ;  the  general  fleshy  substance  of  the  body 
th^  long,  cylindrical,  transparent,  crystal- :  of  ^oophyte3,  whether  it  cover  the  sur- 
line,  colourless  bodies  of  the  polypi;  and  if  face  of  a  calcareous  or  a  homy  axu,-  or 


you  allrrv  it  to  remain  without  disturbing 
it  in  the  water  tiii  the  water  is  putrid,  it 
will  die  with  the  polypi  projecting  in  the 
beautiful  maimer  you  see  in  the  spectmen 
1  now  hand  round. 

■  Hie  Irady,  then,  in  tliat  first  lively  con- 
dition, distended  with  water,  and  with  all 
the  polypi  fully  expanded,  is  almost  trans 


be  ccntiiincd  in  their  interior,  or  have  na 
solid  axis  in  its  body. 
But  although  thus  languid  in  its  gene- 

ral  flc^liy  substance,  there  are  parts  of  the 
body  giited  with  the  most  lively  degree  of 
contractility  or  irritability,  and  constantly 
cmploycil  in  producing  the  most  rapid 
movements,  for  the  purpose  of  obtaining 


parent,  and  feels  soft  and  pulpy  to  the  ,  food,  or  to  aerate  the  fluids  of  the  body,  or 
touch ;  but  if  you  suddenly  touch  a  part .  to  protect  the  iMxly  from  danger.  These 


of  the  skin,  give  it  i  >  froke  with  a  wne 
or  with  your  linger,  yuu  will  not  find  tliat 
it  shrinks  immediately  like  an  sjctinia,  or 
like  some  moUu^scous  animal  into  its  shell; 
Ixit  you  will  have  to  watch  fur  a  consider- 
able time,'  and  you  will,  gradually  ob- 
serve, that  the  pai  t  you  touched  be^mes 
opaque,— that  it  becomes  more  dense, — 


parts  most  developed  arc  the  polypi.  Tlio, 
reproductive  gemmules,  although  they 
possess  great  activity,  we  can  scarcely - 
consider  as  part  of  the  general  mass  of 
zoophytes*  for  their  motk>u8  are  maul* 
tested  witih  the  greatest  activity,  as  also  In 
porifera,  after  they  are  entirely  detached 
from  the  parent's  body.    The  ]>olyi)i  are 


that  it  is  hollow, — that  there  is  a  deprcs-  the  organs  by  \\hich  the^c  animals  obtain 
sion forming  at  the  part  which  you  toudi- 1  their  food*  They  mu^t,  ihcrefore,  possess* 
cd;  and  if  the  stroke  which  you  gave  was  j  as  the  jjarent  body  is  thved  for  the  most 
severe,  and  extensively  felt  over  the  body,  •  part  to  rocks  immovcably  for  life,  a  great 
this  will  go  on  until  the  whole  of  the  mass  |  sensibility,  and  a  means  of  distlngidshing 
of  this  zoophyte  has  shrunk,  and  the  po-  between  animalcvdcs  floating  in  the  water, 
lypi  have  withdrawn  themselves.  But  and  particles  of  sand  <Irivcn  to  aud  fro  by 
^ose  changes  aie  so  slow,  that  it  requires  the  motions  of  the  waves.  Uponlookingat 
you  to  have  great  patience  to  watch  the  these  polypi*  however,  with  poweriul  mi- 
succession  of  the  changes  by  which  this  croscopes,  wo  cannot  perceive  nervous 


contraction  and  hardening  of  the  whole  is 
effeeted.  You  might  imagine,  that  by  tak- 
ing a  sharp  knife  and  cutting  the  body  of 
the  animal  right  through  the  middle,  from 
tite  iree  termination  up  to  its  fixed  part, 
you  would  produce  so  powerful  a  stimu- 
lating action  upon  it,  that  if  it  could  con- 


filamcuts  in  any  part  oi  their  body,  nor 
can  we  perceive  even  a  fibrous  structnre 

in  the  t(  ntacula,  the  parts  thnt  are  most 
apparently  sensible  and  contractile.  In 
some  of  these  ii^ooph^  tes,  as  in  the  hydra, 

we  find  the  body  composed  entirely  of 
a  8int;h'  ]»o!ypni?;  yet  thew  little  animals. 


tract,  It  would  the  a  contract  \\ith  all  ibi  j  without  any  fibre,  citiier  nervous  or  mus- 
energy.   The  contrary  is  the  case ;  for  on  >  cular,  that  is  perceptible  with  the  mi- 

taking  a  s'luirp  instrument  and  cutting  croscope,  have  the  power  of  movinnr,  ns 
the  auimal  right  through,  it  appears  to ;  you  sec  iu  the  ciise  of  the  hydia  vo  iuiSf^ 
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with  considerable  activity  to  and  fro  in  the  j 
vater.  Their  motions  ore  pei^nned 
■mnewbat  like  those  of  a  leech,  fixing 
one  extremity  of  the  ho(\y  to  the  vcflseti 
Vfhen  they  are  in  water  contained  in  a 
glass,  and  drawing  up  the  posterior  part 
of  the  bo;Iy  close  to  the  mouth,  the  pos- 
terior part  terminating  in  a  hase  some- 
what like  a  sucker.  By  repeating  those 
acb^,  the  animal  mores  round  the  surfiice 
of  the  vessel.  The  amis  ^vhich  surround 
the  mouth  of  the  hydra  are  also  gifted  with 
ftfKmer  of  qnfck  and  varied  motion.  Thmf 
ajjpear  also  to  he  exqui^iitely  sensible,  for 
when  portions  of  raw  meat,  or  portiuos  of 
Irving  small  worms,  are  thrown  into  the 
vessel  of  water,  and  caused  to  fall  against 
the  tentaciila,  the  teutacula  immediately 
twine  around  them,  and  draw  them  to  the 
mouth,  when  the  nK>otli  is  drawn  over  the 
for  i,  although  it  be  sixliines  as  big  a"*  the 
mouth  in  its  natural  relaxed  condition; 
and  from  its  transparent  cellular  tejrtnre, 
you  can  see  quite  well  the  matter  digesting 
within  the  interior  of  the  sac.  When  those 
IJttlo  hydnc,  possessed  of  these  powers  of 
notion  in  alt  their  jmrtfl,  from  tlie  ex- 
tremity of  the  tentarula  to  the-  po?terior 
of  the  JKKiy,  are  tnmed  outside  in  (for  it  is 
^mply  a  membranous  bag),  still  you  see 
tile  same  phei^omcna  going  on  of  seizing 
the  p\'ey,  drawing  it  into  the  month,  nnA 
digesting  it  in  the  interior.  You  will  ob- 
senre  from  this  an  Brgnment,  not  from  di- 
rect di- s.'c  tioii,  ))ut  from  rcasoniiii^,  that 
the  properties  of  all  points  of  its  desby 
body  are  nearly  the  some. 

The  animal  produce*  the  offtpring  by 
minute  gemmules  or  l)udf  nppenrin^  in  dif- 
ferent parts  on  its  exterior;  but  when  the 
animal  is  turned  outside  in,  even  in  that 
position  it  is  still  ob!=!crred  to  bud  from 
what  formerly  was  the  digestive  surface. 
To  show  you  still  more  that  it  possesses 
properties  in  all  parts  common  and  simi- 
lar, when  it  is  cut  into  very  minnte  por- 
tions, almost  requiring  the  microscope  to 
perceive  them,  each  of  those  de%*elope  into 
a  full  natural-sized  ani'iial,  jiossessing  all 
the  properties  of  the  i)nreut  body  from 
which  the  fragments  were  cut.    Here  the 
matter  that  is  digested  being  sometimes 
red — their  common  food  consisting  of  red- 
ifiooded  worms,  therefore  that  food  is  easily 
perceived  in  the  interior  of  the  body — yoo  | 
can  j)-"^;'''!^  I'  the  colour  th-it  it  produces  in 
the  whole  interior  of  the  body.    A  red 
colour,  as  you  observe  in  this  specimen,  ] 
l.as  l>;»en  seen  after  such  food  parsing ' 
through  even  the  interi  n-  of  the  tentaeula.  ' 
The  tentaeula  are  tubular  also.    No  cilia  i 
exist  on  the  sides  of  these  tentacnia  of  the 
hydra.    V.'licii  the  tcn^amla  are  liijidily ' 
r.iagnilied,  they  exhibit  an  appearaiiec  as  ' 
if  they  cons  lifted  of  a  granular,  vesicular,  ( 


or  cellular  tissue,  the  annsi,  and  every  other 
part.  But  yon  are  aware  tlwl  Utet 
not  the  eondhlon  of  the  polypi  of  th» 
generality  of  zoophytes ;  that  in  the  com- 
pound zoophytes  the  polypi  ai-e  not  in* 
dependent  animals^  ae  in  thoiiydfmt^sirfelK 
develops  no  axis ;  but  that  they  arc  connect- 
ed and  continuous  always  witba  tieshy  sub- 
stance^ which  we  have  sem  to  occnpythtr 
intmrkvoavitgr  of  most  of  the  flexible  homy 
zoophytes.  Sometimes  they  ar^*  developed 
from  the  fleshy  crust,  which  we  have  al- 
ready seen  to  secrete  the  Isyers  ef  tWe 
axi*?.  It  is  chiefly  in  those  zoophytes 
which  appear  to  the  naked  eye  to-have- 
least  the  <maracter  of«nlmal8,  tnatiMi  fltotf 
the  irritability  and  the  vital  properties  of 
the  polvi)i  to  he  the  mo«t  ertraordinary.  lor 
these  sertvlaria  and  campanularuB  before 
yoa,  the  fleiiiy  sahirtaaoe  oceopie*  the 
cavities  which  we  have  seen  tn  pass 
through  all  the  ramifications  of  this  horny 
external  tubular  axis,  and  the  dreolaiion 
is  carried  on  m  Ikub  centre  of  this  fleshy 
snh^'tancp,  as  Nhovm  by  Cavolinf.  The 
polypi  of  this  horny  zoophytes  possess  a 
great  degree  of  hnritability  and  apparaiit 
sensibility,  for  we  obsenre  them  not  only 
extending  their  whole  body  from  the  mar^ 
gin  of  the  cells,  fantr  drawing  after  them 
a  portion  of  the  genei'al  fleshy  substance^ 
that  occupies  the  interior  of  all  the  haniy 
axis. 

The  anterior  «ctremi(y— ttie  mouth  of  a 

polypus, — as  in  this  campanularia  ( F'!ff. 
121,  1),  is  surrounded  by  a  variable  num- 
ber of  tentaeula.  Sometimes  tlmty  eax* 
be  counted,  somctimes  above  thirty^  and, 
1  believe,  almost  never  below  six.  Tb»»se 
are  about  the  extreme  limits  of  the  number 
of  tentaeula  seen  ahont  the  moeth  of  a 
polypus  of  ft  zoophyte.  These  tcntaoehl* 
generally  assume  a  campanulate  or  boM* 
shaped  arrangement  when  eKtended»  r»* 
maining  steadily  in  that  position.  In  their 
motions  the  tentaeula  exhibit  sti ft  nes<»,  and 
when  the  polypus  is  extended  horn  tlie 
cell,  they  seem  to  feXL  haidt  iato'^t  posi' 
tion,  as  if  they  had  bncn  forced  from  it 
by  some  power  acting  against  their  natural 
elasticity,  ae  if  their  natvral  position 
this  campannlate  cur\  ature  and  arrange- 
ment. No  nniiiial'Mde.s  are  ever  brought 
towaitls  the  polypi  by  any  motions  of  the 
tentaeula  themselves.  They  vemaiB  gene* 
rally  motionless  in  that  situation  during 
the  time  they  are  expanded.  At  times^ 
cither  from  the  Inconventence  of  being  in 
the  way  of  matter  floating  through  the 
water,  or  not  obtaining  a  srtfficifcnt  supply 
of  food,  the  extended  polypi  direct  them- 
selves to  different  svdee,  so  as,  perhaps^  tti 

o!>tain  water  of  ii;r(  ater  piMrlf y,  Of  a  MOM 
abundant  supply  of  food. 
The  tentaeula  do  not  strike  inwards  in 
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m  tynchronoTJS  ortfer.    It  ouc  tenlaculum  They  are  gigantic  animalcules,  and  8om«^ 


1w  faipinged  against  hy  a.floating  particle, 
it  will  contract.  Two  may  contract,  three, 

or  a  variable  number;  but  if  the  objert  be 


like  the  polygastrica,  swbn  by  th«  action  of 
cilia.  The  motions  of  thii  daw  mn  gene- 
rally ver}' languid  ;  when  wo  observe 


sufficiently  large  to  give  an  irnpiiisc  to  the  « large  medusae  Aoatiiig.»o  abundantly  arouud 
whole,  they  nil  contract,  in  an  instant  seize 
their  food,  and  retire  into  their  ce!!^. 

Nov  tho&e  are  the  eoaimon  motions  of 
HwtenlMttlB,  bttt  wbm  upeobivrre  them 
▼ery  closely  with  a  magnifying  jjowcr, 
wben  to  tbe  naked  eve  they  appear  per- 


our  oonct,  w»  le*  tliat  the  fleiliy« 

banging  mantle,  conv'CX  above  and 
cave  below,  has  a  r^;u]ar  contractile  mo*^ 
tion ;  that  it  contracts  at  slow  interval^ 
at  intervals  which  I  have  soroetimt* 

counted  at  the  rate  of  fifteen  contractions 


iectiy  motionleis,  we  observe  along  their  '  of  tbe  mantle  in  a  minute.  This  is  ali  th* 
aiies  a  vibvatito  iiiof«ai«Bt  whieh  ircry  |  motioii  which  we  can  perceive  ceanededl 

much  rp?cinbleg  n  OTirrent  of  water  rush-  '  ^^th  progression  in  these  niediisaria.  The 


mg  somehow  along  their  sides  {Jt'ig,  121, 
S).  Ween  Me  i«  lini  Mdung  of  eiUa. 
Even  by  the  applicatioii  of  the  most 

powerful  microscopp  to  their  surface,  no- 
thing resembling  cilia  can  be  discovered. 
B«t  wtwn  tbef  leaftoid  in  their  no- 
tions,  or  when  ynn  bare  nsed  some  i)oi- 
«K>nou8  substance  to  deaden  their  motions, 
m^wtmn  the  weter  hefbeeome  Md,  and 
they  are  almost  dying,  you  can  perceive 
the  languid  motions  of  these  little  vibra- 
tile  organs  along  their  sides.  It  is  then 
ym  can  uhiei  m  eleag  the  tides  of  the 
tentacula  that  there  arc  mimeron'^  ^mall 
filameuti^  like  the  eyelashes  around  the 
eyes,  wUkA  have  thenietk  regular  and 
eystematic  motione.  The  ttreans  of  water 
produced  by  the  motion  of  those  cilia  are 
always  moving  in  one  direction.  The 
motion  appears  to  pass  towardt  the  ex- 
tremity of  the  tcntaculnm  on  the  one 
eid%  and  always  towards  the  bate  on  the 
ether  {Fiff.  121,  2) ;  so  that  matters  float- 
ing through  the  water  and  coming  towards 
the  tentacula,  you  can  see  driven  in  one 
direction  by  one  series  of  cilia,  and  driven 
in  another  by  the  other  series  of  cilia. 
There  is  thus,  notwithstanding  the  number 
of  currents,  ag^eral  tendency  to  bring 
Itae  enrrents,  and  particles,  and  floating 
cnlmidculcs,  to  impinge  between  the  bases 
of  the  highly  sensitive  tentacula,  or  upon 
tbe  mouth  itself.  1  have  calculated  on  a 
irittgle  living  specimen  of  the  Jltutra  fo- 
Haeea  about  four  hundred  millions  of  the 
vibmtile  cilia  destined  by  their  motions  to 
bring  food  to  the  mouths  or  polypi.  And, 
wiwt  appears  remarkable,  tboiie  cilia  con- 
tinue to  vibrate  on  the  sides  of  a  tenla- 
culum when  that  organ  in  cut  oO  from  tlie 
body  of  a  polypus ;  the  vibrations  of  the 
cilia  then  carry  the  tcntaculum  forwards 
tluxmgh  the  water  like  a  worm.  1  have  not 
firand  tlie  pennatulae  to  possess  the  power 
usually  ascribed  to  them  of  moving  their 
lateral  pinnules  or  their  polypi  so  as  to 
carry  their  entire  body  througtt  tliu  sea 
like  a  fish  swimming  by  its  fins. 

Thcrr  dr>  not  apj)eur  to  be  distinct  irri- 
table ia&ciculi  or  hbresi  yet  developed  in  the 
soft  ^latinous  bodies  <^  the  acalepba. 


filaments,  long  and  slender,  which  extend 
fivm  the  sides  of  the  mantle»  lisAre  a  motion 
like  the  tentacula  of  a  hydra.  Th^  are 

moveable  in  every  direction,  and  appear 
like  highly  sensitive  tentacula  disposed 
around  the  margin  of  the  mantle.  If  yoa 

touch  tbe  mantle,  having  obtained  the 
animal  alive,  either  in  a  small  pool  of  sea- 
water  upon  the  coas^  or  observing  it 
when  upon  the  shore,  or  in  a  vessel  of 
water, — if  you  touch  the  surface  of  the 
mantle^you  do  not  find  that  there  is  a  con" 
traction  at  that  part,  or  any  sign  of  sen* 
sibility  manifested  there;  but  after  an  in- 
terval, greater  or  shorter,  yon  find  that  it 
is  followed  by  ordinary  kind  of  geimral 
contraction— a  si n'lUaneous  iuipulsc  givot 
to  the  whole  of  the  cellular  structure  com- 
posing the  mantle.  Tiiero  appear  to  be 
no  muscular  fa^iciculi  in  the  mantle;  andi 
wlien  examined  with  a  glass,  it  appears  to 
be  an  uniform,  loose,  cellular  stiucturc. 
There  are  numerous  canals  ramifying 
throughout  its  interior;  but  there  is  no 
fibrous  structure  wbicb  we  can  perceive  to 
account  for  the  uiutiunii ;  it  it)  a  cellular 
and  not  a  fibrotw  organ.  We  perceive^ 
luiv.  cver,  distinctly,  tliatitis  sensible  to  the 
impulse  given  to  it  hy  striking  its  surfSEu:e. 
Tlie  result  of  the  contractions  of  the 
mantle  is  to  carry  these  animals  through 
the  water  always  with  the  convex  part  for- 
wards, whether  they  be  swimniing  per- 
pendiciilarly,  upwards,  or  horizontally,  or 
downwards.  Many  of  these  acalepba  are 
supported  in  tbe  water  by  a  gaseous  se- 
cretion contained  in  a  sac  on  the  npper 
part  of  the  body,  like  this  interesting  ani- 
mal the  physalia,  this  rplella,  and  many 
others ;  their  motion  is  often  directed  bjr 
tbe  devated  crest  which  they  raise  above 
the  surface  of  tbe  water,  or  by  the  free 
edge  of  the  mantle,  or  by  the  extended 
toutaciila  attach^ to  that  edge.  The  di- 
gestive organs  of  some  of  these  vesiculated 
acab  pba  arc  more  complicated,  and  ac- 
cording to  a  higher  type,  but  those  spe- 
cies stul  present  no  muscular  fibrous  <»• 
gans  for  progressive  motion. 

Anotiier  little  group  of  those  acalepha 
whuiie  or^m  of  progressive  motion  are 
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highly  interesting,  are  the  ciliog^ade  aca- .  various  directions  through  the  water,  or 
ki^a.  You  have  teen  that  in  the  8lm])Ie  I  swim  to  and  fro,  with  any  part  ot  tiieir 

mednsrc  the  motions  sre  effected  by  thcihody  placed  forv  aid. 

contractions  of  the  mantle.   That  in  the     Those  cilia  have  the  same  kind  of  rapid 

hjrdroBtatte  acalepha,  as  they  are  caUed,  I  vibratory  inotioii  as  ilie  cilia  of  anfiiMA* 

there  is  an  air-baii;  to  assist  them  in  swim- 1  culcs,  or  the  cilia  of  zoophytes,  hut  they 
ming.    But  in  other  acalepha,  fewer  and  j  arc  here  presented  to  us  upon  an  enor- 
generally  more  minute  than  the  other  fa- 1  mous  scale  j  for  these  animals,  the  heroes 
miltes,  we  ohserve  the  motions  to  beeflfiect-  hefote  yon,  altabi  a  liae  of  nearly  an  iaeii«r 
ed  by  the  rapid  vibrations  nf  larcje  and '  from  one  extremity  to  the  other;  so  that 
complicated  cilia.  And  from  this  structure  the  cilia  are  vi«iible  to  the  naked  eye,  and 


lliey  have  been  caUed  ciliograda— moving 
by  means  of  cilia 


yon  require  only  the  ^ewer  of  a  mbdeiatv 

lens  to  see  their  etructure.    It  is  not  im- 


These  cilia  you  porc.'ive  dit»posed  in  probable,  from  analogy,  that  the  motions 
eight  longitudinal  bands  over  the  surface  of  these  cilia  are  somehow  dependent  ou 
of  this  btrae  pUena  {Fig.  123).   Tbeae ,  these  internal  streams  of  water,  becatise 

I in  the  actinia  the  tcntncnla  arc  projected 
from  within  by  water  being  forced  from 
below  into  ^em.  On  tite  suHnee  of  the 
,  echinus  w^e  have  seen  that  the  ambulacra 
j  have  rmTnorons  perforaiimi*?  for  feet ;  those 
perJoiiiSiuua  ate  lur  the  passage  of  water- 

I  tabes  to  distend  and  project  thetnMar 
I  feet  of  the  echinus.    Wc  see  the  same  in 
I  the  feet  of  the  attteriasy  the  hoiotAuriOf  and 
others.   It  is  the  general  plan  f«r  the  fa»>' 
tions  of  those  feet  to  be  effected  by  the 
injection  of  water  into  them,  in  the  echi- 
nodcrma.  Tlic  ciiia  oi  the  heroe  and  other 
[  genera  occupy  the  same  situatloa,  are  ar* 
range'!  in  the  same  order,  and  are  entirely 
brgaris  have  here  a  complex  structure.  >Q«iogo«8  organs  to  the  feet,  extending 
They  arc  broad,  short,  pectinated,  placed  ]  fro™       apertofoe  of  the  amWaera  Ir 
at  regular  distances,  and  they  have  the  the  echinodcnna. 


htriicturc  of  the  fins  of  a  fish.  There  are 
immcrous  parallel  rays  which  extend 
through  the  whole  interior  of  these  cilia, 
from  the  bands  to  which  they  arc  attached 
to  their  free  margin.  Those  rays  do  not 
terminate  at  the  end  in  a  straight  line,  nor 
are  they  straight  throughout,  bat  they  are 
t  urvcil  backwards  so  as  to  present  rather 
a  concavity  below,  or  on  the  back  part  of 
each  cilium,  considering  the  mouth  as  the 
anterior  part  of  the  body,  although  it  is 


Some  of  the  ^chinoila  ma  have  the  body 
permanently  fixed  to  a  spot  by  their  base, 
and  branching  ont  lllce  zoophytes,  as  wo' 
see  in  the  rei-e!if  extinct  forms  of  cri- 
noid  animals.  These  jointed  and  ramified 
animBls  move  their  solid  parts  from  tidft 
to  aide  by  the  irritable,  secreting,  external^' 
fleshy  covering  which  envelop;?  all  parts 
of  the  body.  In  the  free  radiated  echino- 
derma  the  muscular  ilevelopment,  as  well' 
as  the  nervous,  is  nmrc  distinct,  and  this 


usually  directed  downwards,  as  in  most  we  «ee  both  in  the  general  structure  of 
acalculia  and  cchinodenua.  The  ravs  of  |  tl>«J«"  body  and  in  the  organs  specially  det^ 
the  cilia  are  not  all  of  ati  equal  length, !  tined  for  ijrogressivo  motion.  In  the 
for  in  the  middle  of  each  cilium  the  ravs  \  genus  asterias,  nniscular  fil)re8  are  dis- 
w  hich  support  it  are  a  little  longer  than  !  tinctly  seen  connecting  the  several  por- 
thosc  at  the  sides  of  the  cilium.  When  ;  tions  or  elements  of  the  segments  we  have 
you  look  through  a  microscopic  glass  of  iibeady  examined.  Some  })artK  of  those 
high  power  at  the  rays  which  support  segments  are  connected  in  an  irauiove- 
theic  cilia,  they  appear  like  transparent  able  manner  by  ligamentou*  band%  hot 
tubes  in  the  living  animal.  When  you i others  arc  not;  and  by  the  multitude  and 
watch  the  inner  surface  along  the  hnmh  mobility  f)f  the  segments  composing:  each 
that  support  the  cilia,  you  can  perceive  a  division  of  the  body,  a  great  motion  is 
fluid  movin^j ;  the  water  is  conveyed  into  ■  allowed  in  the  whole  body.  The  motiont 
the  interior  of  the  body,  and  through  the  '  o(  these  jiarts  arc,  however,  like  those  of 
ran.ils  along  the  bafc  of  tht-  ciltn.  The|all  the  lower  classe*!,  slow  and  languid,  all 
animal>J  can  change  at  pleasure  the  direc- ,  qwlek  movements  being  confined  to  siiccial 
tion  of  the  motions  of  the  cilia,  for  these  j«rsr>ns. 

round  or  globular,  sNvimming,  minute,  I  'Ihc  feet  of  the  asterin^  of  the  hr,lfttknria 
Ttnnlnf.us  acalepha  can  turn  themselves  (>Vy.  124),and  most  other  echinodcrma,  are 
round  ou  their  axis,  roll  themtelves  in  hollow,  muiciilar,  tubular  organs  tenplnatf 
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Fig,  124. 

"site  ^i^^f^r^-^  ^^^v^^io^^  


ing  In  ft  foimcl  gorcbvib  tiiolc8r»  nd  6xteiid~  | 
ingfirom  the  ainbalacral  orifloee.  Kow,  the 
feet  of  the  asterias,  whicli  you  can  obiiervc 
from  the  specimens  now  sent  round,  from 
the  coast  of  Cornwall,  are  seen  only  in  the  j 
ambulacra.    Those  can  move  in  all  direc- 
tions.  The  8ucker*like  cavities  of  the  ex- . 
tramitiit  can  abo  be  ftsed  vitii  consider- 1 
ableflramess  to  the  object  with  which  they  | 
come  in  contact.    When  we  attentively  | 
examine  the  surface  of  these  muscular 
organs,  we  observe  that  they  are  striated,  { 
longitudiually  as  well  as  transversely; 
that  they  have  muscular  filaments  ex- 1 
tending  in  a  longitudinal  direction,  and| 
others  pass  transversely  round  these  tubu- 
lar feet.    Hy  these  muscular  feet  the  echi-  i 
luda  can  climb  up  the  perpendicular  sur-  i 
Iboe  of  a  glass  vessel,  and  can  perfonn  all  j 
the  movements  of  an  asterias.    We  fre- 
quently see  them  perambulating  around : 
nie  margin  of  a  bnrin  of  sea-water,  the  > 
perpendicular  sides  of  which  they  have  1 
cli in  1)6(1.    This  they  do  by  the  myriads  of ; 
those  tubular  feet  which  extend  h  orn  these  | 
perforations' of  the  shell— from  the  ambu- 
lacra.   The  feet  of  the  echinus  have  the 
same  structiure  as  we  see  in  those  of  the 
asterias. 

There  are,  also,  in  the  echinus,  nmsclcs 
which  move  the  alveoli  of  the  teeth,  so  as 
to  separate,  or  advance,  or  retract  those 
alveoli.  Those  muscles  which  act  on  the  al- 
veoli, and  which  mo\'e  the  teeth  from  each 
Other^  are  fi.Kcd  to  the  muscular  plates 
formed  chiefly  by  the  lowest  pair  of  the 
ambulacral  plates.  Those  plates,  on  each 
tide,  rise  up  and  form  an  arch,  and  meet, 
leaviug  a  passage  between  them :  some- 
times they  do  not  tj[uite  meet,  as  here  in 
the  ddarai.  For  the  motions  of  the  solid 
spines  theyhave  aKso  a  distinct  muscular 
stiurtme,  consisting  of  strong  fihrcs,  ex- 
tciidiug  from  the  base  of  the  spines  to  the 
margin  of  the  broad  base  on  which  the 
tubercles  rest.  Tliesc  anininls  ran  rai<c 
up  their  whole  body  by  the  force  of  these 
muscles  of  the  spines,  and  thus  push  them- 
selves forwards  on  a  rough  surface;  and 
the  spatangus  burrows  in  the  sniuls  by  the 
action  of  the  same  muscles.  The  whole 
surface  of  the  body  of  the  hotoikuria  is 
naked,  tough,  coriaceous,  and  highly  irri- 
table j  the  animal  14  provided  with  the 
usual  long,  tubular,  retractile,  fleshy  feet, 
which  are  disposed  in  five  longitudinal 


crowde^l  columus,  giving  the  body  a  pen- 
tagonal form;  and  it  has  muscles  for 
its  der.tal  apparatus.  The  larger  plates 
arouud  the  mouth  give  attachmcut  to  veiy 
strong  muscnlar  hand%  which  you  will 
perceive  c\ tending longitttdumDymnn  the 
anterior  to  the  posterior  extremities  of  the 
body.  Those  muscular  bauds  serve  to 
mc)ve  the  holotburia  with  considerable 
(pjiclcncis  and  force  in  every  direction. 
The  body  is  distended  by  the  respiration 
of  water  drawn  in  through  the  anus, 
through  the  cloaca,  up  through  those  ra- 
mified tubular  organs  wluch  are  internal 
branchisc. 

Thus  we  see  that,  in  the  lowest  tribes  of 
animals,  the  general  fleshy  SttllStance  of 
the  body,  without  fibrous  structure,  and 
without  nerves,  exhibits  but  a  dow  and 
feeble  contractile  power ;  and  to  compen- 
sate for  tliis  languid  irritability  of  the  ge- 
neral mass,  the  highest  degree  of  vitality, 
and  often  extraordinary  power  of  moUon, 
are  appropriated  to  special  organs,  such  as 
the  cilia  of  poly^astiica,  poriferous  ani- 
mals, and  tne  cillograde  acalepha,  the 
cilia,  tentacula,  and  polypi  of  zoophytes* 
and  the  tubular  feet  ol  echinoderma.  The 
fibrous  structure  of  the  muscular  system 
is  developed  simultaneously  witii  the  ner- 
vous in  the  echinoderma,  and  perhaps 
c\'en  in  the  acalepha,  and  in  the  larger 
polypi  of  the  zoophytes.  The  active  or- 
gans of  motion  of  this  inferior  division  of 
the  animal  kingdom,  like  the  rest  of  their 
internal  structure,  relate  chiefly  to  food, 
or  to  progressive  motion  as  a  means  oC 
obtaining  it. 
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Gentlemi.n,  -  Your  good-nature  took 
me  so  far  :it  the  last  lecture,  that  I  was 
obliged  to  break  ofi"  abruptly,  but  1  will 
take  the  opportonity  of  going  bade  a 
little  to  sec  what  we  were  doing. 

We  were,  if  you  rememljcr,  eugagcd  in 
following  up  a  train  of  observations  fairly 
suggested  by  the  arrangement  of  (bete 
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preparations.  We  were  tracing  the  rela-  j  the  surrounding  aac^  soft,  and  then  cryi- 
tlon  between  Ikme  as  a  part  of  ttie  living  tallixes  so  as  to  produce  extreme  hsrd- 

body,  as  a  secret  inn  of  living  vessels,  as  n ess  mul  elnv'^v  frncture.    There  is  acir- 


being,  under  the  influence  of  those  vessels, 
Absofbed  and  deptysited,  and  we  then  con- 


cuiustauce  connected  with  this  worthy  of 
notice.  There  is  a  great  sac  containing, 


stdered  the  other  deposits  of  calcareous  |  wi  sii  ill  say,  the  dsciduoua  tooth  of  the 
matter,  which  arc,  perhaps,  difTercntly '  inlaiit.  Attached  to  this  is  a  little  neck, 
circumstanced.  Thus  we  found,  that  in  i  A  small  thing  like  a  vessel  out  into  a 
tfaecnutecea,  the  carbonateand^ospbate  |  stnaUerbrandip  oriMdide,  and  constitutes 
of  lime,  united  w  hh  a  certain  portion  of  an  early  or  embr)'o  condition  of  the  adult 
gluten,  form  the  hard  material.  In  the ,  tooth.  Now  we  can  uuderskaudi  that 
testaeea,  carbonate  of  lime  only  exists,  when  we  nee  a  hmoet  to  cut  de^  inia 
From  a  knowledge  of  this,  wc  are  cna-  j  tbe  jaw  of  an  infant,  we  may  cut  into  this 


Med  to  correct  the  notion,  that  in  cortniTi 
parts  of  some  animals,  the  leg,  for  ex.uti- 
ple,  1>one  fimns  tbe  bard  portion.  But 
what  appears  to  be  bone  in  them,  does  not 
consist  of  layers,  and  has  no  phosphate, 
Imt  only  tbe  caibonate  of  lime,  which 
forces  us  to  place  the  hard  substance  ra- 
ther amoTip:  «)iclls  than  hone.  In  the  por- 
celain shell  we  have  a  very  large  propor- 
tion of  carbonate  of  lime,  with  a  very 
«mall  portion  of  animal  matter.  The  '^n-nc 
occurs  in  mother>of>pearl.  I  mention 
fhete  things,  becanse  they  arc  suggested 
by  the  aiiiingciacnt  before  me,  and  bc- 
oause  the  great  authority  whom  we  fol- 
low, meant  that  they  should  be  viewed  in 
<!onnexion  with  our  subject.  In  the  mo- 
(her-of-pcari  a  ?mall  portion  of  carbonate 
of  Lime  has  been  deposited  upon  a  fihrouj 


parations  are  in  the  collection,  showing, 
that  when  the  carbonate  of  lime  is  re- 
moved by  maceration  in  ncid,  the  fine  ir- 
nidiant  colours  continue  to  exist  in  the 
membrane,  which  proves  to  ns  that  the 
colour  is  not  in  the  substance  but  on  the 
euiface  oi  the  shell,  and  that  the  irradiant 
appearance  of  mother-of-pearl  may  l>e  im- 
pressed upon  wax,  or  anytbini*  rise  which 
"will  take  a  cast.  You  see  liow  these  in- 
stances bear  upon  the  sulijcct  of  the  teeth, 
because  it  is  contended  that  the  teeth  are 
not  bone,  do  not  belong  to  the  skeleton ; 
that  they  are  cxcrcted  parts,  no  longer 


SAC  before  the  enamel  is  secreted  and 
iormed,  and  that  therefore  when  the  tooth 
arises  the  enamel  is  imperfiset  or  irregQ-* 
lar,  and  you  have  laid  the  foimdntion  for 
an  early  wasttag  of  the  tooth.  This,  bow- 
ever,  signifies  tatlitHe,  becunon  It  isu4^ 
ciduous  toodi ;  but  I  point  out  the  circum« 
stance  to  yon,  that  the  little  sac,  the  des- 
tined place  in  which  tbe  permanent  tooth 
is  to  be  ibnned,  is  so  connected  with  tiha 
f?um,  is  s»o  rnnnccted  with  the  original  sai^ 
the  sac  containing  tbe  deciduous  tootii* 
thsA  if  an  unuituial  w  morbid  notion  tate 
place  in  tbe  one  sac,  the  other  also  may 
be  deranged.  Hence  if  there  be  disease 
during  the  period  of  the  early  formation 
of.  tbe  decidnous  tooth,  orif  that  tooth  be 

improperly  iTitrrfrrrd  with,  it  not  tbe 
deciduous  tooth  alone  which  stitters,  but 


membrane ;  and  some  very  beautiful  pre-  the  permauent  tooth  grows  up  iri-eg^arly 

and  imperfeol^)  and  fa  n  eoi^tiea-to  dft* 


cay  early. 

But  tiie  dtAicuity  here  is  to  understand 
how  tbe  very  complex  teeth  are  fonnediu 
the  gramnivorous  animals.  How,  for  ex- 
ample, the  elepliaut's  tooth  is  formed, 
where  tbe  enamel  is  not  merely  deposited 
upon  the  siu  fac  c  by  tbe  sac^  but  enters 
deep  iTito  the  tooth,  providing  thus  a 
lauch  more  perfect  security  against  rapid 
waste  from  attrition  and  mastication.  I 
would  fain  hope,  however,  that  wc  shall 
not  find  the  subject  so  difldcult  as  it  ap' 
pears  to  be.   In  the  upper  part  of  tbe 


vndcr  the  control  of  the  system,  no  longer  of  the  elephant's  tooth  there  is  a  smaller 


Absorbed  as  natural  hone  is  absorbed 

Let  me  then  return  to  tltt:  luode  of  for- 
mation of  the  teeth  ;  for  tbe  distinction  is 
more  in  the  mode  of  putting  it  than  in  tlie 
chemical  substance.  I  slated  that  the 
simple  bone  ofthe  incisor  tooth  was  formed 
upon  the  pulp  which  is  contained  within 
the  little  saf;  that  the  internal  ])ulj)  se- 
creted the  bone  of  the  tooth,  or,  more 
correctly  speaking,  tbe  ivory  of  the  tooth, 
and  that  the  snrronnding  njcmhranc  ?c 
creted  and  deposited  the  enamel  upon  it, 
'wbtch  enamel  is  peculiar,  and  may  be 
distinguished  by  containinc;  fluate  of  lime, 
instead  of  the  jihosjdiate  and  carbonate; 
and  that,  anatomically  coniiitlcred,  it  also 


is  dtfienrnt,  inasmuch  as  it  is  secreted  by  irregubuv  <uid  so^  Ihwi  neceni^,  it  tke 


sac,  vvhii  h  has  interstit  es  that  fall  dovs'n 
in  corresjionding  intervals  of  the  pulp. 
Let  me  here  advert  to  a  rude  sketch  that 
I  have  drawn.    Suppose  we  take  the 
grinding  tootii  in  man  ;  }  on  sec  that  there 
is  tbe  pulp,  with  vessels  catering  into  it? 
already  it  has  taken  the  law  of  formation 
npon  it,  or  is  under  the  influence  of  the 
law  by  which  it  becomes  vascular,  and 
tliat  becoming  vascnlar  it  begins  to  se- 
crete.   Tint  secretion  is  ivor)'  or  bone, 
and  tiic  tooth  now  wants  its  crown.  The 
tooth  having  become  ])rcpared  for  tIAfr 
the  enamel  is  deposited,  and  as  the  on* 
gittal  pulp  v.as  irre^^ular,  standing  ^ 
in  points,  so  the  bone  of  the  tcotb  i» 
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ON   THE  MUSCULAR  SYSTEM  OP  THE 
ABnCULATfiD  OLASSBS. 

Thr  movements  of  the  entozoa  are  ex- 
tremely slow,  even  when  powerfully  ex- 
cited, and  the  imperfect  development  of 
their  muscular  apparatus  corresponds 
with  the  low  condition  of  their  nervous 
•ystem.  The  fibrous  structure  of  their 
motcidar  system  fiobWoat  in  many  of  the 
intestinal  worms,  and  is  apparent  also  in 
all  the  higher  classes  of  articulated  animals. 
The  fibres  in  these  classes  are  nearly  as 
odlourless  as  the  blood ;  they  are  distinct, 
oqpecially  when  acted  on  by  heat  or  by 
alcohol,  but  they  are  still  soft,  and  have 
very  slight  connexion  with  each  <^her; 
they  are  less  fibrinous  in  their  composition, 
and  less  intimately  united  by  cellular  tissue, 
than  m  higher  classes  of  animals,  but  more 
than  in  the  lower.  Where  the  exterior  cover- 
ing of  the  segments  of  articulated  animals 
is  of  a  firm  and  unyielding  nature,  the 
mntcidar  fibres  and  faedculi  which  move 
those  segments  are  dispo:>ed  in  the  inte- 
rior chiefly  in  longitudinal  and  oblique 
directions ;  but  in  those  which  have  the 
exterior  covering  of  the  body  of  a  soft  and 
clastic  consistence,  as  in  intestinal  worms, 
the  contractile  fibres  are  placed  longitu- 
dioalljaDdnorttnuimiiajr.  Thelongi- 

Mo.m. 
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tudinal  and  transverse  muscular  fibres  w® 
have  seen  in  the  tubular  membranous  feet 
of  the  echinoderma,  we  again  find  to  have 
the  same  disposition  on  the  long  cylindri- 
cal bodies  of  the  nematuid  or  fiUform  en- 
toson. 

Although  no  muscnlarfllanienta  an  per- 
ceptible on  the  neck  or  on  the  sac  of  the 
c}  stoid  worms,  as  the  cysticercus  andcoe- 
nnnis,  they  possess  tliat  slow  contractile 

power  which  we  have  seen  to  be  a  com- 
mon property  of  the  cellular  homogeneous 
substance  composing  the  body  in  most  of 
the  inferior  classes,  where  no  fibrous 
stractJire  exists.  The  complicated  appa- 
ratus of  the  head,  the  suckers,  the  re- 
cnrved  spines,  and  the  long  slender  pro- 
cesses, seen  on  the  nnterior  extremity  of 
the  body,  both  of  the  cystoid  and  cestoid 
entozoa,  the  hydatids,  and  taiie-worms, 
possess  greater  contractile  power  and  ex* 
tent  of  motion  than  the  other  parts  of 
their  body.  In  the  depressed,  flat,  leech- 
IHte  forms  of  the  trematoid  worms,  as  tbo 
distoma  so  crmmon  in  the  liver  of  cattle 
which  have  fed  on  recently  inundated 
pastnre,  and  so  much  resembling  enlarged 
plannrise,  we  observe  greater  irritabiU^ 
of  the  whole  body  than  in  the  former 
groups,  without  muscular  fasciculi  being 
yet  developed.  In  tlie  long  cylindricu 
bodies  of  the  acanthoccphala  and  nema- 
toid  worms,  the  ti-ansverse  fibres  of  the 
outer  layer  [Pig.  125,  1)  immediately  be- 
neath the  tough  elastic  sicin  of  the  body, 
do  not  go  continuously  round  the  body, 
but  pass  in  a  very  interrupted  manner, 
interlacing  with  each  oilier,  and  fomiins 
an  outer  muscular  layer  of  short  detached 
transverse  irritable  fibres  (i^.       %)  | 


Pijf,  125 
3  12 


so  that  if  you  examine  the  surface  with  a 
lens,  you  may  perceive,  through  tiie  tnuis- 
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IHurent,  dense,  exterior,  homogcncoti.^  in- j  into  numerous  small  segments  amoug  the 
tegument,  which  gives  claaticity  to  these  annelidcs  that  you  have  that  beautifuU 
worms,  and  which  is  the  analogue  of  the  regular,  and  symmetrical  disposition  of 
more  solid  skeletons  of  higher  artictt>jthe  longitudinal,  tmnsverse,  and  oblique 

latcd  classes,  a  white  striated  layer  of  muscular  fibres,  which  we  can  trace  v  ith 
these  transverse  filaments.  On  lookiiif?  frreat  uniformity  upwards  through  tiie 
at  it  iu  that  way,  it  might  ap[«ear  as  if  higiier  iirticulHted  classes,  with  more  dense 
they  were  circular  ril)rei  passing  com- (and  more  regularly  joiuted  skeletons.  The 
plctcly  round  the  l)ody.  lint  upon  c\-  moutli  is  lioncrally  provided  in  the  ento- 
amining  it  more  closely,— ami  there  is  an  zoa  both  with  organs  of  suction  and.  with 
obvious  reason  for  this*- there  is  not  a 'organs  for  fixing  the  body,  or  abrading 
single  filament  which  goes  round,  hut  each  the  surface  to  he  sucked.  ^V^len  these 
fibre  only  pocs  n  short  distance  So  that  organs  around  the  mouth  are  divided  into 
the  whole  of  this  transverse  tnuseular  coat  lubes,  the  longitiulinal  muscular  fibres  of 
consists  of  parallel  short  filaments,  dis-  the  inner  la\  er  are  observed  to  divide  into 
posed  almost  close  to  each  other,  so  as  to  ;  distinct  tasseieuli,  w  liieh  are  directed  for- 


forni  a  continuous  muscular  coat.  From 
the  exterior  integument  itself  being  a  soft, 


wards  for  the  motion  of  those  organs, 
as  vre  see  repeated  in  the  leech  for  the 


elastic,  tough  substance,  destined  to  give !  motions  of  its  teeth.  The  cntomoid 
tenseness  and  form  and  protection  to  the  worms,  most  frcqticntly  found  adhering 
body  of  the  vvorui,  those  appaicntly  cir-  to  the  external  surface  of  the  body  of 
oular  fibres  must  have  a  myriad  of  inser-(  marine  animals,  present  the  most  artU 
tiona,  in  order  that  they  may  act,  not  culattd  forms,  and  the  most  complex  or- 
on  one  side  only,  or  on  a  few  points  ol .  ganiz^tioos  of  this  class.  Their  organs 
the  exterior  int^ment,  but  on  almost  of  attachment,  as  in  the  lenMnp,  present 


every  point  of  this  exterior  elastic  tunic, 
so  that  when  the  worm  acts  by  its  tn.n«!- 
verse  fibres,  it  draws  the  whole  exterior 
dote  together,  and  contracts  the  body 


distinct  longitudinal  muscular  fibres,  as 
also  the  stroni^  jointed  ma\i!I;n  developed 
at  the  sides  of  the  mouth,  and  they  ex- 
hibit the  most  quick  and  varied  niove- 


equnlly  throughout.  That  is  the  structure  uients,  to  the  extent  allo'A  f  t]  hy  thoii- or 


of  the  outer  stratum  of  muscular  filaments. 

When  however  you  cut  open  the  worm, 
and  look  down  upon  its  inner  suriacc,  you 

observe  no  such  arrangement  as  those 
transveri:c  fibres.  The  fibres  then  pre- 
sented to  you  {Fiff.  12."»)  are  disposed  lon- 
gitudinally in  four  distiiu  t  baiid-?  [Fit/.  125, 
1),  and  thesQ  longitudinal  filaments  have 
the  same  short  interrupted  form  {Fiff.  125, 
3).  You  will  see  thn  i  magnified  in  the 
figures  before  you  of  tlie  aHcnrh  him- 
Iricoides,  by  Bojanus  ami  by  Cloquet. 
In  thU  way  tite  mnsealar  coat  of  these 
cylindrical  nematoid  entozoa  consists,  ;^e- 
neraliy,  of  au  interlacement  of  these  short 
interru[ited  fibres,  one  series  transverse 
and  one  longitudinal— the  transverst'  occu- 
pying the  outer  stirface,  the  longitudinal 
the  inner,  as  iu  the  tubular  feet  of  ecbi- 
nodenna. 

There  are  no  distinct  segments  yet  de- 
veloped in  those  worms.  If  tlicre  were 
distinct  segments,  what  woidd  he  their  in- 
ftueuce  ou   these  nuiscidar  fibres.'  In 


gans  of  attachment.  Tina  greater  uiu^i- 
cular  development  of  the  entomoid  ento- 
xoa  corresponds  with  the  more  elevated 
grade  of  their  nervous  systenj  and  of  their 
organs  of  sense,  and  with  tiie  more  ex- 
tensive aeration  of  their  surface,  by  their 
extern nl  position  on  the  animals  whose 
blood  they  suck.  Those  which  are  en* 
tirely  buried  in  the  fleshy  substance  of 
other  animals,  or  in  their  internal  viscera, 
require  little  muscular  development,  and 
little  power  of  locomotion,  from  their  food 
being  always  at  their  mouths. 

There  is  another  small  class  of  those 
helminihoid  articulated  animab,  in  which 
we  observe  the  e.vterior  integument  still 
^  oft  and  transparent,  and  still  with  ver^ 
little  trace  of  transverse  ting-like  unulc- 
ings.  lliose  1  allude  to  are  the  rot{/eroti9 
animals,  which  are  frequently  still  placed, 
from  their  minuteness,  among  the  iufusory 
animalcules.  In  these  very  small  rottfe- 
rous  animals,  we obiicrve  that  the  muscular 
fibres  are  not  only  distinctly  visible,  but 


place  of  having^  these  irregrular  longitudi-  that  there  are  distinct  muscular  bands,  in 
nal  filaments,  without  any  definite  points  i  which  the  continuous  lung  fibres  have  a 
of  the  body  for  their  insertions,  they  direction  parallel  to  each  other,  and  ter- 
would  all  l)C  inserted  into  determinate  j  minate  on  definite  points  of  the  body,  for 
parts  of  the  segment*!;  hut  as  the  whole  the  motion  of  particular  organs.  Wc  see 
of  the  e.vterior  coat  is  cqiiylly  elastic,  and  .  in  this  v.  heel-animalcule,  the  hydatina 
equally  retiwii^s  tO  be  everywhere  acted|Mn/«f  [Fiff.  126),  many  of  those  muscular 
upon,  it  has  innumerable  insertions  of  the  hands  i /  ;//.  12f;,  d}  jias-sing  down  longitu- 
longitudiual  filaments,  as  well  as  of  th&!diuaUy  from  the  head,  nearly  as  we  saw 
trausi'crse.  It  is  therefore  where  the  intho  laige  holothnria.  Those  act  with 
body  begins  to  be  more  regularly  divided  'great  power  longitudinally,  in  contnctiagr 
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in  ditfctent  directions,  the  whole  body,  these  nta&illsc  are  moved  by  very  power* 
You  will  observe,  also,  that  at  the  ante-  ful  iDTtscles  (Fip.  12^,       fonninft  tho 

rior  i>art  of  the  body  there  are  <listin(;t  large  lohc<l  inaff  of  the  niciith.  Yoiiuillob* 
round  ligaments  passing  towartls  the  base  serve  that  at  each  ^Ulc  of  the  inaxiHx  there 
of  tho  cu'cular  uuisculur  luasiics  [Hi/.  12u,  i^i  a  large  muscular  apparr.tt'S  fnrniing  a 

I  lobe,  and  forming  thus  two  great  mn^L  ular 
fig.  126  masses,  which  appear  to  be  deistined  solely 

ito  move  the  transverse  jaws.  These 
•  maxilla*,  from  their  density,  art  capablt 
;of  bruising  the  scft  and  minuter  ibruiS  of 
animaictiles  upon  which  the  animal  feeds. 
'i  There  are  also  btrong  muscles  {Fig.  I'Zd,  c), 
j  disposed  90  as  to  retract  the  whole  of  this 
oral  ai)paratn3  fuitber  into  the  body  of 
,the&e  vujioos  wheel-animalcules,  as  you 
I  see  represented  In  these  enhirged  viewf 
:  of  Ehrenberg. 

{    In  this  minute  transparent  whecl-ar.i- 
'malcule,  tiie  fiydai'maueniu  [Fig.  12fi),  you 
lobeerve  a  complex  internal  organization- 
'accompanying  its  higli  muscular  devclop- 
jment.   There  are  17  muscniar  lobes  (aj 
j  for  the  notions  off  thecain  (/)  aromid  th« 
I  mouth.  The  wheie  nmeeoiar  appMatee 
I  fi)  of  the  maxilla'  and  the  imnitb  are  re- 
j  tracted  by  longitudinal  musclesi  (e)  which 
I  pass  obliquely  backwardsy  and  th«  wHtAtf 
'[body  can  be  forcibly  I'etracTcd  towards  the 
tail  by  several  logitudinal  bands  of 
imnseitlar  fibres  extending  the  MNim 
I  length  of  the  animal.   The  large  Siiprif- 
I  n'30|)hr.a:cal  tranglion  (o)  i<  accnmjwnied 
I  ity  otiu  r  iour  g;uiglia  aiouiid  the  u'^opha-* 
i  gns,  and  abdominal  nervous  filaments  {p) 
j  rxrc  ?con  eyfcnding  loni^itndinally  on  the 
I  inferior  surlace,  as  in  other  articulated 
classes.   The  narrow  orsophagiis  (g)  leads 
to  a  long  and  capacious  stomach  «r  diges- 
tive  canal  (A;  containing  tunncrous  nnnnte 
animalcules,  species  of  uavicuio',  and  the 
anns  (t;  o|i€ns  act  the  dorsal  snrfaee  of  thtf 
body.    The  longitn.final  dmsal  vessel  {e), 
as   in  most  articulata,  follows  tl»e  mC' 
dian  line,  and  gives  off  nnmerons  lateral 
branches  in  its  course.    Two  gianthilar 
sacs  a])j)ear  to  pour  their  secretions  into 
I  the  u;:>opbagus  or  mouth,  as  the  liver  of 
I  Crustacea  into  the  pylorie  end  of  their  ea« 
I  pacious  stomach.    The  two  ox  arics  m) 
j  form  large  lobed  organs  on  each  side  of 
j  tiie  atomattby  and  open  by  one  orifice  info 
;ihe  doncBr  behtml  the  rectimi,  nml  two 
fl\  at  the  free  or  anterior  extremities  of  long,  narrow,  ghuuhilar  sacs  7),  considered 
which  circular  or  spherical  lobes,  are  dis-jaa  male  organs,  pour  their  secretions  into 
posed  the  little  viltratile  eilia  {F^g.  126,  a  large  memhranom  tVside  (n)  pla<!ed 
f).    lliose  ligaments  serve  to  keep  in !  behind  the  cloaca. 

place  the  moving  vibratile  organs,  and'  Thus  you  |>eiceivc  we  derive,  even  from 
the  globular  parts  themselves  arc  tiie  the  moscular  system  of  those  very  minuto 
roofdee  whieh  are  considered  as  subser  ;  beings,  the  rotifeiotis  animals  or  the  wheel* 
vient  to  the  circles  of  vibratile  cilia,  anitiialculcs,  a  further  reason  for  ])lncing 
Those  animals,  as  we  observe,  arc  pro-  i  them  higher  in  the  itcale  of  animals  than 
vided  with  strong  mandibles,  a  single  they  are  generally  allowed  to  occupy, 
pair,  one  on  each  siile,  bat  presenting  nu-  They  move  rauidly  through  the  waters  by 
meroiis  parallel  teeth,  which  f^ive  a  ser-'tbe  rn|iid  vibrations  of  those  circles  Cf 
rated  maj  giu  to  the  whole  ol  the  jaw    cilia  disposed  on  the  anterior  part  of  their 
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peduncle  by  which  they  are  suspended 
trom  the  shell  u  itself  contractile,  and  hat 
an  interior  muscular  tunic,  although  yoa 
can  scarcely  i>eroelve  an  appeafance  of 
muscular  fihves  in  it  throiigb  its  trans- 
lucent exterior  ligamentous  coat.  The  in- 
terior of  thiii  long  fleshy  peduncle  is  lined 
with  a  cellular  structure.  The  extetfor 
intognment  is  tough  nnd  coreaceous,  and 
when  the  animal  to  contracted  it  becomes 
opaque,  and  it  is  often  of  a  dark  coUrar,  aa 
yoiiohservc  in  this  spccin)en,  especially  in 
tho  part  next  to  the  shell.  The  young  in- 
dividuals which  you  here  observe  adher- 
ing to  the  surface  aroond  the  parent's  shell 
anf!  j)ptl uncle  are  not  growing  from  the 
body  of  the  parent,  hut  are  merely  stick- 
ing to  the  florihce  of  one  of  the  thella  aa 
they  would  to  a  rock,  or  plaata  OF  beam 
of  wood,  in  the  sea. 

Now  we  can  scarcely  perceive  the  dis- 
portion  of  the  muscular  system  in  theae 
extremely  minute  articulations,  but  from 
examining  the  structure  of  articulations 
which  are  analogous  to  them  in  form,  we 
can  see,  as  in  insects  and  in  crustaccoua 
animals,  that  tho'^e  muscular  fibres  are 
disposed  in  parallel  fasciculi;  not  con- 
vei-ging  at  their  extremities,  and  tapering 
to  be  insertofl  into  a  small  tendon,  but 
continuing  parallel  to  each  other  through- 
out their  whole  extent  from  their  origins 
to  their  insertions.  The  operculum  which 
you  observe  complicated  in  the  sessile 
species,  is  moved  by  a  distinct  muscular 
apparatus,  and  can  be  Icept  closed  with 
considerable  force;  it  requires  to  he  con- 
stantly opened,  however,  before  the  animal 
can  extend  these  jointed  and  pectfaiated  oi> 
gans.  They  have  no  power  of  escaping 
from  the  shell,  and  moving  to  and  fro,  any 
more  than  the  other  cittomostiticaust  arti- 
colated  animals.  Among  the  microscopic 
Crustacea,  this  cntomostracous  form  is 
very  common,  but  we  are  ntoie  surprised 
to  aee  it  in  these  larger  artlcnlated  ani- 
mals, the  cirrhopods,  from  the  rarity  of 
that  form  in  the  larp:er  animals  of  thia  ar- 
ticulated division.  The  whole  oi  tlie  con- 
vex dorsal  part  of  the  enclosed  animal  ia 
covered  with  crossing  TiiTi'-cnlar  filjres, 
which  pass  off  in  numerous  separate  fas- 
ciculi,  to  be  attached  to  the  innde  of  the 
proximal  or  closed  part  of  this  multivalve 
shell.  These  draw  the  animal  qnirkly  and 
forcibly  back  into  the  shell  alter  its  body 
has  been  projected  for  respiration  or  lor 
ipiratory  organs.    In  the  living  state  of  I  food.    The  haunches  of  the  jiintptl  incm- 


bodjv  ivbieh,  when  in  action,  appear  to  the 

eye  like  wheels  in  continued  r(  vohition, 
and  by  tbe:^e  same  motions  they  bring  the 
animalcolea  to  their  months,  which  serve 
them  for  food.  They  have  also  numerous' 
analogies  with  the  articulated  classes  of 
animals  in  their  dorsal  vesiiel,  their  ner- 
Toua  ayatem,  their  latend  maxillse,  and 
other  parts. 

The  muscular  system  is  still  more  dis- 
tinctly  developed,  and  more  complicated 
in  the  cirrhopods,  the  motions  of  which, 
especially  of  the  long  jointed  cirrhi,  are 
performed  with  great  i*egulai-ity  and  force. 
These  articulated  animals,  from  their  ex- 
terior multivalved  testaceous  appearance, 
not  from  an  analogy  diacoi'ered  in  the 
atmcture  of  the  endosed  animals,  have 
been  generally  placed  araonp  the  mollus- 
cous classes  of  animals.  They  are  sur- 
rounded externally  by  a  fleshy  muscular 
lining  immediately  within  the  shell  itself 
which  enclose?  the  arttrulated  body  of  the 
amrnal.  The  animal  is  placed  upside- 
down  In  the  pedunculated  shells  you 
look  upon.  The  same  is  the  case  with  the 
sessile  bafani,  ant!  with  all  the  other  cir- 
rhoiiod^.  The  part  that  projects  from  the 
aheil  consists  of  the  articidated  members, 
extending  from  the  sides  of  the  post  ahdn- 
meu,  that  part  along  the  anterior  surface 
of  which  yoQ  can  perceive  the  knotted 
nervous  cords  extendin}?;  and  the  bran- 
chiae art  placed  at  the  base  of  the  legs,  as 
you  see  in  most  of  the  crustaceous  animals, 
so  that  they  are  moved  by  the  motlona  of 
tht}-p  cirrhi  or  curlefl  organs.  When  we  ex- 
amine the  structure  of  those  oi^ns  like 
articulated  leet,  we  observe  them  to  be 
beautifully  articulated  from  the  one  ex- 
tremity to  the  other,  and  the  articulations 
diminish  in  size  gradually,  from  the  base 
towards  the  apex.  There  are  tofts  of 
little  bristles  c^ctending  from  their  convex 
auriace,  which  are  vei^  short,  but  there 
are  long  and  large  brlstlea  developed  from 
their  concave  surface.  We  observe  that 
these  very  minute  cirrhi,  extending  from 
the  concave  sur£sce  of  the  larger  organs, 
are  also  themselves  jointed,  and  that  from 
those  cirrhi  we  perceived  other  cirrhi  de- 
veloped, but  the  microscope  can  scarcely 
go  fitrther.  Now  if  all  those  parts  have 
the  blood  distributed  equally  through 
them,  they  must  present  an  immense  re- 
spiratory surface,  and  there  are  some  rea- 
Ibr  all  those  l»eing  considered  as  re- 


the  animal  it  is  employed  constantly  and 
TCgolariy,  when  in  the  water,  in  extend* 

ing  and  retracting  this  pectinated  part  of 
the  body,  as  if  for  the  aeration  of  the 
blood.  In  the  posterior  part  of  the  cir- 
flioped  Is  placed  the  strong  transverse 
•ddoctor  fliiMcle  of  the  ahells.  The  kmg 


hers,  and  the  base  of  the  proboscis  also, 
receive  muscles  from  this  dorsal  part  of 
the  animal,  for  their  varied  movements, 
and  they  continue  into  the  separ;)to  joints 
of  the  cirrhi,  to  an  invisible  minuteness. 

In  the  dasa  of  mnsliils,  or  red-blooded 
wonnSfWe  obserre  many  aaioMls  thathavo 
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ftil  artloulated  body,  and  even  articulated  :  locomotion  in  annelida  consist  of  bristle*, 


which  extend  sometimes  singly,  as  yon  ?ee 
in  this  gtjflaria,  and  sumetinica  in  great  faa- 
cicull,  at  you  see  in  this  aea  mouse,  or 
haUtheay  and  m  this  pkume  from  tbo  In* 

dian  seas. 

In  the  common  earth-worm  they  ex- 
tend from  the  body  in  pairs.  £acl)  seg- 
meat  of  that  animal  {F^*  127. 1)  lias,  ex- 

Fisi.  127 


members,  and  which  are  often  enclosed  in 
calcareous  shells.  This  we  have  seen  in 
speaking  of  Uie  skcletooaof  the  serpulie. 
We  hav^  seen  that  these  animals  secrete 
a  calcareous  shell  of  the  same  composition 
at  that  of  the  multhralved  drrhopods,  the 
cnibonate  of  lime  and  animal  matter, 
formed  in  layers  deposited  the  one  within 
the  other.  We  have  seen  many  others  of 
these  worms  in  tubes,  from  which  they  can 
readily  extend  thrir  liody  for  reviiiiation 
and  food,  like  the  former  claii< 

Many  of  these  worms  are  quite  naked, 
as  the  leech  and  the  earth-worm,  and  we 
observe  great  uniformity  in  their  organs 
of  motion,  and  generally  in  their  muscular 
system,  whether  they  be  tnhicnlons  or 
naked.  They  present  a  distinct  muscular 
tmuc  of  a  complex  structure  immediately 
beneath  the  outer  skin,  and  intimately 
united  to  it,  besides  the  muscular  fasci- 
culi np;»ropriiitcd  to  the  motions  of  the 
lateral  bristles  which  project  from  mus* 
etdar  sheaths.  This  muscnhur  covering  I  tending  from  its  margin  or  articQlatton» 
is  resolvable  into  several  layers,  and  eac  li  Anir  jjairs  of  those  oricans  of  progressive 
of  these  into  innumerable  seiiaratc  fasci-  motion;  but  in  the  eaith-worm  they  have 


culi,  the  exterior  of  which  have  an  oblique 
or  a  traasveiae  direction,  and  the  most 

interior  generally  a  longitudinal  course. 


a  curved  form,  and  terminate  in  very 
sharp  points  i^ftff.  127,  2).  You  require 
the  lens  to  see  them  in  this  worm,  but 


as  we  have  seen  in  the  entuzoa,  and  even  you  can  feel  them  very  well  with  the 
in  the  tubtilar  feet  of  the  echinoderma,  |  Angers.  Thus  there  are  eight  of  those 

and  in  the  tubular  peduncles  of  the  eyes! curved  spines,  pointed  anrl  tubular,  lUs- 


of  the  snail.  These  longitudinal  muscles  are 
generally  divided  more  or  less  into  distinct 
bands  by  perce|itiblc  longitudinal  separa- 


posed  between  each  pair  of  segments. 
They  are  disposed  in  such  a  way  as  to 
constitute  on  each  side  ci the  earth-worm 


tions,  as  we  saw  iu  the  frim-  longitudinal '  two  longitudinal  series,  so  that  there  are 
bandsiof  the  a»can«  iumi/nconles  among  the  j  four  longitudmal  series  of  organs  for  pro- 
entozoa,  and  even  in  the  strong  longitudinal  I  gressive  motion  along  the  whole  sides 
muscles  unflc  r  the  sldii  of  tlic  holoihvria  of  tlic  body.  Thus  wc  find  those  burrow- 
amoag  the  echinoderma,  and  the  longitiuii- 1  ing  animals  provided  with  the  means  of 
nal  moscles  of  the  aeiima,  which  &o  nmeh  advancing  from  the  earth,  or  the  canal  in 
resembles  an  isolated  polypus  of  a  large  which  they  rest,  and  of  retracting  them- 
caryophylia  among  the  zoophyte-.  This  selves  with  great  velocity,  when  they  are 
complex  exterior  muscular  timic  in  the ;  alarmed,  into  the  holes  they  occupy  in 
annelides  a])pcar8  to  act  on  the  intestine  myriads  in  the  nofi  soil  of  all  continents, 
and  the  other  abdotuiual  viscera,  as  wellliSow  those  tubular  organs  of  locomotion 
as  on  the  external  rudimentary  small  close  i  are  surrounded  at  their  base  generally 
aodnumerous  segments  to  assist  in  progres- ;  by  the  muscular  apparatus  that  moves 
sive  motion.  The  exterior  layer  of  mus-  j  them,  so  that  they  are  placed  in  a  mus* 
des  is  sometirnr?  flotible,  the  one  consist-  cular  sheath  (Fiff.  127,  2j ;  but  there  are 
ing  chiefly  of  oblique  fasciculi,  and  the  ^  some  of  those  articulated  animals  in 
oth«rof  transverse,  and  both  exterior  to  whic*h,  if  yon  examine  them  with  care 
the  longitudinal  fibre*.  When  we  examine  [  through  a  niagnifj  ing  glass,  you  can 
these  muscles  ujiuutcly,  we  find  that  they  perceive  that  those  members  which  ex- 
are  arranged  with  great  regularity,  and  ;  tend  from  the  sides  of  the  body  are  regu- 
that  those  of  one  minute  segment  so  per-  j  larly  articulated,  and  that  they  are  tubu- 
fectly  resemble  those  of  another  scgnu'nt,  hr,  enclosing,  as  in  the  cirrhopods,  their 
and  even  in  ditfereut  species  of  the^e  motor  muscles  i  that  they  have  distinct 
worms,  that  the  study  of  those  of  a  single  joints  along  their  course.  In  them  we 
segment  affords  a  key  to  those  of  all  the  can  distinctly  perceive  that  the  joints  are 
rest,  and  even  to  their  general  dissposition  suscejitihle  of  motion  ui)on  each  f?ther, 
in  the  segments  of  the  trunk  in  the  larvie  wnich  compose  those  apparently  snupie 
of  insects,  in  myriapods,  and  in  all  arti-  bristles  extending  from  the  segments, 
oolated  olaisos.  The  common  organs  of  !as  in  tbe  nereides.    But  even  the  ap* 
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peudiccd  developed  from  the  \asit  seg-  manner  around  thAt  orifice.  There  is  thuf 

ment,  and  {ilso  trom  the  ffrst,  exhibit  an  great  untforndty  and  great  ehnpHcity  iu 

artifulateil  tiihuiar  :;h  ii(:t;uc»  enclosiiVj;  the  fronoral  dispositifiii  of  the  iim;c;i!  »r 
the  in:)t  n-  rnnstlo-i.  'I  hose  p.irts  are  not  systotn  for  ]iro^res8i\  u  motion,  in  thcs>e 
only  moved  at  their  base  by  muscular  ap-  hehiiiitthoi J  classcii  of  articulated  aniniaU, 
paratus,  hnt they  have,  distinctly,  in  their  from  the  eln^itir  filiform  entozoa  to  the 
intci  ijrsofc  pasts,  \v!ii;  h  u'.one  appear  to  most  c!e>  nri"i  rjf  the  ;ii;neli.k's  ;  and  the 
havti  influence  ou  the  motions  of  these  principal  ilitterences  they  nrc^eut  are  mo- 
jointed  merabcri).  This  leads  us  gradu-  dificatioiia  deitendent  on  the  development 
ally  to  the  comlitton  of  the  nmscular  ^ys-  of  various  appcadiccs  from  the  sides  of  the 
tern  in  articulated  classes  with  articulated  segtnents,  and  on  the  coni<oUdation  and 
mcmbcr;i,  vvhc:c  those  jointed  mciuhers  regular  limits  and  articulations  of  these 
have  assumed  anch  large  dimensions,  that  Si-}>:iiicnr«^  throughout  the  body. 
\vc  coT,rjif!iT  thc-<e  classes  as  constitutin'^  On  I  >:>Kiiy.,' at  tin*  trcnu'i  al  d^iioHiion  of 
one  grcut  and  dt^tinct  division  cxtcndiiig  those  unisaiiar  tihres  within  the  softrtogs 
through  tiie  myriaiKids,  the  insects,  the  or  segments  which  still  sarrouml  the  aone- 
arachiiida,  antl  tl:*-  ri  istaca.  Hut  you  li.ics  we  f.;i  I  thnt  the)  form  a  tunic,  which 
oljbcrvc  tiiat  all  those  ann<iides  are  stis-  appears  to  coii*<ist  merely  of  a  simple  layer 
ccptihle  of  most  extensive  and  rapid  mo-  of  irritable  siihstaucc.  Tiie  more  consoU- 
tiou,  both  when  creeping  upon  a  soli  I  sur-  datod  the  riugs,  the  more  distinct  i<  the 
face,  (itid  when  PAniiruini;  freely  in  the  hhrou^  and  m'is;iil;!r  a])prar:incr,  the 
watc('.  They  move  iu  the  water  by  the  more  regular  the  origins  and  inseitions 
serpeiitlne  motions  of  tlieir  wliole  hotly, '  of  the  inuscoiar  fibres  and  faaciouli,  and 
pro  I;u  cd  by  the  conihined  actions  of  all  with  theujore  prcrision  and  effetf  tl;j  they 
th^'  iinisiics  of  the  segments.  They  move  act  \ipon  those  rings.  We  do  not  observe, 
ia  th3  water  aUo  by  extending  and  com-  in  the  hii;her  comlylopoduns  urticulata, 
ini'.ui  a'iag  rapid  motion  to  those  lo:!g  those  muscles  p.i.ssiug  across  several  seg- 
lateral  l.i  i  itl^s  wliit  h  me  sheathed  iu  n»cnts,  an  I  iiifprtcd  into  a  thir  d  rr  a  fourth 
uiusoul  ir  fasciculi,  and  then  serve  them,  oraniqredkilantsegnicut,  aswehudintb^ 
llko  the  Irgs  of  a  myrtapod,  in  motion  Tiiiniite  segments  of  the  aiinelides,  and  av 
I'pDM  the  i^rouj'.d;  ihcy  scrvi:  the  f  int  tion  we  fiod  exciii|)!ified  in  \  crt  joi-ata,  as,  for  in- 
of  tho>c  at  ti;j;i!ateil  memhers.  although  stance,  iu  the  case  of  the  intprcoftnl  mns- 
ihey  posicss  a  much  simpler  structure  of  clcs  of  the  serpents',  which  j;iv  e  a  very  ex- 
solid  I  ri^tica.  tf      ,  i  ;iiolioa  lo  the  rii)8  of  that  verte* 

Thus  wc  veil  that  those  nrti  iilated  hrated  elass  of  auin»a!:  ;  and  s  rve  ther^ 

members  of  thj  articulated  clas:(C8  are  &s  ia  the  articulata,  for  progressive  motion, 

developed  by  their  grattually  enclosing  Here,  in  the  injects  of  Linnaeus,  each  seg* 

the  tnusjuiar  suhstr.nce,  in  place  of  tV.oii-  meat  ap;>c'r»rs  to  have  a  musctilar  appara- 

beiacj  continually  surrounded  by  it,  as  in  tus,  almost  in  every  rc^stirct  like  the  seg- 

the   lowest  of  the  bulminthoid  chssos,  meat  whieh  succeeds  autl  prcceileM  itj  Init 

whore  the  general  arrangement  is  to  that  can  scarcely  be  yet  expected  or  traoe<| 

have  tho   muscular  system  dispose!  on  in  the  anncfides,  where  this  symjnctry  is 

their  outer  surface,  lilce  a  ribrous  irritahie  not  yet  coniplcleiy  c«itabliijhed.  We  see  it 

sheath  around  tho  iwse  of  the  several  tete  most  distinct  in  the  <*rmer  articulate 

which  extend  saliJ  frouj  their  side^.  anhn  ils,  vh'.'ro  the  exterior  integuments 

In  the  common  e.»rth-wo;-m  the  loagi-  have  rxeqtiiretl  in;ich  greater  density,  both 

tudinal  layers  of  nmscles  are  ;daced,  as  from  the  ehitinc  and  Irum  the  phosphate  or 

U^ual,  within  an  exterior  tran8ver;>e  series,  the  carbonate  of  lime.    Now  by  the  tlktn^ 

whijh  lie  cUiefly  (m  ttie  line  of  jimction  of  ineins  that  the  naked  e;irt?i-worin  moves 

the  sci£U)cnts,  and  within  a  middle  layer  through  its  tube  in  the  sail,  ihetubiculotis 

cansditing  of  oblique  fibres.  These  long!-  anitnid  moves  upwards  and  downwanU  |n 

tu  liual  MUHcloi  are  chiefly  coufiaed  to  the  the  tube  it  iahahits  or  secretes;  it  is  by 

dorsal  and  ventral  ain  faees  of  the  body,  the  nu)ii(ms  of  t'losn  l.n!ernl  hristles  whitth 

wherethcy  fpria  layers  exteadiug  the  whole  it  secretes,  exteudaig  fnua  the  siiles  of 

bngtb  of  the  budy.  The  muieuiH.  sheailis  its  body  through  small  aiiertures,  Ukethf 

of  thj  feet,  for  their  extension  and  reU  ac-  splr  u  Ica  of  insects, 
tiau.  CiiUiiist  chit^fly  of  rad  atiug  fiines     iu  the  myriapods,  as  ia  the  worms,  w# 

■«'hich  extend  from  aronnd  the  base  of  observe  a  remarkable  equality  in  the  de« 

the^e  hallo  V  suiues.    The  lips  of  tha  velopiacnt  of  the  scj^ments,  from  the  first 

inoalh  arc  aUo  provided  with  jiamcroua  to  the  la.-t;  and  there  i;*  some  uniformity 

circalu'  and  lan;;itvi  liunl  tnuseles,  ^pcci-  even  ia  the  num!)er  of  tho  scgmeiits ;  but 

ady  appropriUed  for  their  vari-Kis  move-  th>  charaet  r  v.  liich  we  observe  herei 

In?at^^  anil  the  r.nus  U  \iVCA  i  \i-  \  with  «Ii>-  marking  r.a  iafeiiurity  in  the  myriapodf 

tiart  levator  an  J  sphiucter  muscles  pro-  among  il:e  artiv;!!i.t'>.l'auiu>iiU  with  arti- 

cgediu^  iu  a  ri^diating  and  in  a  circular  «ulatea  members,  and  niarluog  thf 
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scitiblaiice  whfch  they  bear  to  the  aime-  ledge  of  the  disposition  of  the  innscles  by 

lidcs,  is  the  want  of  di  tinct  1 1  gions  of  the  '  taking  one  layer  of  tlipui  in  one  segment, 
tmnk,  and  tJie  equality  of  the  development ;  and  having  asceitjitned  the  origin  and  in- 
of  ftll  those  locomotive  appendices  cf  the  ,  sertlon  of  eaih  muscle  in  the  outer  layer 
segments.  Those  segments  give  origin  to  !  in  one  segment,  that  segment  being,  of 
small  articnlateil  tii!>nlar  mefuhers  inrlos-  'course,  almost  rcn<!crcd  useless  fm- fmthcr 
ing  the  uuisrlei^,  and  which  are  nearly  ,  inquiry  by  the  dissection  of  the  first  layer, 
equally  developed  from  the  one  extremity  '  anil  in  tracing  the  mnscles  throughout 
of  the  body  to  the  other;  therefore  you  I  their  whole  extent,  he  perceived  that  the 
perceive  there  is  no  reason  here  for  the  ncvt  segment  contnined  i>reti3ely  the 
development  of  a  thorax,  aji  in  insecls;,  v.itli  '  siuue  muscular  apparutus.  He  could,  in 
its  large  muscular  apparatus.  There  are  i  frie  t,  |)erceivet  what  muscles  belonged  to  the 
no  larger  niouiliL'is  ami  wings  here,  which  Idifierent  segments,  by  thus  anatomizing 
require  a  greater  muscular  apparatus  to 
be  developed  fn  certein  segments  than  in 
others:  there  are  no  enlarged  members 


nierely  the  muscles  on  one  side  of  one  seg* 
nient  of  the  animal,  and  arrive  at  the  same 

knowledge  he  might  have  acquired  by 
here,  extending  from  the  sides  of  a  par-  { taking  so  many  diflcrent  larva?,  and  ana- 


ticular  part  of  the  body,  which  require 
greater  nervous  energy  in  the$e  segments 
than  in  others  ;  therefore,  there  13  no  ne- 
cessity here,  more  than  in  anueUUes  or 
other  worms,  for  the  greater  development 
of  the  soft  parts  of  any  particular  seg« 
mcnts  jnore  than  of  others;  and  they  are 
thus  equally  develoiicd,  with  their  contained 
muaclesi  in  the  myria]>ods.  It  is  therefore 
analogous  to  a  worm,  both  in  it^  general, 
flexibi^  lengthened,  subdivided  form,  and 
in  thd  equal  degree  of  development  of  its 
muscular  apparatus  and  of  its  members, 
cxtcniling  from  the  sides  of  the  segments, 
like  seta?  from  an  annelide.  But  where  it 
it  necessary  to  liave  wings  and  iwwerful 
muscular  a|)paratus  to  rairy  the  animal 
through  the  air  in  pursuit  of  food  or 
safcty,  there  must  be  such  strength  fiml 
magnitude  of  the  segments  as  will  afford 
attachment  for  those  muscles  which  that 
pai  t  of  the  body  then  requires. 

Now  it  is  beaotifnl  to  observe  this  in 
passing  from  the  inyriapods  upwards. 
The  larva  of  an  insect  is  like  a  wonn,  hut 
it  has  only  thirteen  soft  segments  equally 
developed.  There  is  no  reason  why  this 
larva  should  have  in  caudal  set^ment,  or 
should  ha\  e  its  cephalic  segment,  larger 
than  the  j»eg!ucnt9  of  the  abdomen,  and, 
therefore,  in  this  first  condition  of  its 
existenee  it  is*  uniform  in  its  dimensions 
like  the  worm ;  iiut  when  the  mem- 
bers destincil  fur  another  and  more 
active  kind  of  life  begin  to  develop  and 
shoot  from  the  side,  according  to  fixed 
and  regtdar  laws,  then  we  obsen'e  that 
corresponding  with  the  wings  and  legs  re- 
quired, jinrl  with  the  size  of  the  muscles 


tomizing  all  thcii  numerous  segments  for 
the  same  object.  Thus  it  is  that  be  was 
en.il)lr  1  tn  dissect,  in  a  few  specime  ns,  and 
to  represent  in  the  small  compa&s  of  a  few 
plates,  more  than  four  thousand  muscles 
which  occur  in  tliat  caterpillar,  and  no 
two  of  his  figures  reseni!>le  each  other  in 
the  muscles  of  the  successive  segments. 
This  is  in  consequence  of  his  having  re* 
[irescntcd  different  sets  of  mu?rles  on  the 
(liferent  sides  of  the  same  segment,  and 
dilfereut  ronacular  layers  in  emsucc^d* 
iii^'  segment  of  the  insect's  body. 

These  muscular  fasciculi,  consisting  of 
very  distinct  dense  highly  irritable  fibres, 
sometimes  mn  longitudinally,  as  in  most 
of  thn  outer  stratum.  Many  of  them,  ly- 
ing <lee|)er,  assume  an  oblique  direction 
downwards  and  inwards,  and  downwards 
and  outwards,  some  passing  beyond  the 
whole  length  of  a  segment.  The  action  of 
all  these  layers  of  muscles  in  the  insects 
is  to  move  the  segments  in  every  possible 
direction,  like  those  of  fl^hes  on  the  exte- 
rior of  the  column.  There  is  here  great 
nniformity  in  the  dis]>osition  not  only  of 
the  muscles  of  the  segments  of  the  trunlt 
of  the  body,  but  in  the  cxtrenuties  and 
other  appendices,  for  they  arc  abo  covered 
with  hollow,  tubular,  jointed  rings,  the 
muscled  of  wliich  are  atlachcd  to  theii'  in- 
terioi.  In  the  helminthoid  classes  and  in 
the  larva  state  we  see  only  the  trunk  of 
the  body,  with  its  s:  gmenis  atid  mmcles, 
)Ct  (kn  elo;  -d,  as  in  the  eels  and  tailpulej 
and  serpents  among  the  vertcbrata,  and 
in  the  perfect  insect  the  developed  tulralar 
ineiidicrs  only  repeat  the  structures  al- 
ready devrlopcil  in  the  trunk     The  eir- 


tuat  arc  Ut  move  (hem,  the  segments  atuljcu'ar  se^j;tiieitLs  of  the  ioitg  branched  au- 
their  internal  miTScular  lainhiae  assume  |  tenna;  01  the  Crustacea  repeat  the  seg- 
j»artictiliii'  dimensions  and  forms.  j 'Tietits  of  the  worms  ;  the  s  ime  is  seen  in 

There  is  so  great  untforniity  in  the  the  tubular  joints  o^  the  pal;ji,  and  in  most 
muscular  system,  that  in  anatomizing  tho  of  the  jointed  appcndtcei  of  Crustacea  and 
insect  called  consus  li(/nipcrda,  Lyon  .kt  other  articulata. 

took  that  aiiimal  in  the  larva  state,  and  he  The  miisi  lt  s  of  the  trunk  of  eviistacea 
soon  perceived  such  sameness  in  the  seg-  and  other  articulated  animals  witii  aiticu- 
neiits,  that  lie  could  tnhrt  at  s  knOfW-  hued  membors^  liito  thoie  of  worms,  <re 


Digitized  by  Google 


PROF.  GRANT  ON  THE  ARTICULATED  CLASSES. 


divided  longitudinally  iato  bands,  occu- 
fiying  chiefly  the  dom!  and  flie  Tiutral 

aspects  of  the  body,  and  these  are  i^ain 


internal  laminae  of  the  meso  and  the  nteta* 
thorax,  and  these  segments  of  the  thorav, 

therefore,  vary  in  magnitude,  according 


<Hvi(lcd  by  the  dorsal  vessel  above,  and  to  the  muscular  strength  required  in  the 
the  ncr\'ous  chord  below,  on  the  median  |  members.  The  study  of  the  myology  and 
plain ;  and,  as  in  the  vertdbrated  dasaea,  |  the  general  anatomy  of  insects,  and  of  all 
none  of  these  symmetrical  or  voluntary '  the  articulated  classes,  is  best  commenced 
nmsdes  cross  this  middle  line  of  the  body.  I  with  the  larger  Crustacea,  where  all  the 
Thej  are  connected  through  the  medium  <  common  yarts  present  themselves  on  a 
of  the  skin  to  the  solid  coverings  of  the '  great  scale.  The  muscles  of  the  extremi* 
segments,  m  that  the  exuviable  skeleton '  ties  of  the  perfect  insect,  ns  you  observe 
is  cast  ofi  ill  all  these  classes,  without  af-  in  these  beautiful  magnitied  views  of  the 
fecting  the  insertions  of  the  mnsdes  into  muscles  of  the  m^otonikm  or  coclccfaafer, 
the  true  skin.  In  these  magnified  views  given  liy  M.  Straus,  agree  remarkably 
of  the  dissections  by  LvoNNET  of  the  mus- I  in  their  forms,  their  attachments,  and 
ties  of  the  caterpillar,  you  observe  that  in  I  their  general  disposition,  with  those  of 
each  of  the  s^ments  thu  largest  and  the ,  the  scorpion,  the  crab,  or  the  lobster, 
longest  muscles  are  the  four  longitndinal  In  all,  you  observe  the  flexor  and  the 
columns  on  the  dorsal  and  on  the  ventral ,  extensor  muscles  of  the  joints  to  arise 


surface;  these  cover  the  whole  course, 

and  the  insertions  of  the  shorter  and 
smaller  oblique  muscles.  We  observe 
nnmeroos  fasciculi,  possessing  every  de- 


from  the  whole  inner  surface  of  the  exte- 
rior solid  tribe,  and  to  be  directed  in  pa- 
rallel fasciculi  to  a  single  flexor,  and  a 
single  extensor  tendon,  each  of  consider* 


gree  of  obliquity,  and  many  musdies  in  ,  able  length,  and  over  the  whole  surface  of 

each  segment,  which  run  in  a  transverse  which  their  fibres  are  inserted,— the  flexor 
direction.  The  muscles  of  the  neck  which  muscles  and  tendons,  esjiecially  in  the 
move  the  head  are  the  longest,  and  you  |  pincers  or  last  opposable  division  of  ^ 
observe  them  diverging  downwards,  and  tarsus,  being  larger  than  the  correspond- 
passing  over  several  segments  to  take  a !  ing  extensors,  and  arising  generally  from 
lower  insertion.  In  all  the  articulated  the  inner  surface  of  the  exterior  part  of 
dasses  where  the  segments  of  the  trunk  |  the  memlier.  Tlie  candal,  long,  cylindrical 
arc  not  materially  modified  by  the  form  ;  segments  of  the  8cor])ions  are  chiefly  occu- 


or  magnitude  of  their  appendices,  we  ob> 
serve  the  muscles  of  the  sepnents  of  the 

trunk  to  have  a  great  resemblance  in  their 


pied  with  muscles  to  wield  the  sting  with 
force  and  precision.  The  strong  ronsdei 
of  the  post- abdomen  of  the  cniitaoea. 


form  and  arrangement  to  those  in  the  j  especially  of  the  macronrotis  species,  ena- 
larvs  of  insects,  and  in  the  more  per- 1  blc  them  to  swim  backwards,  by  quickly 
feet  anndides,  because  they  have  the  |  and  powerfully  inflecting  the  expanded 

*ame  functions  to  perform.  The  muscuUr  tail. 

fibres,  in  parallel  and  almost  unconnected  j  The  numerous  moveable  appendices  do- 
fhtdcoli,  are  commonly  inserted,  in  the  vclopcd  from  the  segments  of  the  head. 


as  in  this  of  the  melontha  vulgaria  (1^. 
128),  and  the  varieties  of  their  fonni^ 

Fig.  128 


extremities  and  other  api)cndices,  into 
tendons  formed  by  folds  of  the  exterior 
dense  integument  prolonged  inwards.  Wc 
have  seen  these  internal  folds  to  be  very 
large  and  numerous  in  the  region  of  the 
thorax,  especially  of  crustaceous  animals, 
for  the  insertion  of  the  powerful  muscles 
which  move  the  haunches  of  the  legs. 
The  great  irritability  and  strength  of  the 
muscles,  and  their  action  on  the  skeleton, 
require  the  articulated  animals  with  articu- 
lated members,  to  have  not  only  the  exte- 
rior skeleton  solid  and  strong,  but  also  the 
tendinous  ^  parts  prolonged  inwards  for 
muscular  insertions.  A  worm  could  not 
fly,  thoui,'h  it  had  possessed  wings,  nor 
the  larva  of  an  insect,  froui  the  soft  and 
yielding  nature  of  their  skeleton  for  the 
attachment  of  the  muscles  to  move  these 
wings,  nor  could  a  shark  walk  the 
ground  with  legs,  for  the  same  reason,  in  articulated  animals,  give  occasion  for  a 
V  u""**^^^*  of  the  wings,  like  those  at  complex  and  varied  disposition  of  the  mus- 
the  base  of  the  second  and  third  pairs  of  clesinthat  region.  Cut  in  moveable  i)art3, 
legs,  have  their  fixed  attachments  to  the  which  are  common,  we  still  obsen  c  great 
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uniformity  iu  the  active  oi^ians  of  their 
motions,  in  comparing  the  nrasdes  of 
tbc  ja-w's,  the  antenna'  anil  the  palpi  of  the 
perfect  insect,  ^^ith  those  of  the  larger 
Crustacea.  Inlmth  you  observe  the  strong 
and  large  tendons  of  the  adductor  muscles 
of  the  mandibles  (FYy.  128,  and  Fif/A'l'f  ,  or 
powerful  inner  paii'  of  jaws,  and  the  large 
conical  muscles,  descending  from  the  upper 
surface  of  rho  head  to  be  inserted  into 
these  teaduus.  The  abductor  inusdes  are 
comparatively  small.  The  muscles  of  the 
base  of  the  antcnnx  and  those  of  the  max- 
illa} also  present  the  closest  resemblance. 
The  interior  of  the  maxillae,  as  of  most 
other  appendices,  is  filled  with  the  flexor 
and  the  extensor  muscles  of  their  gingly- 
moid  joints.  And  you  observe  that  the 
Mrhole  Interior  of  the  large  mandible  ( Fw. 
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129,  a),  and  the  minute  articulations  of  its 
attached  palpus  (Piff.  128,  129,  i  b),  are 

1^.129 


alike  llllod  with  the  parallel  fa  l  i  uli  of 
muscular  fibres,  passing  iuwarUi  from  the 
sides  of  these  tubular  parts,  to  he  inserted 
o\  or  The  broad  surface  of  tlic  flexor  and 
extensor  tendons.  A  nuiscular  mechanism 
of  a  similar  nature  is  found  in  the  gin- 
gljrmoid  articulations  of  the  tubular  ap- 
pendices throughout  the  rest  of  the 
body  of  these  and  almost  aU  aiticulated 
animals  vith  articulated  members.  So 
that  while  the  muscular  system  is  varied 
in  its  inintiter  details  in  each  particular 
form,  the  general  plan  and  disposition  of 
the  whole  arc  continued  with  remarkable 
uniformity  and  simplicity  throughout  this 
immense  division  of  the  animal  kingdom. 


In     IHE    DIAGNOSIS    OF    A  DISEASE, 

where  it  is  doubtful  whether  the  pain  or 

other  local  affection  l)c  the  effect  of  m- 
fiammatioa  or  of  irritation,  the  question  is 
immediately  determined  by  placing  the 
patient  upright,  and  bleeding  to  syncope. 
In  iuflamniation  much  blnor!  flows.  In 
irritation,  very  little.  'Ihere  is,  in  my 
opinion,  no  single  fact  in  physic  of  equal 
impoitanee  and  value,  in  the  diai;nosis  of 


The  deli\'ery  of  a  course  of  Lectures  is 
usually  preceded  by  an  abstract  of  the 
history,  objects,  advantages,  and  means  of 
learning  the  science  proposed  to  be  taught. 
I  see  no  good  reason  for  deviating  from 
this  usage,  while  there  are  many  for  re- 
commending it  to  general  adoption.  On 
turning  our  attention  to  the  acqnisitinn  of 
any  bram  h  ol  knowledge,  we  are  naturally 
desirous  of  becoming  acquainted  with  its 
origin,  the  matter  of  which  it  treats,  the 
benefits  we  are  likely  derive  from  its  cul* 
tivation,  and  the  manner  In  which  we  are 
to  proceed  in  its  attainment :  iu  short,  we 
are  anxious  to  obtain  a  general  view  of  its 
outlines,  before  catering  on  the  labour  of 
studyhig  its  details.  By  thus  glancing 
over  the  field  we  have  to  travel,  even  in 
this  partial  and  imperfect  manner,  we  ixvc 
less  liable  to  commit  errors  in  the  sub- 
sequent steps  of  our  progress,  and  can  pur* 
9uc  onr  course  with  more  confidence  and 
greater  hopes  of  success. 

Yet  it  is  to  be  regretted  that  the  grati- 
fication of  a  desire  so  natural  and  so  ra- 
tional should  be  attended  with  difltcultics 
which  are  equally  felt  by  the  student  and 
the  teaciier.  The  absence  of  previous 
kno\\lc;!p;e  of  the  suhject  on  the  part  of 
the  lurmer  must  render  attention  at 
fu'st  painful,  for  it  is  well  known  that  we 
sclilo'u  dci  iv  e  pK  a<iu  i  from  what  wo  do 
not  thoroughly  uiulor.stand  ;  while  the 
latter  is  compelled  to  presume  the  .student 
to  l>e  in  possession  of  information  which 
he  has  not  yet  acquired,  and  to  make 
statements  which  pupils  cannot  com- 
prehend. Thns  our  wibbcs  outstrip  onr 
faculties :  but  perhaps  we  shoidd  be  more 
mndomte  in  our  wishes;  the  most  brilliant 
taieuts  must  submit  to  toil  and  time  for 
their  indulgence:  the  ^»os^esso^  of  them  I 
believe  can  no  more  take  in  at  a  single 
glance  the  compiiss  of  an  extensive  and 
complex  science,  than  the  best  informed 
and  mo.t  experienced  analyst  can  con- 
dense its  midtifarious  objects  into  onesa- 
tisfjictory  view. 

These  preliminary  observations  thave 
thought  it  i)rudent  to  make  in  order  to 
guard  against  such  expectations  as  have 


acute  diseases,  and  the  use  of  an  important 

remedy.— Marshall  Hall  on  Diaynosii.       jjust  been  alluded  to  j  I  feel  them  to  be 
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the  mnre  ncccssnry  on  an  oc casion  which  their  prose  and  poetical  vvi  itrrs  or>  the  use 
places  nic  in  the  performance  of  a  duty .  and  cultivation  of  vegetables.  In  a  bo- 
now  altenipted  hy  ine  for  the  fli'st  time,    jtanical  point  of  view  these  worics  are 

The  History  of  Botany  will  not  detain  us  ,  equally  uninteresting  as  the  compositions 
long.  An  a  s  •!(  net,  it  iiiny  he  said  lo  have  |  of  which  they  are  imitations.  1  need  only 
been  totally  uukiiownto  the  nations  of  an-  .observe  that  so  little  were  the  true  prin- 
tiqulty.  Ttie  Greeks,  who  have  left  ussojcipleg  of  botanical  desrription  known  in 
many  splendid  productions  in  other  de-  those  time?,  that  the  mere  t!  Tinnination 


partmeuts  of  literature*  have  left  us  little 
worthy  of  notice  on  this  subject  Some 

works  they  have   no  doulft  produced 


of  the  particular  plants  treated  of  hy  the 
writers  of  that  age,  has  conferred  a  degree 
of  reputation  for  learning  and  ingenuity 


on  the  suhj^rf  of  vc;;et.it)lcs  ;  hnl  in  ;  on  those  modern  coninicntators  who  lia\'e 
them  we  cannot  discover  even  the  ;  succeeded  in  this  truublc:>oine,  and  1  may 
germs  of  the  modem  science  of  ho-  add  unprofitable,  undertaking.  On  this 
tany.  Thoir  cruilc  attempts  nt  classifi- I  account,  the  Natural  History  of  Pliny,  the 
cation  and  description  scarcely  deserve  |  Georgics  of  Virgil,  and  other  Roman 
the  name  of  sdcnce,  and  conld  be  of  litUe  |  works  which  treat  of  vegetables,  often  ap- 
use  to  any  except  those  who  aic  already  pear  ohscure  to  the  modem  reader.  Were 
acquainted  with  the  olijects  descrihed.  \  not,  in  fact,  the  plants  of  which  those 
Their  deiiciency  in  this  respect  is  the  more  j  authors  write  known  traditionally,  we 
remarkable,  as  they  undoubtedly  paid  the  -should  he,  in  general,  quite  al  a  hws  to 
greatest  attention  to  agriculture  and  hor-  know  of  what  vc'j:e tables  they  were  speak- 
ticulturcj  and  encouraged  thoac  arts  hy  iiig.  Unle^^s,  therefore,  1  were  to  detain 
several  acts  of  protective  legislation,  you  v^ith  biographical  notices  of  such 
amongst  which  the  laws  cvemptln^  the  writere,  or  to  occupy  your  time  with  idle 
plouj^h  and  other  implements  of  husbandry  disqiiiiitiojis  on  dispiiterl  points  of  their 
from  sale  and  seizure,  and  iui|>osing  the  writings,  1  can  discover  nottiiag  in  them 
severest  penalties  on  the  destrnction  of  to  throw  light  on  theorlghi  of  the  science 
olive  trees,  are  remarkable  instances,  of  l):)tany. 

Their  mythology,  too,  abounds  with  many  j  Tiie  writings  of  the  physicians  of  those 
illustrations  of  their  taste  for  the  beauties  ages  on  vegetables  are  not  more  satis* 
of  the  vegetable  kingdom,  as  well  as  of  factory  than  those  of  the  unprofessional 
the  deep  vemc  which  they  entertained  of  authors  to  whotn  I  have  ju.st  alluded, 
its  utiluy  to  mankind.  We  ate  much  more  '  i)0  indefinite  and  unsatisfactory  are  their 
indebted  however  to  their  moral  deities  for '  descriptions  of  plants,  that  the  identity 
splcmli  l  imagery  and  bcautifid  imctry,  *of  many  of  them  is  still  a  matter  of  iHs- 
tnan  for  any  steps  towards  reducing  bo- '  pnte  nrnonf;  men  who  have  tuidertaken 
tany  to  a  useful  science.  It  would  ap-  tiic  <lirtiLult  task  of  leconciliag  their  ac- 
pear  indeed  as  if  men  of  the  most  Intel-  counts  with  modem  observatioiis.  It  is 
lectual  t  ast  may  long  enjoy  in  the  hit,'hcst  \  quite  obviou?,  therefore,  that  one  of  the 
degree  of  perfection  the  fruits  of  the  earth  i  most  important  ends  of  botany,  the  cer- 
withoul  being  eycited  to  the  study  of  the  |  tain  recognition  of  a  plant  from  detcrip- 
laws  of  vegetable  life,  or  awakened  to  ^  tion,  was  entirely  unknown  amongst  tbe 
the  utility  01  reducing  to  some  system  the  [  natinns  of  .mtitjiiity —a  discovery  of  which 
tribes  of  plants  within  their  reach.    Even  modern  times  may  be  justly  pr<m<l,  and 


in  our  own  times,  in  which  botany  has 
made  such  rapid  ad\-ance^,  and  in  which 
it  is  so  generally  studied,  the  majority  of 
persons  employed  in  the  business  ofhns- 


which  hat  contributed  so  much  to  the 
amusements,  instruction,  loxurie^  anil 
necessai  ICS  of  life. 
It  was  not  to  be  earpected  that  a  sob* 


bandry  are  totally  ignorant  of  the  most  ob- Jset  which  had  attracted  83  little  atten* 

vioiis  laws  of  vegetable  j  hysiolof^y,  andftion  during  i!ie  l)ri![iaMt  C[JOchs  of  Gre- 
any  attempt  to  explain  to  them  the  se.vual  cian  and  Koinau  literature,  should  have 


properties  of  plants,  or  the  process  by 
which  the  seeds  daily  passing  throuj^h  their 
bands  produce  some  of  the  most  impor- 
tant articles  of  human  subsistence,  would 

be  met  by  a  smile  of  incredulity. 

If  wc  tinn  to  the  rcinains  of  Roman 
literature,  we  shall  be  equuily  ditfap|K>inted 


nourished  at  a  |ieriod  when  even  the 

great  lights  of  those  times  may  be  said  to 
have  been  cxtinguiishe.i,  or  that  it  would 
be  one  of  the  fir^t  to  which  attention 
would  be  paid  on  the  revival  of  ktrers. 

We  may  accordingly  pa^s  over  tli,^  dnrk 
gulf  of  the  middle  ages,  in  whuh  we 


in  our  search  for  anything  ai>proaching  to  | should  search  in  vain  for  attempts  to  im- 

what  wc  mean  hy  "  botany"  in  modern  ;  prove  on  the  Iaboin>  of  the  ancient  writers, 
times.    Like  the  Greeks,  whose  arts  and  in  the  literary  productions  nf  tho«.c  timc% 


literature  they  servilely  copieil,  they  saw 
the  vast  national  importance  of  patroniz- 
ing agriculture,  and  like  them,  toOt  had 


which  may  be  said  to  share  in  the  dark- 
ness in  which  they  orqiioated,  the  name 
of  the  Kxsuet  icarcely  appcaft.  Tim 
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LECTURE  XXXII. 

ON  THE  MUSCULAR  SY.<iTEM  OF  THE 
MOLLUSCOUS  CLAiifiiES. 

The  general  form  of  the  body,  and  the 
kind  of  motions  it  performs,  vary  more  in 
tbe  moUiucous  than  in  the  articulated 
classes  of  animals,  and  we  observe  a  cor- 
responding diversity  in  their  active  organs 
of  motion.  In  the  articulated  classes  we 
can  dlttlnctly  perceive  the  prindplet  ac* 
corillng  t  )  wliicT:  the  muscular  system  is 
modi  tied  and  changed,  and  that  the  gene- 
ral ]ilan  remains  throughout  those  long 
cylindrical  uiimala  ewentially  the  same; 
but  in  the  molluscous  classes  there  ap- 
pear much  greater  variety,  diversity,  and 
want  of  aymmetry,  in  the  whole  muacular 
system  ;  anJ  although  a  uniform  plan  can 
be  occasioually  traced  throuf.^h  numerous 
distinct  forms,  yet  there  are  other  forms 
of  the  active  organs  of  motion  belonging 
to  this  division  which  appear  at  first  dif- 
ficult to  be  reduced  to  a  common  type,  or 
to  be  reconciled  with  each  other.  Many  of 
the  lower  mollusca,  as  these  bolimUe  and 
clavelina,  are  ftxed  by  long  peduncles  at 
the  bottom  of  the  sea ;  some,  as  the  li- 
maces,  creep  on  the  surface  of  the  dry 
land;  the  pieropods  swim  at  the  surface 
of  the  ucean,  where  the  jantUma  hang 
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i  snspeiir!c(]  by  floats ;  the  naked  cepha* 
lopods  bound  from  the  surface,  and  the 
pholada  are  fixed  deep  in  cavities  of  rocks 
at  the  bottoui  ;  the  oyster  is  fixed  to  the 
I  rock,  while  the  clam  skips  to  and  fro  by 
the  flapping  of  its  shells;  the  pinna  is  an- 
chored to  the  bottom  by  its  strong  byssus, 
while  the  cardinm  swims  along  the  still 
surface,  suspended  by  its  concave  ex- 
panded foot.  So  that,  although  uone  of 
these  animals  have  wings  to  fly  through 
the  air,  or  jointed  legs  to  creep  upon  the 
landy  or  spines  to  oar  them  through  the 
sea,  they  possess  the  means  of  almost 
every  kind  of  motion,  from  the  vihratile 
cilia  of  the  fixed  corals  to  the  hands  and 
feet  of  the  finny  tribeii. 

Notwitiistanding  the  soft  and  gelatinous 
appearance  of  most  of  the  tunicated  ani- 
mals, resulting  from  the  want  of  calcare- 
ous matter  in  their  exterior  covering,  we 
observe  their  muscular  system  to  be  dis* 
tinctly  fibrous  and  highly  irritable,  a  de- 
velopment corresponding  with  that  of 
their  nervous  system,  which  already  pre- 
sents  c-nnglia  in  the  lowest  compound  or 
aggregate  forms  of  these  animals,  as  in 
the  botryllm  and  the  pyroioma.  The  most 
active  and  constant  motions  of  the  tuni- 
cated animals,  which  are  alike  pcrfarmed 
by  the  compound  and  the  simuie  kinds, 
are  those  by  which  currents  of  water  are 
dirci  ted  into  the  respiratory  sac  for  the 
aeration  of  the  blood,  and  to  bring  food  to 
the  mouth  which  is  placed  at  the  bottom 
of  that  sac  These  constant  incurrentand 
cxcurrent  stronms  here,  as  in  the  con- 
chiferous  animals,  are  produced,  not  by 
motions  of  the  ordinary  muscular  or  das* 
tic  coverings  of  the  body, — for  while  these 
ctirronts  continue  with  smnothncss  and 
regularity  inwards  through  the  bianchiai 
aperture,  and  outwards  through  the  anal, 
yon  perceive  that  the  animals  remain  fixed 
and  motionless  in  every  visible  part,— but 
by  the  rapid  vibration  of  minute  cilia  dis- 
I  posed  around  the  meshes  of  the  numerous 
^  resp!!fifnry  lam  ins  on  the  interior  of  the 
geuerui  sac.  The  same  vibrauic  organs 
w  hich  we  saw  in  ttie  minutest  polygastrie 
,  animulciile>,  and  in  tbr  mo^t  plant-like 
ilbrms  of  zoophytes,  continue  through  the 
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ttticnlated  and  inolliiBOonB  claates  to  the  orifice  {Fig.  130,  a)  end  the  anal  {Tig, 
vertebratcd  amphibia,  the  highest  of  water-  130,  ft).  lUa  appearance  and  the  Tanoin 
breathing  animals,  fiy  these  the  currents 
are  conveyed  inwardi  to  the  general  sac, 

throngli  the  surroundinj?  orifices  in  the 
fixed  and  ^[ircadint^  hotryllus,  and  are  cx-| 
pclle<i  tlirough  the  central  vent.  By  these 
vibratile  organs  the  currents  rash  inwards 
through  the  projectintr  jjajjillje  of  the  pj/ro- 
soma  {Fig.  U,  2,  c  c,  page  426,  vol.  1)  to  the  ^ 
respiratory  sacs  of  the  nnnieroas  animals 
compOiiDg  these  shining  tubes, and  by  these 
currents  passing  through  the  vents,  which 
here  arc  directed  into  the  general  tubo  nf 
the  body,  open  ait  its  lower  esftremity,  they 
carry  upwards  the  entire  animals,  shining 
like  columns  of  fire,  through  the  dark  and 
^ent  deep.  The  same  is  the  mode  of  directions  of  tlie  musciilar  fil)res  are  beau- 
respiration  and  progression  in  the  luiiii-  tifully  shown  in  these  platen  of  the  dis- 
nous  biphorie  or  salp^y  shining  in  myriads,  sected  tunicata  given  by  Saviont  and  by 
aggregated  together  in  various  modes,  on  Baron  Cuyibr. 

]£he  s(Kl  surface  of  tropical  seas.  So  thatj    This  nrascdar  coat  is  malogoia  to  tta 

in  the  lowest  ujolhisca,  as  in  the  lowest  fleshy  mantle  of  higher  mollusca,  and  ii 
radiated  animals,  we  still  find  those  minute  seen,  though  Icjfs  strongly  developed,  in 
vibratile  organs  subservient  alike  to  pro-  the  lowest  of  the  compound  tunicata.  The 
gressive  motion,  to  the  aeration  of  the  j  interrupted  longitudinal  fibres  are  seen  to 
fluids,  and  to  the  obtaining  of  food.  These  '  radiate  thus  'F/V/.  i:?0,  ^"i  from  the  cir- 
active  organs  belong  alike  to  the  larger  cumference  of  the  branchial  oritice,  and  to 


irimple  and  the  smallei*  compound  tuni 

cata,  and  to  all  the  acephalous  mollusca, 
whether  fixed  or  free,  nalced  or  testaceous. 


extend  over  the  wh^  surface  of  the  see 
in  numoroitt  amaU  hands.   These  fibres 

are  traversed  by  others,  which  commence 
and  radiate  in  the  same  manner  from 
In  ^Imostall  the  forms  dfthesetunicatedj  around  the  margin  of  the  anal  aperture 


-animals,  but  most  distinctly  in  the  larger 
and  isolated  kinds,  we  find  within  the 
Mterior  tunic,  which  we  have  already 
considered  as  analogous  to  the  two  valves 
of  the  conchifera,  a  distinct  muscular  timic, 
and  tiiat  muscular  tunic  has  several  at- 
tachments to  the  exterior  cartUagiftous 
"covering.  Within  this  cartilaginous  tunic 
in  the  ascidice,  you  can  distinctly  perceive 
that  there  is  an  internal  layer  of  a  mus- 
cular or  fibrous  structure,  which  is  ex- 
terior, however,  to  all  the  viscera,  and  even 
to  the  gills.  These  muscidar  fibres,  as 
^Ott  perceive  in  this  eynthia  pupa  [Fig. 
130),  are  strongly  aiul  distinctly  marked 
within  this  exterior  elastic  tunic,  and  they 
cross  each  other  iu  various  directions  in 
different  species,  so  as  to  l>e  able  to  con- 
tract the  exterior  covering  at  all  jjoints. 
They  areattacliedto  the  e.xterior  cartilagi- 
nous coat  at  different  points,  but  especiall) 
iit  the  two  orifices,  so  that  they  act  power- 
ftilly  upon  it  near  to  the  rcsj)iratnry  ori- 
fice, and  at  tlie  anus.  The  general  tend- 
ency of  the  simultaneous  contraction  of 
all  this  Tnn«('iilar  coat  is  to  draw  the 
animal  downwards  towards  its  fixed  point, 
'most  of  those  larger  and  isolated  forms 
of  tnnicated  animals  being  fixed  to  roc]<^ 
There  are  strong  muscular  fasciculi  dis- 
posed here,  like  sphincters  {Fig.  130,  de}^ 
which  tend  to  dose  IbtciUy  the  respinttory 


[Fig.  l.'iO,  and  these  also  extend  in 
minute  fasciculi  over  the  whole  sac-  The 
sphincter  of  the  branchial  opening  {Fiy. 
130,  d)  is  larger  and  broader  than  the  cor- 
responding muscle  {Fig.  130,  e),  around 
the  anal  orifice  of  the  sac.  Upon  touch- 
ing those  simple  a$ctdi^  in  the  living  stat^ 
which  we  often  find  covering  the  cntirfi 
surface  of  rocks  in  the  sea,  the  respiratory 
cavities  of  which  are  filled  with  water 
taken  in  to  aerate  the  branehise  contained 
within  this  muscular  tunic,  each  animal, 
contracting  itself  upon  being  touched, 
throws  out  a  jet  of  water  to  some  distance 
from  its  sac.  Sometimes  they  arc  so 
closely  compacted  together  on  the  rockl 
that  the  impression  given  to  one  causes  it 
suddenly  to'retract,  whidh  acts  also  dn  the 
one  next  to  it,  and  so  on  throughout  several 
of  them,  and  each  in  contracting  throws  out 
a  ([uantity  of  water.  They  are  kept  In  that 
distended  state  by  the  natural  elasticity  of 
the  external  tunic,  and  by  the  water  con- 
tained in  the  sac.  There  is  no  musculsr 
apparatus  for  that  purpose  any  more  than 
there  is  to  enable  a  hivnlved shell  to  open; 
that  is  done  in  the  conchifera  by  the  na- 
tural elasticity  of  the  liganientary  attach* 
ment  of  the  valves.  It  is  by  the  liga- 
mentous attachment  in  the  one  case, 
and  by  the  natural  elasticity  of  ^ 
tonic  in  tiie  other.  In  th«  intaiior  of 
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thto  muscular  coat  of  the  tunicata  are 
contained  the  digestive  ■pparatuti,  and 
also  the  respiraloiy  or^^Rns,  in  the  fonn 
of  numerous  laniio»y  variously  disposed, 
■CND«tiBse«  with  apparent  irregularity,  in 
longitudinal  rows,  over  the  surface.  The 
circulating  sybteni  is  also  enclosed  here, 
consisting  of  arteries  and  veins,  and  the 
nervous  syatein  iHth  ita  several  ganglia. 
But  we  do  not  obsen^e  any  nuiscular  ap- 
fkaratus  around  the  tuouth  at  the  bottom  of 


like  a  tongue,  convex  on  its  anterior  sur- 
face next  to  the  head,  but  grooved  along 

its  posterior  surface  on  tlic  side  next  to 
the  anus, — this  is  the  higbiy  sensitive  and 
irritable  organ  by  wlilcii  many  of  the  ooii« 
chiferous  animals  are  enabled  to  creep 
upon  a  8oli<l  suri'ace,  to  swim  along  the 
surface  of  the  water  by  forming  the  foot 
inlo  %  liollow  cavity,  like  a  boat,  and  then 
communicating;  to  it  a  slight  vermicular 
motion}  by  this  concavity  a  quanti^  of 


this  tme,  for  the  purpose  of  seizing  the  ■  tibe  wMM*  displaced,  and  the  ^aSkm^BL  is 
prey  or  food  which  is  brought  to  the  ani-  tihiu  enabled  to  hang  down  suspended 
raal  alonj^  with  the  water  taken  in  for  re- ;  from  this  cup-like  organ.  But  we  perceive 
spiratiou.  The  uioiith  of  the  animal  is  the  that  this  muscular  ii>9t,  ascending  on  each 
to  the  stomach,  and  is  very  re- ;  side  <d  liM  viscera  to  be  attaciied  to  the 

ii]>[)er  part  of  the  two  valves,  generally 
embraces  these  organs  like  a  muscular 
sheath.  This  foot  h  often  entirely  want- 
ing, as  where  the  shell  is  glued  to  the 
rocks.  Its  muscular  fibres  decussate  each 
other  in  all  directions.  By  this  organ 
many  spedes  can  excavate  for  themselves 
deeper  cavities  in  the  sand  or  mud,  from 
which  they  can  as  easily  escape,  by  push- 
ing downwards  this  long  fleshy  organ.  We 
find  many  of  the  conchiferous  animals,  as 
the  solens,  employing  this  muscular  or- 
gan for  extricating  themselves  from  the 
sands  during  the  recess  of  the  tide.  It  is 
emjdoycd  thus  in  various  ways  for  pr-- 
gressive  motion.  It  is  this  organ  which 
they  employ  to  fix  externally  those  horny 
filaments  which  are  secreted  by  a  gland  at 
the  hsisc  of  the  foot.  This  is  at  first  a  thin 


mote  from  that  hr-jnchial  orifice  throupli 
Which  the  watei*  is  introduced  to  the  ge- 
nsrsl  Yospiratory  sac.  There  are  com- 
4nonly  numerous  small  ten  taenia  seen  mov- 
ing about  in  different  directions  disjjosed 
around  the  exterior  respiratory  orifice, 
«Bd  whUk  fMHi  be  entirely  retracted  within 
the  sac,  and  enclosed  by  the  sphincter 
4cnu8cle.  These  delicate  organs  of  sense 
have  no  influence  in  the  production  of  the 
currents  wbieh  nuh  through  that  orifice 
Into  the  sac. 

The  tonchifera  are  njuch  more  gene- 
rally free  than  the  tunicated  animals, 
lalthough  many  of  ^em  are  also  fixed,— 

sometimes,  as  in  the  oyster,  by  deposit- 
ing calcareous  matter  from  the  margins 
of  the  shell  when  the  animal  is  young, 
thus  gluing  itself  to  Ae  rock  on  which  it 


is  fixed.  In  the  pinruB  and  many  others,  |  ^'""V'^  ^a^t*^*,  ^y^^^^h  is  conveyed  along 
the  deUcate  shells  are  protected  by  the  ^^e  groove  of  the  foot,  and  is  appl.ed  to 
animal  being  fixed  by  nnmerons  filaiTients        ""^^^^^  external  sohd  body. 


that  arc  secreted  by  a  gland  at  the  base  of 
the  foot.  These  suspended  mj'tilaceous 
animaU  can  move  theuiselves  to  and  fro,  to 
a  certain  extent  allowed  by  the  length  of 
the  byssus.  'Mun}-  nf  these  conchiferous 
animals  we  find  moving  about  by  very  dif- 
'fi^rent  means.  Som^  as  the  jbwe/m,  strik- 
ing their  valves  forcibly  together  by  their 
adductor  muscle,  move  backwar<ls,  with 
the  hinge  of  the  valves  moving  first. 
Others,  again,  as  the  pholades,  the  tajti- 

catw,  and  many  other  crcnera,  we  fin rl  niei  n-    ,       ,  ,  .  .  , 

iug  rocks,  and  advancing  deeper  into  the  '^'^/'^^^'^^  together  on  their  ventral  part, 
9v  crrowlftrffer.  and  the  itrtdo  in  '^"'i  »erve  to  close  them  forcibly  together, 


body. 

ThefiM)t  is  then  gradually  retracted  from 
the  tii.iuicnts  ;  and  the  filaments,  from  be* 
ingsoft,  consolidate,  and  ap])ear  to-bie  con* 
tinuous  with  the  muscular  fibres  which 
ascend  to  the  dorsal  part  of  the  valves. 
Although  the  foot  is  of^such  varied  utility 
to  the  species  which  possess  it,  this  ia 
far  from  lieing  the  most  constant  or  the 
most  general  part  of  the  muscular  appa- 
ratus, lis  form  even  varies  con&idenhly 
in  (lifTerent  animals. 
The  adductor  muscles  which  connect 


mass  as  they  grow  larger,  and  the  ttrtdo  in 
the  same  manner  perforates  timber.  Some 
conehifera  burrow  in  nmd  or  in  sand,  and 
extricate  themselves  at  pleasure ;  some 
swim  on  the  surlkGe,soDie  creep  on  rodcs, 
and  these  various  motioiis are  ohlefly  per- 
formed by  the  foot. 

The  foot  of  these  animals  Is  an  organ 
of  great  importance,  from  the  various 
usee  for  which  it  is  employed.  This  mus- 
cular foot,  which  you  see  in  the  counnon 
muscle  {Fiff.  W,  f.paije  42!),  vol.  1;,  extend- 
ing from  the  miiiUic  of  the  body,  shaped  |  these  shells. 


are  important  organs  for  the  protection  of 
these  animals.  iSometimcs  there  is  but 
one  muscle,  but  the  greater  ^Mrt  of  this 
class  have  two  of  these  adductor  muscles, 
which  leave  dij^tinct  impressions  on  the 
valves  {Fig.  l.il,  a,  b).  They  are  the 
largest  and  strongest  muscles  of  the  body. 
They  consist  of  numerous  short  straight 
fibres,  parallel  to  eacli  other,  and  passing 
across  ftom  one  valve  to  the  other,  leaving 
those  large  circular  impressions  which  we 
have  seen  so  generally  upon  the  inside  of 


This  muscular 
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attachment 
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•enret  to  force  the  valvei  together  against 
the  constant  resistance  offered  by  the  liga- 
ments. The  tendency  of  the  li'^aments, 
we  have  seen,  is  always  to  puii  the  valves 
open ;  and  whentlie  animal  dies  or  is  fee- 
ble, the  valves  0])cn,  aiul  the  aniinul  dies 
with  them  open;  it  has  no  longer  strength 
to  keep  them  shot.  This  is  a  strong  mus- 
and  is  often  found  in  a  state  of  rigid 
contraction  after  death  ;  and  although  the 
Hgament  has  still  a  tendency  to  force  the 
valves  open,  yet  in  a  rigid  state  afterdeatli, 
sometinies  this  muscle  keeps  the  shells  per- 
manently closed.  It  is  by  this  muscular  at- 
tachment actiug  suddenly  and  powerfully 
on  the  valves,  that  we  acv  the  connnon 
clams  swimming  oceasicnally  in  tlie  soa, 
or  skipping  along  the  bottom,  or  leaping 
with  force  from  a  pool  €i  sea  water.  I  have 
repeatedly  seen  the  pectcn  swimming  to 
•  and  ft  o  by  short  sudden  edorts  in  a  hand- 
basin.  It  swims  near  the  surfoce,  and 
when  it  is  near  to  the  ehaDow  shore,  it 
tries  by  this  means  to  escape  into  deeper 
water.  In  a  basin  it  will  sometimes  cause 
large  quantftiet  of  water  to  be  tlirown 
about  in  sudden  jets ;  and  the  force  with 
which  the  valves  thus  act,  causes  these 
animaU  to  move  backwards,  and  even  to 
escape  endrely  from  the  vessel  in  which 
they  are  contained.  That  is  not  done  by 
the  footy  but  by  the  contraction  of  the 
addnetor  moecle  of  the  valvei.  This  ad^ 
ductor  mnscle  is  large  and  single  in  many 
of  the  round  forms  of  conchifera,  as  the 
clam,  the  oyster,  the  anomia,  the  placuna, 
and  tbeae  are  thenoe  called  mononyaria. 
In  the  anomia,  the  muscle  passes  through 
the  aperture  in  the  smaU  flat  valve,  and  is 
tttadied  to  a  tiiird  calcareous  plate  adher- 
ing to  some  extraneous  body.  A  much 
greater  number,  with  the  valves  deve- 
loped longitudinally,  have  two  adductor 
imwdes,  as  yon  tee  in  this  venm  {Fiff.  131, 
e,  b)  ;  these  muscles  are  placed  at  a  dis- 
tance from  each  other,  the  anterior  {Fig. 
130,  «)  towards  the  head  or  mouth  of  the 


animal,  and  the  poolerfor  adductor  moi* 

clc  (Fif/.  130,  b)  towards  the  anus. 

Between  these  two  muscular  impres- 
sions left  by  the  adductor  muscles,  you 
will  commonly  oheerve  m  rOngh  (iifitiised 
line  nn  the  \alves  towards  the  ventral 
margin,  which  indicates  the  place  of  at- 
tachment of  the  nmscular  fibres,  by  which 
the  free  projecting  margins  of  the  mantle 
are  so  forcibly  retracted  into  the  sbelL 
This  marginal  muscle  {Fig.  131,  c)  of  the 
mantle,  consists  of  nmneroaeemiin  fosci- 
culi,  extending  from  this  part  of  the  shell, 
on  each  valve,  and'  spreading  chiefly  on 
the  ventral  margin  of  the  mantle.  By 
retracting  this  part  of  the  mantle,  they 
contract  the  respiratory  sac  so  as  to  assist 
in  a  forced  c.v  pi  ration  of  the  contained 
water,  and  they  protect  the  nMN^'iaHeate 
and  sensitive  part  of  the  mantle  from  be- 
ing compressed  and  ii^iured  dunn^  the 
closing  of  the  valves. 

The  motions  of  respiration,  however, 
by  which  the  water  is  brought  in  through 
the  respiratory  orifice  of  the  ^ac,^^  ex- 
pelled through  the  anal,  if  not  oepeiident 
on  the  action  of  any  of  these  muscles,  for 
you  will  observe  in  the  natural  respira- 
tion of  the  conc/ii/'era,  as  in  the  ttmicata, 
that  the  parietes  of  the  sa<^  and  the  en- 
tire body  of  these  animals,  remain  mo- 
tionless, while  the  streams  of  water  are 
most  rapid.  The  fimbriated  inai-gins  of 
the  respiratory  orifice  are  covered  with 
minute  vihratile  cilia,  which  cause  the 
currents  to  rush  into  and  distend  the  re- 
spiratory cavity  of  the  mantle*  The  whole 
surface  of  tin-  jMrtiiiutnlhi-nnchial  lami- 
nae is  covered  with  reguiaiiy  disposed 
cilia  of  a  larger  size,  which  are  attiehed 
to  an  the  mhintest  rectangular  meahea 
composing  these  reticulated  and  pectini- 
form  lamine.  If  you  cut  off  a  small  piece 
of  Utie  gill  of  the  coasmoa  freah-water 
muscle,  and  place  it  in  fresh  water  under 
the  microscope,  you  will  at  once  per- 
ceive tbeae  cilia  in  rapid  action  around 
the  inner  margin  of  every  aqaafe  mesh  of 
the  organ.  And  in  the  common  muscle 
of  the  sea,  you  perceive  the  same  still  more 
obviously,  where  the  cDfat  are  longer  and 
Ittrgor*  and  have  a  bent  clavate  form.  By 
these  minute  organs  the  currents  are  di- 
rected over  the  surface  of  the  branchiCf 
and  outwards  through  the  anal  orifice  of 
the  sac,  as  in  the  tunicated  animals. 

We  frequently  observe  in  the  dorsal 
part  of  the  body,  smaller  transverse  mue- 
cular  bands  passing  from  the  one  valve  to 
the  other,  near  the  hinge,  which  assist  the 
larger  adductor  muscles.  The  muscular 
coat  of  the  respiratory  sac  is  often  pro- 
longed to  a  Bfeat  distance  beyond  the 
shell,  especially  in  burrowing  specie^  by 
which  the  mantle  astomet  a  tobahnr'Wnn 
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to  reach  the  sur^u^e  of  the  mud,  the  sand, 
or  the  rock,  in  whkdi  it  bwrows,  and 
terminates  in  the  usual  orifioea  A)r  tiie  en* 

trance  and  exit  of  the  currents*  The  mw^- 
cular  fibres  are  developed  to  a  variable 
extent  over  the  mantle,  and  we  perorive 

thp.Ti  extending  on  to  the  broatl  base  of 
the  upper  and  lower  lips,  fur  their  motions, 
and  indeed  all  these  muscular  organs  of 
the  conchifera  vary  in  their  forms  and 
ma^itude,  accordini>^  to  the  liabits  and 
CKigenciea  of  the  species. 

Although  the  gasteropoda  are,  for  the 
most  part,  coniined  to  the  interior  of  a 
hollow  undivided  calcareous  cone^  we  find 
these  animals  in  the  living  state  suscejjti- 
ble  of  a  great  variety  of  active  motions. 
Their  name  is  taken  from  the  loot,  which, 
for  the  most  part,  extends  from  the  ab- 
dominal surface  of  the  body,  and  some- 
times covers  that  abdominal  surface. 
When  it  covers  the  whole  alklominal 
surface  of  the  body,  as  yoii  iee  in  the 
doris,  those  animals  constitute  the  famil}- 
(armed  bf  Lamabck  gasteropoda;  but 
when  the  muscular  foot  extends  only 
from  the  lower  part  of  the  neck,  as  you 
see  in  the  inhabitaiitd  ui  the  univalve 
turbinated  shells,  then  those  animals  form 
the  group  called  I  r  Lamarck  tracheli- 
poda.  But»  for  the  most  part,  those  two 
very  different  forma  are  grouped  together 
under  the  gfimerel  name  of  gasteropoda ; 
for  in  both  the  muscular  foot  is  extenrlod 
along  the  lower  surface  of  the  abdomen, 
although  not  attached  to  the  whole  of 
that  surface  in  the  tracheUpodous  animals 
of  Lamarck.  * 

When  you  irritate  those  gasteropods 
inhabiting  uniiralve  tntbinatea  sAiells,  you 
Tery  soon  perceive  that  they  have  the 
power  of  Lvithdrawing  themselves  into 
their  shell  with  great  quickness  and  force. 
This  they  do  hf  means  of  a  fleshy  strong 
band,  extending,'  Iciclvwards  from  the  pos- 
terior and  inferior  part  of  the  neck,  and 
connected  with  the  columella,  as  you  see  in 
the  common  buccinnm  {Fig.  Zy  6,  page  475, 
vol.  1 This  is  the  muscle  of  attachment ; 
it  is  the  only  partof  the  muscular  system,  in 
these  forms  of  gastevopods,  that  is  fixed  to 
theshell,  so  that  by  detaching  this  powerful 
mnsclfi  of  the  colnmella,  you  can  take  out 
the  whole  body  ot  the  gasteropod  entire 
from  the  shdl,  wtthont  Atrtiier  dissection 
If  however  you  attempt  to  tear  out  the 
animal,  without  dividing  this  muscle  ol 
attachment  fiiced  to  the  columella,  you 
will  tear  the  animal  into  two  pieces,  and 
leave  the  posterior  half,  the  liver  and  tes- 
ticle, in  the  male,  still  occupying  the  small 
convolutions  of  the  shell,  or  the  ovary  and 
liver  if  it  be  the  female.  This  retractor 
muscle  moves  slowly  forward  along  the 


pillar  of  the  shell  during  growth,  like  tiio 
adductor  mosdes  of  conenuiHra. 

The  mantle  of  the  gasteropod  is  that 
open,  muscular,  and  secreting  fold,  the  sur- 
face of  which  serves  to  deposit  the  sue* 
oessive  layers  of  calcareoos  matter,  par* 
ticularly  its  thick  glandular  anterior  mar- 
gin. This  mantle,  open  in  front,  is  mus- 
cular and  contractile,  as  well  as  of  a  se- 
creting glandular  structure.  It  can  ho 
extended  forwards  much  beyond  the  mar- 
gin, and  retracted  much  within  the  margin 
of  the  shell.  In  this  preparation,  which  I 
now  show  you  {Fig.  page  475,  vol.  1), 
I  h?A'e  drawn  it  a  little  forward  from  the 
matgui  of  the  shell,  so  as  to  bring  its 
th  ick  glandular  secreting mai^n  into  view. 

This  muscular  mantle  covers  the  respi- 
ratory organs,  and  the  terminations  of  the 
digestive  and  generatfve  organs,  and  se- 
cretes and  models  the  new  layers  of  tho 
shell.  The  muscular  fold  of  the  funnel  is 
prolonged  from  the  left  side  of  the  margin 
of  the  mantle,  and  by  the  meeting  of  its 
margins  is  formed  into  a  tube  for  the  pas- 
sage of  the  water  to  the  gills  on  that  side. 
The  cavity  of  the  mantlets  closed  behind, 
where  its  muscular  fibres  tmite  with  thns-j 
of  the  very  strong  fasciculi  composing  the 
greater  part  of  the  neck.  The  muscles  on 
the  lower  part  of  the  neckeicpand  in  every 
direction  to  form  the  long  muscular  foot 
on  which  these  trachelipodous  species 
creep,  rnd  the  fibres  are  prolonged  back- 
wards from  the  same  part,  to  form  the 
strong  retractor  muscle  of  the  colinnella. 
They  can  swim  suspended  from  the  sur- 
face of  the  water,  by  converting  this 
crec-ping  muscular  foot  into  a  concave 
cup,  which  moves  like  a  boat  along  the 
surface.  In  the  jmikhu,  gtobalet  of  air 
are  enveloped  by  the  assbtence  of  the 
foot  in  a  i^hitinous  secretion,  by  which 
agglutinated  globules  of  air  a  float  is 
formed  sufficiently  large  to  carry  the  en- 
tire animal  suspended  at  the  surface  of  tho 
sea,  where  its  prey  abounds.  In  the nautica 
glaucina  the  foot  and  expanded  mantle  col- 
lect the  discharged  ova  between  them,  and 
envelop  them  in  an  agglutinntcd  plate  of 
sand,  which  has  often  been  mistaken  and 
described  as  a  xoophyte,  firom  observing 
the  little  ova  in  the  flat  lamina  of  agc^^lnti- 
naterl  sand,  like  the  ceUs  of  an  eschara  or 
a  jlustra.  The  dorsal  surface  of  the  foot 
supports  and  secretes,  layer  after  layer, 
the  operculum  of  the  shell,  whether  homy 
or  calcareous. 

The  tipper  part  of  the  neck  forms  a 
muscular  sheath  around  the  complex  ap- 
paratus of  the  mouth  and  proboscis,  and 
supports  on  the  right  side  the  iiuiscuiar 
e»!iting  organ  of  the  male ;  anteriorly  it 
is  prolonged  to  form  the  lips  orinnrc-in?  of 
he  sheath  of  the  proboscis  and  the  two 


Digitized  by  Google 


Ml  PROnSSSOR  MANT  ok  tRS  Mfr8C;in4AR  ST8TEM 


bigbly  Mn<hiv0  tmiacQla  which  generally 
•opporl  tiM  eyM  aft  fh«  mrterier  of  tbeir 

fiase.  In  many  of  Ihe  nnVed  ^stcroivods 
the  foot  forms  a  largo  circxilar  or  oval  disk 
covering  the  whole  abdominal  surface  of 
the  body,  as  in  the  dorit,  ttia  9oli»,  the 
snail,  the  aply»ia,  and  in  many  of  the 
testaceous  gasteropods,  as  the  patella^  the 
tbe  eMfoM,  ttie  MiOh.  In  tbe  floating 
gjasteropods,  or  those  naked  species  carried 
along  the  surface  of  the  sea,  adhering  to 
the  surface  of  floating  marine  plants,  the 
as  in  this  «eyltajMiaytca,  is  of  a  very 
lengthened  and  compressed  form,  and  is 
weU  adapted,  as  in  the  tritmia  and  the 
jfimm,  for  grasping  the  alendir  atemt  of 
fuel  or  of  zoophytes. 

In  the  patella  {Fitf.  132)  the  >)ody  is 
covered  with  a  simple  conical  shell  (Fig. 
131,  h)t  9ptm  bdow,  indtie  whole  ef  this 


wide  aperture  ia  ca]MliIe  of  boiig  ooyered 

with  the  large  foot  (Fig.  132,  a)  on  which 
it  creeps.  The  marginal  fibres  of  the  font 
{Pig.  132,  b)  extend  outwards,  to  be  in- 
serted into  the  lower  part  of  the  sides  and 
back  of  the  shell,  and  the  cavity  is  thcre- 
£nre  open  before  for  the  uj:o4rusion  of  tba 
boad  {Fig,  132,  «).  The  aiaffgin  of  tba 
mantle  [Fig.  132,  c),  as  in  bivalves,  is  re- 
tracted by  muscular  fibres  connecting  it 
with  tb€  inside  of  the  shell.  The  branchis 
{fig.  132,  d)  are  hate  expaacd  between 
tiM  margin  of  the  mantle  and  the  foot,  in 
the  most  expeeed  aitoation,  when  the  ani- 
mal slightly  raiaet  ita  ahell  Urom  the  con- 
tact of  the  reek.  The  tentacula  {Fi§. 
\Z2tf)  have  here  a  peduncle  at  their  base 
for  the  support  of  the  eyes.  The  mouth 
{Fig.  132,  g)t  as  in  most  of  the  vegetable- 
eating  gasteropoda,  is  destitute  of  a  pro- 
boscis, and  is  here  provided  with  a  very 
loag  Goandated  tongue,  covered  on  its 
upper  surface  with  several  rows  of  sharp, 
recurved,  homy  teeth,  for  filing  the  marine  j 
plants  on  which  it  feeds.  The  upper  teu-  • 
taenia  ef  the  detie  are  withdrawn  iato; 


sheaths  on  the  exterior  of  the  mantle,  and 
nraecnlap  flhret  emhrace  the  orifloe  of  tlw 

branc  hial  sac  in  that  animal,  so  as  to  roA» 
tract  it  like  a  sphincter.  The  eyes  of  the 
gasteropods  are  sometimes  placed  at  the 
extremitiea  of  peduncles  of  greater  Hagtil 
than  the  tentacula  themsolvp'^,  as  yon  ob- 
serve in  the  snail,  where  they  are  placed  at 
the  extremltfes  of  two  long  tnbemr  iniie« 
cular  organs.  The  eye-hall  in  the  snail 
is  placed  at  the  extremity  of  a  muscular 
sheath,  the  fibres  of  which  are  chiefly  ditn 
posed  in  two  directions.  Mascalar  hands, 
of  a  longitudinal  direction,  are  attached  to 
the  sclerotic,  the  action  of  which  is,  con- 
sequently, to  withfoiw  the  eyeball  within 
this  tubular  peduncle.  But  we  observe 
very  distinctly  circular  fibres  also  sur- 
rounding tiie  whole  of  this  tubular  struc- 
ture. Those  circular  fibres  which  sur- 
round this  organ  of  the  tsnail  serve  both 
for  the  extension  and  the  retraction  of  the 
eyeball ;  for  yon  will  obeerre  that  wh6n 
the  eyeball  is  partly  retracted,  the  iti- 
tegnment  then  embracing  it  is  doubled 
at  ibe  extremity.  It  is  drawn  backwards 
diiefly  by  these  longitudinal  filamenti. 
But  when  it  is  thus  drawn  within  a  part  of 
the  extremity  of  the  sheath,  then  the  cir- 
cular flbres  come  to  act  upon  fta  anterior 
part,  so  that  by  their  action  it  it  pnsbed 
backwanls,  at  the  same  time  enclosed 
completely  within  the  organ,  and  the  or- 
gan itaelf  M  fllosed  ae  by  aaphincter,  wheii 
at  length  we  see  no  ti'ace  of  it  upon  <he 
head  of  the  snail. 

Extending  from  the  mouth,  in  the 
greater  number  of  the  pretlaceoua  gaslero- 
podi,  you  perceive  a  long  proboade,  an 
organ  of  great  muscidar  strength,  atid 
provided  at  the  extremity  for  the  most 
part  with  sharp,  hard,  recurved  IumIm,  as 
you  observe  in  the  prohoscia  of  the  hne- 
dniw  {Fig,  133).   This  Is  a 

^.133 
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for  the  destrnctiim  of  other  moUiu- 

cous  or  soft  animals,  upon  which  these 
species  feed.    The  proboscis  is  a  stroni^ 


serpent  on  rough  ounil.  Ilidir  npid 
motions  when  developuig  in  the  ovum  ami 

for  some  time  after  ihcy  escape  from  it, 


muscular  tubular  organ  cuutaiued  iu  ttie  are  produced  by  the  vibrationst  uf  circleit 
nedc,  and  capable  of  bdng  protruded  from  |  of  cUia  diipoeed  on  the  anterior  part  of 


the  mouth  by  the  numerous  powerful 
muscles  inserted  into  it.  It  contains  a 
^linilrical  fleshy  tongue,  which  supports 
the  sharp  teeth  or  spines  or.  its  two  ex- 
panded terminal  lips  {fiy.  Kl.i,  a).  These 
two  lips  to  which  tlie  teeth  are  fixed,  are 
■apported  internally  by  two  long  cartila- 
ginous laminic,  very  strong  in  this  car- 
nivorous species.  The  tongue,  with  its 
teeth,  is  capable  of  being  protruded  be- 
yond tbe  extremity  of  the  extended  pro- 
boscis which  contains  it.    It  is  retracted 


the  mantle,  very  much  resembling  those 
of  rotiferat  and  those  vibratilo  cilia  1  have 
found  in  the  yonng  both  of  the  naked  and 
the  testaceous  gasteropods.  From  mis- 
takinc^  the  trne  niituro  of  the  foot  of  the 
carmaria  and  some  other  gasterouods,  an 
order  d  hHertpodt  waa  fermeny  eeta- 
blished  by  Lamarck,  which  was  supposed 
to  consist  of  animals  higher  than  all  other 
invertdirata,  and  to  form  an  intermediate 
form  between  the  cephalopoda  and  tUbm. 
Unlike  the  slow-movini^  creeping  gas- 


by  longitudinal  muscles  {Fiy.  I'SS)  inserted  j  teropods  the  class  of  pteropods  have  fin- 
into  the  middle  of  ita  external  surface,  like  muioiilBr  expansions  to  enable  them 

and  It  is  forciiily  protruded  from  the  pro-  to  swim  freely  through  the  ocean.  The 
hoscis  by  two  lateral  oblique  muscles  oiuscular  covering  of  the  viscera  called 
{Fig.  133,  d  d)  attached  to  the  side?,  jthe  mantle  is  here  closed,  so  tliat  their 
This  organ  is  employed  by  those  camivo-  abdominal  cavity  is  a  shut  sac.  Organiaed 

rous  gasteropods  to  dcsti  ny  living  i)rey,  |  to  Hwini  near  the  still  surface  of  the  sea, 
or  to  tear  the  flesh  of  the  animals  just  de-  they  have  no  muscular  ibot  to  creep  upon; 


Mroyed* 

This  is  a  structure  whick  it  very  differ- 
ent from  that  which  you  see  in  the  gas- 


they  have  generally  two  muscular 

brancs  extendinp;  one  from  each  side  of 
the  head  or  atuerior  part  of  the  trunk,  by 


teropods  that  feed  on  vegetable  substances,  which  they  swim.    These  two  muscular 


for  in  tiiem  you  will  sometimes  see  jaws 

for  compressing  the  vegetable  food  ;  and 
at  other  times  a.long  tougue,  as  in  the  com- 
mon limpet,  covered  with  rough  spines 
for  filing  the  plants.  These  creeping  slow 
gasteropodous  animals  are  capable  also  of 
swimming,  which  they  do  chiefly  by  the 
action  of  tlie  foot.  We  obeerve  them  often 
creeping  upwards  along  the  side.>j  of  a 
basin  of  water  till  they  reach  the  upper 
margin,  upon  reaching  the  margin  of  the 
water  tbqr  pass  the  foot  backwanU  along 
the  surface  of  the  water,  and  making  it 
concave  at  its  upper  part  they  displace  a 
large  quantity  of  water,  forming  witib  tiie 
foot  a.s  it  were  a  little  barge;  they  can 
then  swim  across  the  surface  of  the  water, 
hanging  the  bhell  and  all  the  i>osterior 
part  of  the  liody  below  the  surface  of  the 
water,  by  sinrply  snsjjendin^  themselves 
from  the  little  hollow  boat  they  have  made 
^  thus  midering  the  surftu^e  of  the  foot 
concave,  and  disj^cing  part  of  the  water, 
and,  as  in  the  case  of  the  floating  conchi- 


folds,  by  the  motions  of  which  those  ptero- 
pod«,  as  the  e/ie  (i^  134)  ami* 

Bfk  134. 


others,  are  enabled  to  swim  to  and  fro  in 


fera,  a  little  water  thrown  on  the  hollow  .  the  water,  have  no  rays  to  support  them, 
exposed  foot  causes  them  toeink.  When  On  tfa«  surface  of  those  expanded  mem- 

we  observe  them  creeping  on  a  sniooth  bers  you  can  generally  perceive  a  striated 
plate  of  glass,  by  looking  through  the  j  ap|)earance.  This  striated  appearance  is 
glass  there  appear  to  he  waves  advancing  I  produced  by  the  laminee  of  the  gills  or  the 
over  the  wliolu  flat  surface  of  the  adher-  hranchia,  so  that  those  fin-like  organs  of 
ing  foot.  There  are  ti-ansverse  lines  of' motion  servo  both  for  the  purpose  ofcar- 
the  foot  which  advance,  and  other  trans-  rying  the  pteropoil  through  the  water,  and 
verse  portions  which  are  flxed  points,  so !  of  aerating  the  blood.  It  Is  fkim  the 
that  by  thus  fixing  parts  and  advancing  structure  "of  this  muscular  part  that  those 
those  immeiiiutoly  behind,  the  w  hole  mo-  \  ptcropods  have  received  their  name ;  and 
tion  of  the  foot  is  lilce  the  creeping  oi  a  I  you  will  find  that  whatever  be  their  form. 
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therearethoie  miucfilRrorgans,  like  wings, 
to  enable  these  minute,  grcgariQus»  sof^ 
and  transparent  animals  by  their  motions 
to  swim  to  and  fro  in  the  sea.  They  are 
of  a  fbrni  generally  more  nearly  approach- 
ing to  that  of  the  cephalopotls.  t  -^^ijecially 
to  the  inferior  testaceous  ccphalopods,  as 
^  'we  tee  in  the  c<lo  aiw/r»to  134).  The 
head  of  that  animal  is  terminated  ante- 
riorly with  tubular  muscular  sheaths  eni- 
tiracing  the  tentacula  {Fii/,  134,  c).  The 
nraacomr  organs  of  progressive  motion  co- 
vered with  the  laminated  gills  (Fiff.  131,  a), 
extend  to  a  considerable  distance  irotn  the 
sides  of  the  neck.  The  muscular  cover- 
ing of  the  trunk,  which  is  open  in  front  in 
the  cephalopods  and  in  the  pectinibrau- 
chiate  gasteiopods,  is  here  closed  {Fif/. 
134t  b),  so  that  the  gills  are  neoessarily 
placed  on  an  external  part  of  the  body. 

The  cejyhalopudfs  can  swim  through  the 
sea  or  creep  along  the  bottom.  TJie 
eight  feet  around  the  head  arise  from 
a  muscular  eontimious  ring  which  ex- 
tends round  the  mouth;  that  muscu- 
lar disk— nvhicb  joa  observe  also  in  the 
fishes  that  come  nearest  to  the  cephalo- 
pods, as  the  1atnprcy?4 — aud  those  eight 
muscular  armi>  di^pobed  around  the  head, 
have  a  very  complex  structuro.  The  outer 
disk  is  only  divided  into  eight  of  these 
meaibers  in  all  the  naked  cephalopods. 
There  are  none  of  tiiem  that  are  truly 
decapods,  they  are  all  octopods ;  hut  yet 
you  will  ob8er\  c  there  is  a  great  difference 
among  those  naked  cephalopods,  arising 
from  the  devdopment  of  two  other  long 
cylindrical  organs,  which  are  frequently 
considered  as  an  additional  pair  of  feet ; 
thence  the  calling  them  decapods.  But 
these  two  additional  organs  are  of  anature 
vcr\'  different  from  those  which  are  pro- 
duced upon  the  exterior  disk.  Those  two 
tentacub,  as  they  are  called,  are  long  and 
cylindrical  tn  ij'  ir  Tlieir  extremity,  where 
xhey  are  generally  flattened,  strong,  and 
muscular,  and  where  they  have,  upon  one  of 
their  iddes,  at  tiie  distal  extremity,  a  num- 
her  of  small  suckers. 

The  eight  arms  or  feet  are  developed 
from  the  exterior  aronnd  the  head,  and 
irom  this  structure  and  the  use  of  those 
organs  these  animals  have  got  the  name 
of  cephalopods.  The  feet  are  very  strong 
muscular  organs,  fui*med  of  diverging  fas- 
ciculi, which  rise  up  from  the  cartilagi- 
nous disk  at  their  base.  From  their  inter- 
nal sui^e,  employed  in  grasping,  we  ob- 
MTve  the  numerous  small  circular  con- 
cave organs,  the  suckers,  developed.  Those 
suckers  have  also  a  complex  structure, 
provided  internally  with  a  cartUaginoas 
v'mp;,  and  externally  with  numerous  di- 
verging muscles  with  a  thick  nmscular 
margin.   They  act  like  a  sucker  in  adher- 


ing firmly  to  tiie  olqect  they  design  either 
to  seize  for  prey  or  to  creep  upon.  So 
that  by  those  organs  they  can  creep  up 
perpendicular  places  even  when  out  of 
the  water*  The  long  tentacula,  which  arise 
lower  and  arc  developed  from  without  the 
brachial  disk,  are  alsostrong  muscular  pre* 
hensile  organs  j  they  are  organs  by  which 
these  animals  can  fix  themselves  to  a 
part,  and  move  around  that  fixed  point  ton 
considerable  distance.  The  tentacula  aic 
thus  a  sort  of  anchor  to  them.  At  the 
base  of  those  ai  ms  )  ou  will  observe  in  the 
octopus  that  theic  is  a  strong  muscular 
membrane  pasbing  across  from  the  one 
arm  to  the  othw,  allnNind  the  head.  This 
strong  muscular  mcnibrano,  connecting 
the  bases  of  these  arms  together,  is  an 
organ  by  which  the  octopods  are  enabled 
to  swim  with  some  rapidity  through  the 
sea,  hut  only  backwards.  To  perform  this 
motion  it  exjjunds  suddenly  those  arms 
around  its  head,  and  strikes  the  water  from 
its  head,  pushing,  consequently,  its  round 
posterior  pai't  backwaids, — this  form  of 
cephalopod  being  able  only  to  swim  back- 
wards, from  the  total  want  of  fins.  It  is 
not  ])rovided  w  ith  organs  in  the  J^liape  of 
iius,  disposed  on  any  part  of  its  niautJe,  as 
in  most  other  naked  species.  That  is  the 
reason  api)arently  why  the  octopod  has 
that  inter-brachial  membrane  so  largely 
developed,  compared  with  what  we  ob- 
serve in  tlie  Mpkifl^e  loliffo,  or  even  the 
sppwJa.  The  arms  of  the  octopus  are  also 
lai^e  compared  with  those  of  the  other 
naked  cephalopods,  and  they  are  ap* 
jiroached  in  size  by  those  of  the  scpiola. 
But  you  will  perceive  that  they  ai^e  all 
truly  octo|>ods,  so  far  as  the  numlier  of 
arms  are  concerned,  which  originate  from 
the  !'nbdivision  of  the  oral  fleshy  disk. 

We  observe  in  most  of  those  naked 
cephalopods,  that  the  exterior  of  the 
mantle  gives  attachnieut  to  fm-like  oi^ns 
whioh  are  variously  formed  and  situated. 
In  the  afjjHi  those  fin-like  organs  of  loco- 
motion extend  from  the  upper  margin  of 
the  mantle,  along  the  whole  of  the  sides,  to 
the  lower  part  of  the  bod^.  £y  those 
muscular  organs  the  sepia  is  enabled  to 
swim  either  forwards  or  backwards ;  they 
move  by  levator  and  depressor  muscles, 
like  the  fins  of  a  Ash,  extending  from  the 
sides  of  the  mantle;  but  no  cephalopod 
has  the  organs  of  i)rogrc5;«ivc  motion  sup- 
ported by  osseous  or  cartilaginous  ra\  s  of 
any  kind ;  no  rays  have  been  found  sup- 
porting the  muscular  fins  of  any  ptcro- 
jjods  or  eei)haloj)f)ds.  ]  ii  some  of  the  loli- 
gines  we  also  observe  that  those  lateral 
fin-lilce  organs  are  considerably  devebped 
from  the  sides  of  the  mantle;  that  they 
extend  almost  to  its  upper  margin,  Wfi 
compk-tdy  reach  and  mcei  at  the  lotrer 
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part  of  the  body  in  tlic  loUgo  tHlgarh.  In 
the  loligo  Mayilatiay  the  arrow-like  form  of 
the  posterior  part  of  the  body  is  produced 
by  these  t\YO  extended  caudal  fins,  but  in 
the  loligo  vtUgari*  you  observe  they  com- 
nenoe  nigh  up,  become  wider  and  wider 
to  their  niiddk',  and  then  contract  to  the 
base  of  the  body  ;  those  of  thv  loHr/o  sngi- 
Uitta  shoot  out  in  an  arrow-like  niauncr 
from  the  sides  of  tbe  pointed  tdl.  In  the 
loUgopsis  you  observe  that  those  two  fins 
form  an  almost  circular  disk  at  the  poKte- 
rior  part  of  the  body.  Where  they  ha%'e 
this  extended  form,  as  in  the  lotigopm, 
the  loligo,  and  most  of  tlic  naked  tjoiicra, 
the  animals  can  swim  with  almost  equal 
heQity  either  forwards  or  backwards. 

In  the  little  sepiola  \vc  observe  those 
two  rounded  lateral  fins  placed  pretty  far 
forwards  upon  the  mantle  [Fig.  A'*,  1,  b 
p.  513,  vol.  I),  supported  by  a  cartilaginous, 
firm,  internal  lamina,  which  I  mentioned 
l>eforc  as  analogous,  somewhat,  in  position 
and  nftture  to  a  scapola.  lliejr  are  united 
by  strong  diverging  muscular  ftsciculi, 
which  connect  tliem  before  and  behind  to 
the  exterior  surface  of  the  mantle ;  and  by 
those  muscles  they  are  enabled  to  move 
these  two  fins,  like  the  ])t'ctoral  fins  of  a 
fish,  or  like  the  wings  of  a  bird.  Tbe 
mande  itseif  is  a  strong  mnscuUr  organ, 
compoeed  tdmost  entirely  of  muscular 
fibres,  supported  by  thin  cartilafrinous 
laininsB^  situate  in  different  positions  on 
the  back  and  along  the  sides,  to  give  it 
udditinnal  strength.  On  the  exterior  "sur- 
face of  the  mantle,  the  disposition  of  the 
muscular  fibres  is  chiefly  longitudinal.  If 
you  cut  open  the  mantle,  and  look  at  it  on 
the  inner  surface,  the  disposition  of  the 
muscular  fibres  is  seen  to  be  chiefly  trans- 
verse. But  besides  this  general  disposi- 
tion, we  find  fibres  crosslnr;  each  other  in 
every  direction.  Although  this  is  the 
general  disposition  of  the  outer  and  the 
inner  layers  t^i  muscles,  we  perceive  that, 
extend itip;  downwards  from  the  fore  j)art 
on  each  side,  there  are  strong  muscular 
hands  which  connect  the  base  of  the  fun- 
nel  with  the  anterior  part  of  the  mantle ; 
those  enable  the  funnel  to  he  withi'rawn, 
and  the  mantle  to  be  contracted  towards 
and  over  the  funnel.  The  muscles  are 
long  and  powerful  which  connect  the 
head  behind  to  the  back  part  of  the  trunk. 

The  motion  of  respiration  is  effected  by 
the  expansion  of  the  lateral  parts  of  the 
mantle,  to  allow  tlie  water  to  rush  in  im- 
mediately ovi  r  the  two  internal  branchiic, 
for  the  branchiae  are  always  disposed  sym- 
metrically, and  attacbe.i  by  ligamentous 
bands  on  the  two  sides  of  the  body,  imme- 
diately within  the  open  mantle,  and  ex- 
tending downwards  from  those  two  late- 
ral parts  to  the  two  portions  of  the  auri- 


cle  called  the  lateral  or  branchial  hearts. 
M  hen  the  water  has  thus  passed  down- 
wards over  the  hranchise,  the  currents 
meet  and  pass  upwards  over  the  abdomi- 
nal  viscera,  over  the  extremity  of  the  rec- 
tum, and  oif  tiie  two  oviducts  in  the  fe* 
male,  and  over  the  termination  of  the 
male  organ  on  the  left  side  of  the  body  of 
the  male,  and  also  over  the  termination 
of  the  duct  of  the  Ink-gland  which  opens 
into  the  rectum,  so  that  the  act  of  expiring 
the  inhaled  water  assists  in  the  discharge 
of  all  the  natural  evacuations,  as  we  saw 
to  be  the  case  in  the  ttmieata,  the  cm- 
chi/era,  and  the  gnsteropods.  There  arc 
also  strong  muscular  aponeuroses  spread 
over  the  several  viscera,  within  the  ab- 
dominal cavity,  to  assist  their  several  func- 
tions, and  retain  their  jjroper  positions. 

In  the  nautilus  there  are  lateral  mus- 
cles of  attachment  to  fix  the  base  of  tiie 
animal  to  tbe  s^lu  ll,  and  palmated  arms  to 
assist  its  swimming,  and  tubular  tentacula, 
like  the  pteropods  and  many  of  the  naked 
gasteropods.  The  animal  found  in  the 
argonaut  i-hvM  is  an  octnpod,  with  mem- 
branous expansions  [Fig  135,  a)  on  two  of 

/fy.  135 


it?  arm?,  to  nssl  ^  its  motion  on  the  sur- 
face, and  the  other  three  pairs  of  arms 
{Fig.  1  ;?.'>,  b  e  (1)  are  thought  to  assist  by 
rowing  its  barge  along  the  surface.  This 
is  t)ie  animal  which  was  said  to  have' 
taught  men  the  use  of  sails  in  navigatiou* 
So  that  we  perceive  that  the  muscular 
system  of  the  molluscous  classes  varies 
more  than  in  the  articulata,  and  that  tb.at 
of  the  cephalopods  fits  them  lor  more  nu- 
merous and  varied  movements  and  ac^ 
tions  than  in  all  the  inferior  invenebrata. 
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Ddivtnd «t  fh»  CoHUgth^  1833,  If 
SIR  CHARLES  BELL,  K.O.H.,  T.R.S. 

LECTURE  YIIL 

BIASTICITT  OF  IIVIWO  PABTH. 

Yor  know,  Gentlemen,  that  we  have 
cndM.voiif«d  to  be  directed  bilherto  by 
the  arrangement  of  Mr.  HrKXER.  Xr^v 
will  you  permit  me  to  read  a  passage  from 
tbe  catalogue,  MrMch  la  in  Hhe  wbvia  of 
Mr.  HunTBR.  We  find,"  be  says,  *'  a 
common  principle  in  the  animal  economy; 
that  eveiy  part  increajses  in  the  same  de- 
gree, acconling  to  tbe  action  required. 
First,  we  find  that  muscle  increases  in 
size  in  proportion  as  we  require  strength  ; 
vessels  become  larger  in  proportion  to  the 
necessity  for  supply,  as,  for  instance,  in 
the  gravid  litems.  The  external  carotids 
in  the  stag  also,  wheu  his  horns  are  grow- 
ing, are  mneh  larger  tban  at  any  other 
time ;  and  1  have  observed,"   he  adds, 


questing  me  to  ?ay,  whether  the  nerve 
or  the  bone  is  formed  first.  Now  the 
question  is  put  witii  such  a  degree  of  inge- 
nuity that  I  really  cannot  answer  it  Th 
subject  is  fairly  open  to  investigation ;  but 
it  cannot  be  in/estigated  in  such  a  (U«- 
quisition  as  a  lecture,  nor  by  conversa- 
tion, but  only  by  experiment  and  ac«iif«te 
observation. 

The  iubject  I  have  now  to  dtscuss  is 
one  which,  on  account  of  its  great  diffi- 
culty, I  wish  1  (  ould  avoid,  viz.,  the  nature 
of  elastic  power;  iuid  Mr.  Hunter  has 
put  down  in  the  series  a  certain  set  of 
preparations  which  are  illustrative  of  elas- 
ticity, as  it  belongs  to  nature  and  to  tbe 
animal  body. 

Now  we  find  that  his  definition  is,  tliat 
perfect  ela.sticity  of  the  luuly,  is  that  power 
which  is  capable  of  restoring  the  iovni  oi 
a  part  which  is  thrown  out  of  its  nonrnl 
condition  hy  cntars;enient  or  by  pressure. 
The  best  example  oi  elasticity,  however, 
is  presented  by  the  atmosphere,  wMcb  ii, 
indeed,  the  only  body,  if  I  may  so  say, 
that  is  perfectly  ela>^tie.  You  maj*  press 
it  to  any  degree,  you  may  press  it  for  aiiy 
length  of  time,  and  it  will  resume  bs 
former  magnitude.  The  hiade  of  a  saw 
gives  us  the  best  example  of  elasticity 
in  solid  matter.  Let  me,  however,  take 
an  emnple  from  an  ivory  bail,  which 
rotnes  near  to  otu-  s\ibject.  Suppose  there 
is  a  slab  of  marble  covered  with  black 
paint,  and  that  you  lay  down  an  ivory 
ball  upon  it.  When  you  raisc^  the  lial! 
there  is  a  ])lack  spot  on  it.    Take  tne  ball 


**  that  in  inflammation  the  vessels  become 

larger;  more  blood  passes,  and  there  ap-  |  again,  and  let  it  fall  from  a  height,  tad 
pears  to  be  more  action  taking  ])lacc.  But  j  the  spot  of  black  is  burger.   Increase  tbe 

tbe  nerves  do  not  5!pein  to  undcrt^o  any  height,  and  so  increase  the  velocity  as  it 
change  J  the  nerves  of  the  gravid  uterus 


arc  the  same  at  when  it  is  in  a  natural 

state,  and  neither  do  the  branches  of  the 
5th  or  rth  pair  of  nerves  in  tbe  stag 
become  larger."  The  first  part  of  this 
passage,  we  sliall  find  it  necessary  to 
keep  in  view,  in  order  to  pive  any  sort 
of  interest  to  the  subject  ot  this  lecture, 
and  the  pasi<agc  pnli  me  in  mind  of  a 
duty  I  have  to  perform. 

1  have  received  letters,  as  formerly  I 
was  wont  to  do  w^ii  a  lecturer,  witliout 
names;  and  it  is  niy  habit,  when  1  see  the 
subject,  to  turn  my  e^  c  tn  the  bottom  of 
tbe  page,  and  if  I  find  no  name  1  do  not 
read  them.  Although  a  Frenchman  might 
Bnppose  that  the  contents  of  such  a  letter 
w^as  all  praise,  yet,  acconling  to  my  na- 
ture, I  rather  presume  that  there  is  some 
tftetX  severity  of  critidsm,  and  as  I  know 


descends,  and  the  spot  is  still  increased  lu 
magnitude.  This  proves  tbat  when  tbcfs 
is  ]>erfnsNion,  there  is  a  change  in  the 
form  of  the  ivory  ball  throughout  its  whole 
circumference.  This  Itriags  us  at  once  to 
the  point.  Gentlemen.  We  are  williag  to 
suppose  that  in  the  loose  texture  of  bone 
there  must  be  an  elasticity  which  you  can- 
not conceive  to  exist  in  tbe  firm  lextare 
of  the  ivory  teeth ;  but  if  there  be  an 
elasticity  in  the  ivory  teeth,  of  course 
there  must  also  be  elasticity  in  the  itwe- 
tiire  of  bone,  which  rattier  eonfinns  our 
view  that  the  thickness  of  bone,  as  well 
as  the  elasticity  of  the  skeleton,  is  appor- 
tioned in  tbe  diShrent  parts  of  the  fkele- 
ton,  according  to  the  nmction  timt  etch 
part  has  to  perform. 

Now  elasticity  is  always  opi>o3e<l  to,  or 
contrasted  with,  mttscntarity,  for  miuscu- 


fnll  well,  that  in  order  to  prepare  oneself  larity  is  a  property  of  the  living  fibre  of 

for  the  task  before  you,  it  is  better  to  be  the    body,   whereas    elasticity  belongs 

without  such  criticism,  I  do  not  read  these  equally  to  living  and  to  dead  mattsr. 

letters,  and  I  hope  I  shall  stand  excvsed  The  elasticity  and  rouscularit\  of  a  part 


for  tbe  neglect.  But  I  have  one  re 


continue  during  lifei  bat  with  the  €»u»f 
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LECTURE  XXXIII. 

ON  THE  MUSCULAR  SYSTEM  OF  FISHES 
AND  AMPHIBIA 

PisnRS  are  to  man  what  tbe  worm  Is 

to  the  i)erfcct  insect.  They  are  to  the 
higher  vertcbrated  classes  of  animals  what 
the  anneliiles  are  to  the  articulated  ani- 
mals with  articulated  members.  Tbey 
coti^i«t  almost  entirclj'  of  trunk,  and 
upon  its  motion  from  side  to  side  dc- 
penda  almost  whoHy  their  progression 
thrmrgh  the  liquid  clement  they  iiihahit. 
Their  arms  ;uul  Icj^s  arc  consequently 
but  little  employed  either  for  support  or 
locomotion,  and  the  slender  hands  and 
feet  alo:ie  project  from  the  trunk,  as  in 
the  human  embryoi  when  they  are  begin- 
ning CO  bud  from  the  sides.  We  have 
already  seen  how  tlieu-  compressed  trunk 
is  extended  upwards  nntl  downwards  by 
the  lengthening  and  the  lineal  arrange- 
SBont  of  the  common  elements  of  the  ver- 
tebra, and  the  broad  surface  which  is 
thus  afforded  for  the  numerous  strong 
muscles  destined  to  move  hkterally  the 
vertebral  column.  We  see,  upon  exam- 
ining the  skeleton,  that  that  vertebral 
column  admits  of  free  and  extensive  mo- 
tion to  the  right  and  to  the  left ;  and  we 
have  seen  how  IjLautifully  all  parts  of  the 
skeleton  (consisting  almost  of  the  verte- 
bral oolnrnn  alone)  are  organised  ftr  this 


lateral  motion,  and  how  it  constructed 
in  such  a  way  as  to  allow  of  very  limited 
motion  upwards  and  downwards. 

Vou  might,  therefore,  frn'n  seeing  the 
structure  of  the  bones  and  their  articula- 
tions, infer  that  the  muscles  which  are 
destined  for  the  progressive  motion  of 
fishes  are  disposed  upon  the  two  sides  of 
tht;  columu  in  such  a  way,  as  to  act  most 
pow  crfully  and  most  favourably  in  band* 
ing  it  in  a  horizontal  plane  to  the  right  or 
to  the  left  side.  So  that  the  waving  ser-* 
pentlne  motion  of  the  trunk  of  flahea  ia 
like  that  of  the  armless  trunks  of  worms 
through  the  same  dense  clement. 

The  muscles  thus  disposed  in  fishes  for 
the  motions  of  the  vertehnr,  ^yresent  us 
with  the  lowest  condition  of  this  system 
in  the  vertebrated  classes,  and  you  ob* 
serve  them  disposed  in*  transverse  similar 
strata,  like  those  of  a  worm  or  an  insect 
for  the  motions  of  tlic  scl  eral  segments 
of  their  body.  They  are  verj'  little  per- 
meated by  red  blood,  and  have  the  soft* 
ncss  and  the  colourless  transluccncr,  in 
the  recent  state,  almost  of  the  in^'erte- 
brated  classes.  The  fibres  are  less  fibrin- 
ous, less  irritable,  less  dense  than  in  liigher 
vcrtebrata,  and  by  heat  or  coagulation  they 
arc  rendered  more  firm  and  opaque,  and 
more  easily  detached  from  each  other, 
their  cellular  connecting  soft  tissue  being 
thereby  destroyed.  The  imperfect  deve- 
lopment and  feeble  contractility  of  the 
muscles  of  fishes  correspond  with  the 
still  f;cift  nnd  elastic  condition  of  the  hones 
into  which  they  are  to  be  inserted,  and 
tbey  correspond  with  the  soft  pulpy  trans* 
lucent  and  colourless  condition  of  themuii- 
cular  system  iu  man  and  mammalia  at  an 
early  period  of  their  development.  So  that 
fishes  only  retain,  as  a  pemanent  condi- 
tion of  their  muscular  apparatus,  charac- 
ters which  arc  transient  iu  the  highest 
forms  of  vertelirata,  and  we  have  seen  tho 
same  analogy  preserved  in  the  pennanent 
soft  condition  of  their  bones. 

There  is  less  red  blood  circulated  tli  rough 
the  mhidea  and  through  the  body  of  fishes, 
in  comparisnn  with  their  bulk,  than  thcrc 
is  in  the  higher  vertebrated  auiinab,  and 
they  poBseH  but  a  languid  irritability  or 
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power  of  contnction  compared  with  fhe'downwavds  tnd  badcmodt  lSi^«). 

more  highly  organized  nuiscica  of  the,  The  second  portion  has  themembranousse- 
warm- blooded  classes.  Their  motions  also  parations  continued  downwards  but  direct- 
through  their  dense  element  are  so  few  ed  forwards  (F/y.  l.iG,  6).  The  next  beneath 
•ad  so  little  varied,  that  they  require  not  {Ftg.  13G,  c)  ha^  them  directed  downwards 
that  complex  an  ancfrtiicnt  of  pulleys  di-  and  backwards  like  the  first,  and  the  lowest 
rected  to  various  miuutc  and  distant  points  ^  or  abdominal  portion  {Fiff*  136,  d)  nreseuts 
of  the  body  which  we  tee  whore  memhers .  these  intersections  a^in  turned  down- 
for  locomotion  are  more  developed,  and  wards  and  forwards  like  the  second.  In 
where  those  members,  more  subdivided,  all  these  strata  the  compoiici.t  parallel 
admit  of  extensive  and  powerful  motions  muscular  fibres,  lying  in  a  longitudinal 
in  all  directions,  to  carry  the  trunk  over ,  dfapection  with  regard  to  the  body,  piii 
the  dry  land,  or  thrnugh  the  thin  air.  Jin  a  very  obliijue  manner  from  one 
The  muscles  of  fishes  seldom  unite  into  membranous  partition  to  the  other.  The 
ftscicnli,  or  converge  to  narrow  tendons '  upper  series  extending  forwards  to  lie 
to  be  inserted  into  simdl  pmntfl  of  their  attached  to  the  occipital  bone,  occupy 
feeble  skeleton.  They  are,  as  you  oh-  the  (kcp  cavity  on  each  si<le  of  its  pro- 
serve  on  the  trunk  of  lljc  perch  (Fiy.  13(>),  jecting  spine,  and  extend  backwards  to 
disposed  in  parallel  strata,  those  strata  j  the  longitudinal  short  muscles  of  the  can- 
separated  from  each  other  by  tendinous  dal  fin.  It  is  chiefly  for  the  insertion  of 
thin  aponeuroses,  and  consisting  of  fibres ,  this  extensive  interrupted  muscle  on  each 


nmning  paranel  to  each  other,  like  those 
of  the  segments  in  articulated  animals. 


side  of  the  ocdpitil  bone,  that  the  poste- 
rior region  of  llie  cranium  requires  to  be 


from  the  one  side  of  the  stratum  to  the  so  much  enlarged  in  fishes  beyond  vflul 
^ther.  Those  strata  of  longitudinal  mus-  is  necessary  to  contain  the  cerebral  ni«is< 
cnlar  flferes,  oocupjring  the  sides  of  the  |  These  muscles  conceal  those  of  the  inter- 
trunk,  are  disposed  in  transverse  bands  spinous  bones  above  and  below,  for  the 
running  in  four  distinct  series  {^Fig.  136, ,  motion  of  the  rays  of  the  median  fius* 
«,  b,  c,  d),  which  are  chiefly  marked  by  |  Thus  the  whole  of  these  muscles  occo* 

pying  the  sides  of  the  body  are  disposed 
in  this  oblique  direction,  and  In  a  zigzig 
manner,  and  the  upper  two  strata  corre- 
spond in  their  direction  with  the  lower 
two.  This  oblique  direction  of  all  their 
fibres  and  layers  gives  considerable  vek)* 
city  to  the  motions  of.  the  parts  vpoa 
which  they  act,  as  we  see  in  the  case  of 
the  intercostal  muscles  of  quadrupefU. 
These  lateral  muscles  correspond  in  their 
divisions  to  the  vertebrae  into  which  they 
are  inserted,  and  when  we  trace  them 


ft  difference  in  their  general  directions. 

Those  four  external  scries  of  muscles  on 

each  side,  notwithstanding  the  difference  !  from  their  fixed  attachments  to  the  verte* 


ol  tiieir  general  dli'ections,  have  their 
component  fibres  running  with  but  slight 
deviations  in  the  longitudinal  direction. 
We  observe  that  those  numerous  trans- 
Terse  parallel  strata  are  connected  toge- 
ther by  very  thin  teiuliiinus  aponeuroses 
which  are  spread  between  thein,  and  into 
which  the  extremities  of  all  the  parallel 
fihra  are  inserted.  We  observe  that  those 
aponeuroses,  connecting  the  external  trans- 


bral  column  outwards  to  their  inserfloai 
into  the  scaly  skin,  you  observe  that  all 
these  strata  extend  obliquely  outwardi 
and  backwards,  so  that  their  convexity  i> 
towards  the  head,  and  ttielr  concave  not- 
face  towards  the  tail.  They  tend,  there- 
fore, by  their  contraction  to  draw  the  am- 
face  of  the  body  in  all  parU  forwards  »nj 
inwards  when  Uio  vertebra  are  A^^S'^ 
points. 

From  the  disposition  of  these  fourl 


verse  muscular  strata,  arc  L*oniiected  with- 
in to  the  bodies,  and  the  spinous  processes  |  which  we  And  thus  lateral  in  all  the  com 

of  tiie  vertebrae,  for  the  most  part.    They  !  pressed  fonus  of  fishes,  but  placed  8up< 
extend  directly  outwards  to  the  surface,  i  riorly  and  inferiorly  in  all  the  depressC'^ 
and  have  a  firm  attachment  to  the  skin,  or  flat  fishes,  which  have  the  tnuik  •>* 
which  produces  that  transverse  grooved 


marking  which  we  sec  on  the  side^  of 
fishes,  when  their  muscles  are  rigid,  or 


The  four  regularly  disposed  external 
lateral  series  of  muscles  have  their  tendi- 
nous intersections  so  arranged,  that  in  the 


qmer  or  dml  iiart  thqr  we  direclcd  piiiad«i  aie  dii^oied  in  the  saine  ombb'^ 


ten<led  laterally,  not  upwards  and  down- 
wards as  in  the  cod  before  you,  and  u» 
these  figures  of  the  perch  136)i *• 
clear  that  when  one  of  the  ttiata  moftf 
alone  by  volition  of  the  fish,  that  the  mo- 
tion of  the  body  will  be  in  the  direction 
which  that  layer  acts.  Thus,  *■ 
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cm  the  two  sides  of  t])c  body,  if  the  upper 
lay^  acts  alone  on  each  side  at  the  same 
mie,  itvnm  bend  the  body  slightly  up- 
wards and  curve  the  tail  upwards  towards 
the  head,  a  position  which  it  cannot  ar- 
lire  at,  on  account  of  the  magnitude  of  the 
domd  dftvelopmente  of  the  Tertelme.  If  it 
act  only  on  one  side  of  this  first  .stratum, 
St  will  bend,  of  course,  the  body  slightly  to 
one  side,  still  inclining  much  upwards. 
If  the  two  vpixer  aeriet  of  muscles  act  to- 
pethor  on  one  side  only,  tlicy  will  bend 
it  with  greater  force  to  one  side,  but  still  i 
upwards  slightly.  Combining  the  motion  | 
of  all  those  strata  of  one  side  together, ' 
you  perceive  the  force  with  which  the.  pos-  , 
terior  part  of  the  whole  column  mnat 
ttnka  to  one  side.  If,  however,  those, 
mnscles  are  already  stretched  out,  by  the 
coccygeal  part  of  the  vertebral  colonin 
taingr  drawn  to  the  opposite  side»  and  the 
whole  muscles  of  one  side  act  with  one 
instantaneous  impulse,  we  can  easily  per- 
ceive the  force  and  ve  locity  with  which  the 
tail  wfll  strilce  right  badcwards  until  it 
acquires  the  straight  line ;  and  that  is  the 
chief  motion  on  which  their  progression 
depends.  It  is  not  by  pulling  the  tail  up- 
wards towards  the  head,  but  the  motion  ia 
chiefly  by  pulling  the  tail,  from  the  head, 
to  the  straight  line,  or  by  successive  parts 
of  the  column  at  once  In  that  direction^ 
that  the  impulses  are  given  to  the  water, 
and  the  body  of  the  animal  is  pushed  for- 
ivtrds  through  that  element. 

In  addition  to  the  muscles  1  have  now 
mentioned,  you  obHon  e  two  other  ttihscIcs 
which  arc  loiimtuiliua-l  in  their  direction. 
The  one  is  an  upper  longitudinal  stra%bt 
innsdc  (Mff.  136,  A),  above  the  upper 
oblique  stratum,  and  extending  along  the 
imdiatt  line  of  the  bade,  from  the  l^  to 
the  dorsal  fin.  The  other  continued  median 
fascionlns  (Fiff.  136,  ff,  /}  forms  a  longitudi- 
nal muscle,  extending  along  the  middle  of 
Iheabdoroinal  sorfaceof  the  body, in  the  po- 
sition of  the  recti  abdominis  of  tlir  nirnn- 
malia;  this  inferior  muscle,  continued 
longitudinally,  passes  from  the  pelvis  to  the 
anal  fin,  and  from  the  posterior  pari  of  the 
anal  fin  to  the  tail.  Those  straight  lonf»i- 
todinal  muscles,  acting  upon  the  median 
ftae,  tend  but  little  to  the  general  mo- 
tions of  the  trunk  of  the  body,  from  their 
position  and  their  smallness.  They  are 
mnsdes  which  act  chiefly  on  the  mc^an 
fins  and  on  the  pehris,  and  which  are  bnt 
little  required  for  progressive  motion,  and 
arefe^le.  Weperceive,  however,  that  those 
abov»  mast  hnve  some  fnffaenoe  in  giving 
a  tension  to  the  region  of  the  back,  in  | 
pressing  the  dorsal  fin,  and  in  bending  up 
the  tail  towards  the  head;  that  those  on 
Iho  lower  surfisee:  ol  the  body  must  act 


pelvis,  upon  the  soft  contents  of  the  ri!)do- 
men,  and  upon  the  organs  contained  in 
that  cavity.  But  we  observe  that  there 
are  osseous  parts  which  extend  from  ttie 
body  of  the  fish,  l>oth  from  the  upper  part 
of  the  vertebral  column,  and  from  the 
lower  part,  as  the  median  plane,  which 
have  extcnsi\e  free  motions -the  rays  of 
the  dorsal  and  anal  fins,  which  support 
and  move  their  connecting  membrane. 

Now  when  wo  examine  the  surface  of 
the  intcrspinons  bones,  yon  ]ierccive  that 
their  expanded  lateral  surtace  is  covered 
with  radiating  mnscles,  which  pass  to  iihoh 
side  of  their  middle,  diverging  downsvai  ds 
from  each  side  of  their  median  crest.  Here, 
ia  fact,  we  have  for  each  ray  that  series  oi 
oblique  muscles  which  we  see  affecting 
the  trunk  of  the  fish,  and  they  are  dis- 
posed in  such  a  way  as  to  act  wi:b  vigour 
upon  the  base  of  each  ray  of  the  fin.  Thm 
we  find,  tluit  the  fins  placed  on  the  me- 
dian plane  are  not  forced  by  one  mn«»cle  to 
bend  to  one  side  or  the  other,  huL  that 
each  ray  placed  on  the  median  plane,  has 
an  extensive  and  differently  directed  series 
of  muscular  fibres  for  its  own  indcpeaUeut 
motion.  Thns  it  is,  that  those  median 
fins  a(;t  like  helms  to  keep  the  body, 'of 
the  fi.sh  in  the  best  direction,  in  the  direc- 
tion which  the  animal  most  desires;  we 
find  that  it  can  produce  every  the  slight- 
est modification  in  the  direction  of  those 
mdders  by  this  distinct  series  of  muscles 
attached  to  the  hose  of  each  of  the  nyv- 
of  the  median  fins. 

What  I  remark  regarding  the  di«po<?i- 
tion  of  the  muscles  on  the  rays  ol  fins 
phMsed  on  the  median  plane,  almost  appUet 
to  the  rays  of  the  fins  in  every  other  situ- 
ation i  to  the  fingers  of  tlie  hand,  to  the 
toes  of  the  fee^  to  the  rays  of  the  codal 
fins ;  so  that  the  separate  rays  on  all  those 
parts  are  cajiable  of  acting  with  extensiTC 
and  free  motion. 

We  observe  that  the  arms  of  fishes,  or 
the  ]>f>ctni  nl  fins  {Fiy-  l'>7,  a,  A),  are  pro- 
vided with  distinct  and  powerful  mosclcaf. 
Tliose  mnsdes  appear  to  be  more  highly 
oi^anized  than  almost  any  other  muscles  of 
the  body,  and  are  attached  to  the  scapular 
arch  {Fiff.  137,  a).  They  are  placed  near  to 
the  heart,  near  to  the  great  foimtain  <tf  the 
vascidar  system  ;  and  they  have  generally 
a  more  red  colour  than  we  dl^rve  ia 
muscles  which  are  more  distant,  more 
perficial,  and  much  larger.  The;  are  the 
pectoral  fins  which  arc  most  exerted,  most 
extensively  moved,  in  the  body  of  tiie  fish, 
with  the  exception,  of  course,  of  the  csndal 
fin  ;  hut  the  caudal  fin  acts,  as  you  perceive, 
not  so  much  by  its  own  mascular  apparsh 
tm,  connected  with  ill  rays,  as  by  tHd 
general  impulse  given  by  the  whole  free 
peaiecter  put  of  tiM-Tcrtebral  column* 
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^"me  «rigT)t  analogy  can  be  traced  be- ' 
f'Accn  the  muscles  connected  v-hh  the 
IwBd  in  the  fishes,  and  the  flexors  and 
Txticcisora  of  the  wrist  and  hand  in  the 
^«S6  mammalia.  The  ventral  fins  {Fig> 
137)  or  legs  of  fishes  are  almost  always 
1  by  |io\yeifiil  muscles  {Fig,  137>  e,  d) 

Fig,  137 


inserted  into  the  pelvic  bones,  and  tome- 
ttnw^  extending  forwards  to  the  scapular 

^rdti.  The  arms  and  legs,  or  the  fin[»erg 
«nd  toes,  of  fishes,  act  nmch  more  uui- 
^fiNtn^t  much  mor6  in  a  mass,  than  the 
f  us  of  any  other  ])arts  of  the  body.  We 
4Ke  that  the  dorsal  hns  and  the  anal  fins 
«ct  hy  moving  the  separate  rays  indepen- 
dently of  each  other,  beading  the  anterior 
v^gn  to  one  side,  while  the  posterior  rays 
Mte  bent  to  the  opposite  side ;  but  the  pec- 
toxal  and  veutrul  fins  mostly  act  by  on^ 
impulse,  like  tlic  handti  of  the  cctacea. 

We  observe  uumerousi  muscles  of  con- 
«MeraUc  strength  destined  here  for  the 
motion  of  the  large  arched  03  hyoides 
{Fiff.  138,  l/f  c,  d,  e)f  and  which  arc  power- 
pilly  and  extensively  employed  in  the  re- 
spiration of  fishes. 
These  also  are  deve- 
loped ia  the  first  con- 
dition of  amphibia, 
while  they  breathe 
like  fishes,  by  means 
of  water  conveyed 
througli  t'le  mouth, 
and  jjropcllcd  tlu'ough 
tlie  hides  of  the  neck, 
passing  over  free  ex- 
ternal gills,  attached, 
as  here,  to  the  os  hy- 
oides.  Those  muscles 
which  affect tfiiis  pow- 
erfully the  motions  of 
the  liranehife  through 
the  medium  of  the  os 
hyoides,  undergo  re- 
markable metamor- 
phoses in  the  amphi- 
bia, but  they  remain 
permanently  develop- 
ed with  their  tadpole 
chan6t«r  in  the  clan 


of  fishes.  Fishcf,  in  fact,  not  only  be- 
gin, but  end  their  career  as  aquatic  ani- 
mals; therefore  it  is  that  we  can  anato* 
mize  the  muscular  system  of  the  minute 
tadpole,  of  the  batrachia  anonra^  with  most 
ease,  in  all  the  diflferent  parts  of  tbft 
structure,  in  the  large  tadpole-forms  of 
fishes.  But  fishes  would  be  very  imper- 
fectly organized  for  the  medium  in  which 
they  reside,  were  alltheivmotions  through 
the  (1<  ej)  dependent  upon  their  muscular 
efiorts.  We  see  that  by  this  disposition 
of  their  mnscles  they  are  heaotiftllf  pro- 
vided with  tlic  means  of  moving  in  a  ho- 
rizontal plane,  when  they  have  acquired 
the  proper  level  in  the  water.  Ve  set- 
that  their  skeleton  and  their  muscular 
system  are  but  imperfectly  developed  for 
the  motions  of  ascending  and  descending 
in  the  water,  but  have  chiefly  a  relation 
to  their  progressive  motion  on  a  horizon- 
tal plane;  thus  we  observe  their  muscular 
system  is  greatly  relieved  in  ascending 
and  descending  in  the  water,  by  the  deve- 
lopment of  the  air  bags,  the  rudiment  of 
the  human  lungs,  which  we  observe  com- 
mencing among  the  worms,  and  appear- 
ing in  the  class  of  fishes  in  the  form  of  a 
sac,  with  strong  parietes,  and  with  mus- 
cular fibres,  often  nhdivided,  sometimes 
without  aperture,  sometimes  with  ;  some- 
times with  a  ductus  pnewnaiicus,  by  which 
it  communicates  with  the  stomach  or  with 
the  oesophagus.  Thiioigan  is  for  the  most 
I)art  filled  with  a  gaseous  fluid  (not  at- 
mospheric air),  which  the  animal  secretes 
by  a  glandular  structure,  which  we  forHie 
most  jiart  can  easily  perceive,  from  its 
high  degree  of  vascularity,  and  which  is 
particularly  obvious  in  those  antmals  fa 
which  it  has  no  aperture  for  allowing  the 
cscajjc  of  the  fluid.  This  organ  contains 
sometimes  oxygen  gas,  sometimes  nitro- 
gen in  abandance ;  these  var>'ing  in  pro- 
perties, according  to  the  depths  at  which 
the  animal  resides.  Those  air-bags  serve^ 
by  their  dictation,  to  expand  the  body  of 
the  fishes,  and  to  render  it  spccifiodly 
lighter,  and  thereby  to  carrj'  them  up  to 
a  greater  height  in  the  dense  medium  in 
which  they  live,  in  which  they  derire  to 
move,  or  where  their  food  is  most  abun- 
dant. Having  arrived  at  this  position,  the 
fishes  maintun  that  eqnflibn  nm,  luain* 
tain  the  air-bag  in  that  degree  of  dilata 
tion  or  compression,  which  they  desire,  by 
a  voluntary  effort  of  the  abdominal  nras* 
cles,  compressing  the  abdomen,  and  oonh 
pressing  thereby  the  air-bag,  which  runs 
along  the  upper  part  of  the  abdomen,  im- 
mediately below  the  bodies  of  the  verte- 
bnp.  When  it  desires  to  descend  to  a 
lower  stratum  for  safety*  or  where,  per- 
haps, the  food  is  more  idmndan^  It  con- 
presies  more  powerftdlf  this  afr«bi|^ 
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tlierel»7- Tenderhis  Its  body  specifically  their  outward  form  to  scrpcui.s  that 

heavier,  and  then  descends  to  the  lo\ver  have  considered  that  the  chain  of  dcre)op« 
stratum.  Thus  you  perceive,  that  a  threat ,  luent  upwards  in  the  animnl  km£?t!c.«i>  W5« 
deal  of  the  muscular  effoits  of  t)ic  fishes '  from  the  cyclostonie  and  angtaiiiiiv/riib 
are  relieved  by  the  possession  of  this  air-  fishes  to  serpents ;  while  thro»g1i  ih^ 
bag;  that  it  can  thus  sustain  its  body  at  higher  cartilaginous  fishes,  sncb  thsh 
the  surface  of  the  water  without  any  nms-  rays  in  the  sharks*  the  dcvelopmesi  vp^ 
enlar  effort,  although  its  body*  excepting  wards  was  to  the  anourous  amphibi%  urilk 
the  contents  of  the  air-bag,  is  ^kecifically  which  these  arc  closely  connected  in  ilm 
much  heavier  t\\p,i\  the  water.  !  flevelopment  and  fnrn\  of  mar.y  ©f  t^iei2^ 

But  many  fishes  lie  at  the  bottom  of  the  internal  pai  t^,  particularly  thor  organs  t>i' 
water*  having  no  air-bag.   Those  fishes, !  generation*  a^  their  circtdating  and  it^ 
such  as  the  rays,  l.ving  at  the  bottom  of  |  spiraftory  systems, 
the  water  upon  their  bellies*  and  having  ^  i.  i.  '   .t.  - 

no  air-bag  ti  buoy  them  up  to  the  siirfac^  I    ^    '  ^^^^^  "^!'^^. 
or  to  some  intei'mcdiate  stratum  in  the      '  '^  forms,  and  ux  then-  In  .ng  R)otlm^^ 

water,  for  the  most   part  have  their 


and  babitd,  that  \  ou  would  uaturaiiv  cx-» 
haTidi  ar  yorseTu;  t&  rav.^,  ciioT-  i  f    to  find  consideiable  diversity  i^  tU 
mottsly  developed,  that  they  may  act  with 
a  powerful  in)puUc  tijmn  the  water,  and 


form  and  dcvclnptntnt  of  their  Inllscu3al^ 
apparatus.    We  ^ce  some  fi&hcs  with  but 


strike  it  downwards,  so  as  to  carr^  the !  ""Perfectly  developed  extremities 

of  proRrMsion  B^essive  motion,  yet  earned  with  gs.cat 


body  upwards,  a  direction  ot  progr 
In  these  species  the  reverse  of  that  in 
whidi  the  ordinary  fishes  are  destined  to 
move,  in  the  cod-fish  dissected  before 
yon,  you  observe  the  muscles  for  progres- 
sive motion  disposed  upon  the  side  of  the 
body }  in  the  ray  the  muscular  apparatus 
is  developed  in  such  a  way  above  and  be* 
low*  as  not  to  move  the  body  in  the  usual 
way,  from  side  to  side,  but  to  move  it  from 
below  upwards,  or  from  above  downwards. 
The  whole  lateral  parts  of  the  body  in 
that  animal  are  occupied  by  the  two  hands 
and  their  muscles,  extending  from  the  fore 
part  of  the  face  backwards  to  tlie  anus, 
thus  passing  ix>und  tlic  whole  sides  of  the 
trunk.  The  part  of  the  body  in  these  rnys 
which  is  infiected  laterally,  as  in  ordinary 
flshesyis  almost  a  cj'lindrical  portion*  long 
and  small,  e.xten  liii ;  fvnm  thv  p.nus'back- 
wards*  giving  thus  but  a  feeble  impulse  to 
the  trunk  1^  its  mms.  8ome  fishes, 
however*  are  in  a  prodieament  very  differ- 
ent even  from  these  rays,  for  some  are 
destitute  both  of  pectoral  and  of  ventral 
flns,  and  are  destitute  of  air-bags;  that  is 
the  rase  with  these  worm-like  lampreys. 
Fishes  of  this  kind  you  will  find,  in  their 
living  habits,  to  reside  habitually  at  the 
bottom  of  the  water,  often  in  mud,  or  lying 
in  other  loose  materials  at  the  bottom  of 
the  sea.  These  present*  in  fact,  the 
simplest  fbrm  of  fishes— the  eyciostoma- 
tous  fishes,  such  as  you  observe  both  in 
these  marine  and  in  these  fresh-water 
lampreys.  These  have  their  body  like  a 
serpent,  qrlindrical  in  its  form,  with  often 
a  fin  of  considerable  length,  extending 
along  the  posterior  part  of  the  body  upon 
the  median  plane.  Those  cylindrical 
cyclostn-natous  finhes,  with  their  organs  of 
motion  thus  imperfectly  developed  from 
the  surface  of  the  trunk*  and  the  eels,  a 
degree  nbovt  tlieiiH  approach  m  much  in 


velocity  through  the  sea,  although  not  by 
tiicir  own  muscular  efforts.  Thu  we  see^ 
in  the  heavy  remora.  We  have  here  art 
oval  muscular  apparatus,  developed  .'(.t  thi> 
upper  and  back  part  of  the  heaid*  e:it«ud.^ 
iug  over  a  x)art  of  the  baek  of  the  animalj^ 
in  the  form  of  a  sucker.  This  sucker  tb.o 
animal  fives  to  the  surface  of  bodies  tluit. 
are  moving  through  the  sea,  to  tine  suriacc^ 
of  the  large  cetaceous  animals,,  to  the  soc<> 
face  of  boats  or  ships,  or  to  rocks  when  tlio, 
streams  tlnough  the  dcey.  ai*e  ru;>liixvg  wkK 
velocity,  by  which  they  arecaiiicdthnm^ 
the  water,  so  that  you  perceive  they  bMre 
the  advantage,  without  moving  their  owtvj 
muscles  or  sniaU  members,  oi  thus  passii^p 
rapidly  through  an  extensive  portion  cC 
the  deep,  whether  to  obtain  food,  toacmto. 
their  branchiae,  or  to  escape  from  an  in-> 
convenient  )>osition  in  the  sea.  TIUsstrucK 
ture  we  find  rc])eated  in  variooa  other 
fishes.  We  sec  it  in  the  common  benvr 
lump-sucker,  the  cyctopienis  luit^titoionv: 
own  coast ;  but  in  that  animsItiMi  museu?-. 
lar  disk  or  sucker  is  found  very  differently 
situated  j  it  is  placed,  you  perceive*  oa  tkes 
anterior  or  ventral  surface  of  the  trunk*, 
and  on  the  back*  as  in  thia  animal  tihcr. 
remora. 

V^'c  observe  some  of  those  fishc»s>  r-^-  i'hf. 
chtctodous,  considerably  compresscil  m  itjty- 
formof  their  bodies,  pravided  with  hi«g»> 
air-bags,  organized  in  every  way  foi-  qnick 
and  powerful  motions  througli  the  sea,.  tsiA> 
wdth  the  means  of  buoying  themselWs  to. 
the  surface  of  the  water,  and  of  maintalB«v. 
ing  that  poBition  v;ith  ease.  Some  of  t!s««e. 
fishes  actually  iced  on  the  flying  insects^ 
of  the  air,  and  possess  great  power  aotdb 
dexterity  in  bringing  down  flics  fcH*  tlM«r 
prey.  Some  feed  upon  the  insects  dKik. 
fall  into  the  water,  or  which  they  haTet)M^. 
dexterity  to  hiing  down  from,  tba  aisik 
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Some  are  aeen  under  the  branches  of 
bushes  on  the  sides  of  waters,  throwing  a 
drop  of  wftter  from  the  mouth,  with  great 
precision,  and  in  such  direction  that  it  will 
pass  above  the  insect,  iall  down  upon  it, 
and  thus  bring  Ik  down  from  the  leaf  of 
the  branch  into  the  water,  or  into  the 
mouth  of  the  fish. 

By  keeping  the  posterior  part  of  the 
trunk  in  a  more  fixed  condition  than  the 
anterior,  many  fishes  can  move  their  head 
laterally  with  great  velo^hr,  and  wield 
their  offensive  weapons  witn  mvch  ferce^ 
as  wc  see  in  the  sword-fish,  and  in  the 
large  saw-fish.  Many  fishes  can  move 
detached  rays  of  their  fins  with  great  force, 
as  we  see  in  the  silunu  and  the  boHttet; 
and  as  we  see  in  the  free  anterior  long  dor- 
sal spines  of  the  angler-fish,  by  which  it 
allures  its  prey.  You  o1>senre  the  great 
magnitude  of  the  hands  or  i)cctoral  fins  of 
that  fish,  as  in  the  rays,  from  its  lying 
concealed  at  the  bottom  of  the  water,  with- 
out any  air>bag  to  assist  in  their  ascend- 
ing movements.  In  the  flying  fishes  the 
flexor  muscles  of  their  long  expanded  pec- 
toral lins  or  hands  are  very  poweiful,  to 
support  them  in  flying  through  the  air,  to 
escape  their  pursuers  in  the  deep;  and 
they  are  powerful  in  the  great  arms  of  the 
Indian  peg  anus.  But  the  mnscles  chiefly 
developed  in  fishes  arc  the  mnacles  of  the 
trunk,  which  are  analogous  to  those  on  the 
rides  of  the  vertebral  column  in  mam- 
malia. 

The  motions  of  tadpoles  and  of  pcrenni- 1 
branchiate  amphibia  through  tlie  water,  j 
are  similar  to  those  of  fishes  through  that  | 
clement,  and  they  are  effected  by  the  same 
means.  But  when  the  amphibia  change 
the  liquid  for  the  aerial  medium,  the  mus- 
CUlardevelop!nent  of  the  trunk  is  c  lumgcd 
for  that  of  the  limbs.  Now,  in  all  these 
amphibious  animals  we  observe  the  dispo- 
sition of  the  muscular  system  at  the  earlier 
period  of  their  lives  to  be  remarkably 
nmilar  to  that  of  the  fishes.  As  in  the 
fishes,  you  oliserve  a  lateral  line  in  this 
large  tadpole  of  rana  paradoxa,  and  that 
from  this  lateral  line  there  diverges  a  zig- 
zag line  of  muscular  strata,  extending 
along  the  sides  of  the  whole  of  this  long 
coccygeal  region.  You  observe  a  similar 
transverse  arrangement  of  muscular  fas- 
dculi  on  the  back  part  of  the  crested 
triton,  iriton  cristattts  {Fiff.  131)},  and  ex- 
tending obliquely  over  the  abdominal  sur- 
face of  the  trunk  {Fig.  140).  These  are  ob- 
vtoasly  disposed,  as  in  the  fishes,  for  the 
purpose  of  moving  the  coccygeal  vertcbi-ae, 
and  the  whole  posterior  part  of  the  body, 
from  side  to  side.  They  are  attached  by 
thrir tendinous  aponeuroses  to  the  inner 
Burface  of  the  akin,  producing  those  trans - 
venie  iudeutaliooii  which  mark  the  limits 


of  the  different  strata.  We  observe  thst 
the  upper  and  lower  margin  of  this  psrt 

of  the  liody  terminates,  in  the  tadpoles,  in 
a  thin  membranous  part,  like  a  continuoui 
dorsal  and  anal  fin ;  these  contimdog 
around  the  tail,  form  the  whole  posterior 
part  of  the  body  precisely  like  that  of  a 
fish,  with  the  aorta  and  vena  cava  con- 
tinued in  the  same  manner,  parallel  alMg 
the  tail. 

The  transverse  and  perpendicular  dis- 
position of  these  lateral  layers  of  rausdss 
is  such,  then,  as,  by  their  action  on  the  ver- 
tebral column,  to  push  the  tadpole  for- 
ward in  the  same  horizontal  plane.  They 
are  not  directed  in  such  a  way  as  to  move 
the  animal  upwards  and  downwards  as  if 
it  breathed  air.  If  those  were  its  motions, 
the  tail  would  be  directed  horizontallyi  »« 
inoetaoea;  but  here  it  is  directed  as  in 
fishes,  perpendicularly  downwards.  Thst 
condition  of  the  muscular  system  is  in- 
timatdy  connected,  therefore,  with  ttsv 
aquatic  respiration,  as  it  is  in  fishes.  They 
have  this  disposition  while  they  breathe 
by  means  of  gills,  and  they  lose  this  con- 
dition of  the  muscular  system,  and  tbu 
fish -like  termination  of  the  body, 
they  come  to  respire  atmospheric  air  by 
means  of  thdr  developed  ceUnlar  air-ssei* 
At  an  eariy  period  the  os  hyoides  has  nu* 
merous  powerful  muscles,  and  is  seen  to 
be  moved  by  the  young  tadpole,  as  in  »• 
fish  in  the  act  of  respiration.  The  aper- 
tures are  small  in  the  side  of  the  neck  in 
these  batrachian  animals  or  amphibim^ 
as  the  gills  project  from  the  neek,  tMf' 
have  not  the  adx'antagc  in  progressijj© 
motion  which  we  observe  derived  fropoms' 
act  of  respiration  .in  fishes;  for 
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hy  the  act  of  resplntion,  moving^  Ihew 

branchial  laminrt;  and  the  brancliial  arches 
backwards,  and  striking  forcibly  back- 
vards  with  their  large  flat  operculum  on 
wchiide^  impel  their  body  forwards  in  the 
same  way  as  >ty  the  caudal  fin  itself;  and 
thoic  large  osstuous  organs,  especially  on 
the  tide  of  the  necic  io  the  fishei,  tnote 
opercula,  often  serve  materially  by  their 
motion  backwar(k  to  impel  the  fishes 
forward. 

In  ampliibiona  animals  which  un- 
dergo metamorphosis,  we  observe  that 
those  transverse  stata  of  muscles,  which 
4)ccup3r  10  extensively  the  povterior  part  of 

the  body  in  their  embryo  state,  are  gra- 
dually absorbed  with  the  bones  themselves, 
and  disappear ;  that  the  tail  thus  becomes 
gndually  diminished  to  the  form  which  it 
pmenta  in  the  lanrl  salamander,  hecom- 
more  rounded  and  short,  before  it  is 
entirely  abtorhed  and  oarried  away.  The 
coccygeal  region  of  the  salamander,  then, 
that  long-tailed  land  amphibious  animal, 
presents  you  with  an  intermediate  stage 
d  this  part,  betwixt  that  of  the  tadpole 
or  that  which  we"^  see  in  the  fresh-water 
tritons,  and  the  total  disappearance  of  that 
orgpan  in  the  higher  batrachi«.  Thoee 
whic  h  undergo  the  most  complete  meta- 
morpUoaU,  such  as  the  Irogs  (JFV*  141  J, 


by  losing  entirely  the  posterior  part  of 
their  body,  move  still  through  the  water, 
with  gjeat  facility,  by  the  great  '.develop- 
ment of  their  posterior  extremities,  which 
im  obsanre  generally  tn  be  mmdh  larger 
than  the  anterior  extremities,  and  to  have 
webs  extending  between  the  toes.  You 
oliservc  its  peeiorali*  nu^of  {Fig.  141,  e) 
dividad  into  Miiwal  baaito^the  rttim  §^ 


dMajs  (Piff.  141,  m)  divided  hy  trani. 

verse  tendinous  intersections,  and  the 
traruversalis  {Fig.  141, 7/t)  in  its  usual  po- 
sition covered  by  the  oft/t^iftf*  tfewaadmr 
{Fiy.  141,  o).  But  the  toads  have  shorter 
feet  for  their  land  life.  Some  of  those 
amphibious  animals  never  metamorphose, 
and  never  arrive  at  this  anonrona  oqa* 
dition,  but  retain  all  those  transverse 
layers  of  muscles  along  the  sides  of  the 
coccygeal  vertebra,  through  the  whole  of 
life,  as  we  see  in  the  nmekranchut,  the 
atnpltinma,  and  in  this  large  axolott  from 
the  lakes  of  Mexico,  where  it  is  so  abun- 
dant as  to  be  need  for  food.  In  thia  p»* 
rennibranchiatc  animal  you  see  a  gigantic 
tadpole  that  never  metamorphoses,  that 
retains  permanently  all  this  muscular  ap« 
paratus  on  the  posterior  part  of  the  trunk 
for  motion  through  the  water,  and  all  the 
muscular  apparatus  of  the  os  hyoides  for 
the  motions  of  those  branchial  afvhee  to 
which  you  perceive  the  large  gills  are  still 
attached.  This  is  the  form  of  the  re- 
spiratory apparatus  of  all  the  batrachia 
that  do  not  undergo  a  complete  meta- 
morphosis. This  you  see  in  the  external 
gills  of  theproteus,  from  the  subterranean 
lakea  of  Camiola ;  again  in  the  syrm,  from 
the  rivers  and  lakes  of  America,  the  same 
as  you  sec  in  the  axolotl  of  Mexico.  But 
in  those  which  undergo  a  complete  meta* 
morphosU,  and  become  equally  adapted 
to  move  on  the  land  or  in  the  water,  wc 
observe  a  disposition  of  the  muscular  sys- 
tem on  the  posterior  part  of  the  body 
which  causes  the  posterior  extremities  to 
resemble  considerably  in  their  proportions 
and  develoi>mcnt  those  of  the  hnman 
body.  Ton  dnerve  in  the  dissected  frog 
before  you  (Fif/.  Ml),  that  the  thighs  and 
the  caifs,  as  in  the  human  body,  are 
strong  and  muscular.  You  observe  that 
the  disposition  of  all  the  extensor 
muscles  of  the  thigh,  the  leg,  and  tlie 
foot,  here  is  very  much  like  that  of  the 
corresponding  extensor  musclea  cover* 
ing  the  human  legs.  You  observe  also, 
that  the  same  sets  of  muscles  are  here 
developed  which  are  most  powerful  in 
the  human  posterior  extremities;  the 
gltitei  muscles  which  extend  the  femur, 
the  vasH  muscles,  and  the  recti  {Fig. 
141,  py  in  firont;  and  even  the  carfo- 
rius  [Fig.  I  ll,  q)  here  crosses  as  in  the 
human  legs.  But  you  will  observe,  as 
in  the  lower  part  of  the  leg  itself  in  tlw 
frog,  what  is  unusual  even  in  the  higher 
forms  of  vertehrated  animals;  the  calfs  are 
large,  prominent,  and  muscular.  This 
is  oMonaly  from  the  devdopment  of 
the  usual  extensor  muscles  of  the  heel 
joint,  the  gastrocnemei  {Fig.  141,  a),  and 
the  long  flexors  of  the  toes.  The  axImiaDKi 
are  here  more  devetoped  thn  the  flezonb 


Digitized  by  Google 


bahon  dupuytren  on  false  aneurysms 


because  of  the  motions  of  tlic  frogs  in 
•wimming  through  the  water  and  leaping 
on  the  land  ;  swimming  hy  incaus  of  the 
legs,  not  by  means  of  the  arms,  nor  by 
metas  of  a  tail.  This  is  the  reason  w  hy 
we  find  this  similarity  in  the  (Icvelopraent 
of  the  muscles  of  their  legs,  to  those  we 
observe  more  especially  developed  in  man; 
xnore  in  man  than  in  tho  other  mammalia, 
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because  man  requires  so  constantly  to  Hr^iK-a  ;brr..r<r  fra..,)atioio  by      n  .ron  him».irin  ihr 


iiave  the  extensor  muscles  of  the  hip 
joint,  the  Icnec  joint,  and  the  heel,  in  ac> 

tion,  in  order  to  keep  his  vert cliral  c-oliKnn, 
Hud  the  whole  trunk,  raised  perpendicu- 
larly upon  the  posterior  c.xtrouiitifes.  In 
xoan  there  is  thus,  obviously,  a  great  weight 
pressing  down  constantly  upon  those 
joints,  tending  to  force  them  into  a  state  of 
flcntion,  and  if  he  were  not  provided  with 
this  powerful  development  of  these  cxtrn- 


fa«riciili  of  bit  '*  LfcoM  0r»le«  de  Cliniijuc  Cbirxr- 
tierie,'*  pttblM*^  pcriodimllr  ky  6.  BbUUc*** 

ON  FAI*"«E  ANEURYSMS  OF  THE 
BRACHIAL  ARTERY. 


It  seems  to  he  an  opinion.  Gentlemen, 

entertained  hy  many  [)rac:titioncrs,  that 
venciici'tion  is  too  simple  an  operation  to 
merit  any  peculiar  attention ;  and  this 
view  results  from  the  kind  of  contempt 


sors  of  the  legs,  he  would  he  foreed  to  as-  j  ^vith  which  the  tnii.istering  part  of  surfer)' 


sume  the  semi-erect  position  of  quadru- 
mana,  or  have  to  fall  down  upon  his  fore 
extremities  like  the  lower  mnmmalia. 
Hence  the  resemblance  in  the  muscles  of 
the  legs  in  these  two  beings,  so  remote 
from  each  other  in  tiic  scale  of  animals, 
and  so  dissimilar  in  their  geneml  fonn, 


is  treated.  Such  is  the  cause  of  the  uu- 
merous  accidents  we  have  witnessed  with* 

in  the  last  twelve  or  fifteen  years.  Our 
hospitils  are  filled  with  pupils,  who  n(^» 
lect  to  bleed  when  an  opportunity  is  offer- 
ed, and  these  are  followed  hy  a  stUl  greater 

nuni!)er  of  youngs  men  who  become  ex* 


their  kind  of  movements,  and  their  whole  1  tcmes,  without  ever  having  seen  the  ope 
living  habits.  ration  practised.  How  often  do  we  see, 

The  tntisdes  of  the  arms  are  al«?o  strong-  both  in  the  wards  of  an  hospital,  and  even 
Jy  developed  in  the  frogs  and  toads,  for  in  private  practice,  the  •■ki!,  j)erfonite«l  by 
swimming,  leaping,  and  climbing;  and  five  or  j^ix  incisions,  withouL  the  vein  being 
(he  ends  of  the  nugcri  and  toes  arc  sin-  opened!  and  it  is  to  this  awkwardness  that 
gularly  eniarKcd  inthtMunnerono  climhinj  wc  should  attrlhute  the  phlcstnonotis  iic 
hylVy  to  assist  their  asceuding  the  trees,  flammalions  which  so  frequently  super- 
Jrom  which  they  are  often  seen  hanging  vene  in  cases  of  this  kind,  the  great  nuni- 
down  by  their  hind  feet,  intently  watch-  ber  of  phlebites  which  have  become  com- 
iag  the  approach  of  their  prey  in  the  mon  since  that  period,  nlthcmgh  the  disease 
Jwfook  beneath  the  overhanging  branches.  ■  ^va3  formerly  comparati\  ely  rare.  Neg- 
Thc  oxtrcnnties  are  ^short  and  muscular  Icft  of  cleanliness,  and  the  bad  condition 
in  the  land  salamanders,  which  have  no  |  of  the  instrument,  are  often  an  additional 
other  organs  of  sui)port  or  progression,  cause  of  these  Uaugerous  results  \  fiaally, 


hut  the\  are  generally  niDie  slender  in  the 
tailed  amphibia,  as  the  triton  {Fig.  Kiy, 
140),  w  hich  use  tliat  organ  in  the  water. 
The  mnscles  of  the  trunk  which  support 
and  compre  ss  the  ahdominal  viscera  in 
these  ribless  animals,  are  powerful,  as  in 
lishes,  both  in  the  land  and  in  the  aquatic 
species,  as  yon  see  in  the  Irogs  and  the 
tritous. 

Thus  we  see,  that  in  the  fishes  and  the 
nqoatic  amphibia,  the  mnscles  of  the  ver- 
tebral colunm,  or  of  the  trunk,  arc  almost 
alone  developed  or  requircfl,  hut  that  hy 


to  a  disregard  of  these  first  principles,  «e 

are  to  attribute  the  formation  of  those 
dilTused  or  circnmserilied  arterio  vcnoiw 
aneurysms,  to  which  wc  have  often  di- 
rected your  attention.  Yon  have  already 
seen  two  individuals  operated  npnn  and 
cured  of  similar  aneurysms,  aud  wc  shall, 
no  doub^  have  an  opportunity  of  shovnq; 
yon  additional  cases  in  the  course  of  th* 
year.  1  can  safely  affirm,  that  for  the  last 
six  years  not  one  has  passed  by  without 
my  being  consulted  at  least  twice  for  acci- 
I  dents  of  thi-'  kiiifl.  and  if  we  suppose  the 


changing  their  residence  from  the  dense  same  proportion  of  eases  in  the  practice 
etenent  of  water  to  the  attenuated  air,  ofotber  surgeons,  you  may  form  an  id» 
the  museies  of  the  extremities  and  the  of  their  frequencr*  V   


whole  organs  of  support  assume  a  strength 
and  dev«dopment  proportioned  to  the  rare- 
ty  rf  the  new  medium  through  which  the 
trunk  has  to  be  carried. 


frequency.  However,  this  acci- 
dent mny  be  prevented  hy  very  simpw 
precautionary  uieans.    You  should  lay 
down  for  yourselves  as  a  principle— 
That  the  operation  should  not  be  per- 
formed before  the  pulsations  of  the 
are  felt.  2nd.  That  the  vein  which  v» 
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USCTURB  XXXIV. 

ON  THE  MUSCULAR  SYSTEM  OF  HBP- 
TILES  AND  BIRDS. 

By  respiring  a  purer  element,  and  by 
possessing  organs  more  extensive  and 
complicated  for  the  aeration  of  tlieir 
bloodt  the  air-brealhlng  vertebrata  have 

their  muscular  system  increased  in  energy 


cre^  to  climb,  to  swim,  to  leap,  to  seize, 
and  to  dMtroy  their  prey.   We  have  seen 
the  secure  and  moveable  articulations  of 
their  vertebrse*  and  the  great  mobility  of 
their  ribs,  onwhicb  their  locomotion  prhi* 
cipally   depends.     Notwithstanding  tlie 
projection  of  the  spinous  processes  from 
the  middle  of  the  back  in  the  skeletoii» 
yon  observe  the  cylindrical  and  smooth 
form  of  the  entire  trunk,  from  the  mag- 
nitude of  the  muscles  of  the  spine  which 
occupy  the  two  sides  of  these  processes 
along  the  whole  region  of  the  back.  The 
muitifidus  spmesy  with  its  numerous  shining 
tendons,  especially  contributes  to  fill  up 
this  groove  on  each  side  of  the  spine,  and 
to  bend  the  column  forcibly  to  either  side. 
We  observe,  also,  in  the  same  lateral 
spaces,  the  numerotts  strong  tendons^  and 
the  muscular  fasciculi,  of  the  ifpinales  and 
the  semispinalet  dorgi,  which  exert  a  simi- 
lar action  on  the  vertebral  odnmn.  Short 
as  we  observe  the  cQstance  from  one  broad 
spinous  process  to  another,  and  between 
the  short  transverse  processes  which  sup- 
port the  ribs,  tiiose  parts  are  moved  se« 
parately  by  strong  interspinaleg  and  intn-- 
tramversaies  muscles.   The  creeping  mo< 
tiona  of  serpents,  however,  are  chiefly 
effected  by  the  ribs ;  and  the  intercostu 
muscles  disposed  on  the  exterior  and  the 
interior  of  the  ribb,  are  those  which  are 


and  strength  beyond  what  we  have  seen 

in  the  fishes  axui  amphibia,  organized  for  the  most  vigorous  of  the  mnsdee  of  the 
the  most  part  to  glide  softly  by  the  mo-  trunk  in  serpent?.  It  is  in  consequence  of 
tions  of  their  vertebral  column,  tb  rough  i  the  great  development  and  the  use  of  those 


an  element  of  the  same  specific  gra\  ity  as 
tiiemselves*  "From  the  thinness  of  the 
medium  through  \^hich  the  reptiles,  the 
birds,  and  the  mammalia,  caxry  their  large 
trunks,  they  require  this  increased  muscu- 
lar strength,  and  their  bones  require  an 
increased  soli'lity  ]>roportioned  to  the  force 
of  the  muscles  whicii  are  to  act  upon 
them.  In  the  lowest  of  the  reptiles,  the 
serpents,  we  have  seen  that  tbe  trunk  of 
the  bod^  only  is  developed,  and  the  mus- 
cles which  here  serve  for  progressive  mo- 
tion, are  those  which  act  on  the  moveable 
elenipnts  of  the  vertebra?,  and  those 
which  inuve  the  vertebrse  on  each  oihei . 


muscles  to  the  serpents,  that  they  cannot 
possess  a  sternum  to  fix  their  ribs  on  tho 
anterior  part  of  tbeir  body,  but  must  have 
the  whole  of  the  anterior  cartilaginous 
parts  of  their  ribs  free  from  all  impedi- 
ment to  their  extensive  motions.  These 
muscles  partly  represent  the  ordinary 
oblique  and  transverse  nrasdes  of  tlie 
abdomen  in  higher  animals,  and  are  here 
divided  by  the  ribs  on  the  sides  of  the 
trunk,  as  you  observe  the  recti  muscles  of 
the  abdomen  divided  in  front  by  tbe  car- 
tilaginous cvtremitii  s  of  the  ribs,  like  the 
tendinous  intersections  of  the  recti  abdo- 
minis in  man.  We  And  them,  some  pass- 


By  this  simple  muscuhur  apparatus,  and  !  ing  directly  from  rib  to  rib,  others  passing 
without  arms  or  iegs,  tbey  are  enabled  to  j  over  one  or  more  of  these  bones  which  are 

No,  663.  2  D 


Digitized  by  Google 


402 


FR0FBS80R  GRANT  ON  TH£ 


the  legs  of  the  8ci*pents  to  take  a  more 

distant  insertion.  They  arc  especially 
powerful  ou  the  anterior  portion  of  the 
tnmk,  where  they  aMbt  also  in  respiration 
by  compressing  the  respiratory. sacs.  Their 
various  single  and  corahhied  actions  move 
the  ribs  in  every  direction  which  the  arti- 
culations will  admit  of.  The  effect  which 
their  motions  have  on  the  exterior  of  the 
hpdyf.is  to  move  not  only  the  whole  akin 

Sd  .  die  scales  covering  the  skin,,  but  to 
ect  more  especially  the  large  inferior 
scuta,  those  broad,  transverse,  homy,  im- 
bricated bands  that  cover  the  abdominal 
inirikce  of  the  tronk.  Thus,  by  erecting 
these  anterior  scuta,  by  fibres  extending 
from  the  ctfrtlli^s  of  the  ribs,  and  ob- 
teiiiinj;  iHas  h  firm  piirchaie  against  the 
toiigh  6t  '^iid  'dtirfkce  on  which  the  body 
rests,  we  obscr\'e  that  the  posterior  part  of 
the  trunk  can  be  drawn  upwards  or  for- 
^rds  towards  the  fixed  point,  towards  the 
anterior  plirt  of  the  body,  and  this  can 
be  perforiii'ed  With  several  parts  of  the 
iHH&  kt  .  ilie  flkinb  /time.  By  riirsing 
these  scuta  by  means  of  the  muscu- 
lar fibres  oh  the  anterior  part  of  the  ribs, 
they  can  often  obtain  a  purchase  from  the 
totlftlicist ,  pbjecby  liHd  pass,  for  iiistence, 
oyer  a  cord,  or  a  wire,  placed  at  a  consi- 
derable height  from  the  ^ound,  creep 
over  the  surface,  and  descend  on  the  op- 
posite side,  althotigh  we  iniglit  imagine 
that  the  smooth  cylindriciil  body  of  ser- 
pents possessed  but  imperfect  means  of 
hOldlQgby  so  fine  an  ol^ect  as  a  wire.  By 
toe  same  means  they  clirhb  on  trees, 
fiitrinibg  their  body  roiind  the  stem  or 
b^^ch^..  We  cftn  easily  feel  the  Vhb- 
tibhs  of  tlie^  tlirge  sctita,  or  broad  ab- 
(loiiynal  scale*!,  by  allowing  the  animals 
ib  crepp  over  tlic  surface  of  the  hand,  and 
ve  OMi  dee  l!Ut{netly  thdr  ribs  in  active 

tiff. 


motion  whOe  they  creep  along.  These  In* 

tercostal  muscles  of  the  serpents  pass  for- 
wai'ds  along  the  sides  of  the  trunk  as  far 
as  the  crauium,  for  there  are  here  no  true 
cervical  vertebrae  destitute  of  ribs.  The 
ribs  extend  to  the  atlas,  and  the  whole  of 
the  vertebrae  therefore  are  in  a  condition 
of  dorsal,  from  the  head  down  to  the  aniu. 
We  observe,  that  on  tbc  anterior  part  of 
th£  trunk,  next  to  the  head,  those  muscles 
act  generally  with  more  vigour  npon  the 
ribs,  and  often  cause  them  to  extend  late- 
rally, to  dilate  the  neck,  and  to  assist  in 
maintaining  that  inflated  condition  of 
those  parts,  which  we  see  assumed  by  the 
spectacle- snake  in  India,  when  irritated 
and  preparing  to  bite.  The  interrupted 
recti  mttsdes  of  the  abdotnea  are  inq^nt- 
ant  organs  in  the  serpents,  from  their  ac- 
tion on  the  free  extremities  of  the  ribs, 
from  their  bending  the  trunk  ^rwarda^ 
and  comtiressiug  the  abdominal  Caviff 
'  and  its  contained  viscera.  Tlie  cloaca 
has  also  its  distinct  muscles  for  opening 
and  cloifaifc  OMt  cavity,  and  ifie  ndi- 
mentary  feet  and  pelvic  arch  we  some- 
times find  developed  from  its  sides.  We 
observe  also  the  scapular  arch,  which  is 
developed  ih  the  most  perfect  6(  tlie 
ophidian  reptiles,  to  be  already  prorided 
with  muscles,  though  not  yet  destined  to 
support  antenbr,  extremitfa.  ... 

From  the  divided  condition  of  the  bones 
of  the  head,  and  the  extent  of  motion 
they  admit  of  in  serpeiits,  we  observe 
the  ordinary  muscles  to  ictmrist  of  more 
lcnji;thcned  fasciculi,  and  even  subdivided 
into  distinct  bands.  t\^e  j^ee  especially 
the  divided  condition  ^  *^e  temporal 
arid  the  pteiTgoid  muscles,  so  ImportaTit 
in  the  motions  of  the  lower  jaw.  In  the 
1  poisonous  serjienta,  as  in  the  rattle-snake 
I  {Flff,  142),  there  li  h  dMnct  triatnm 

142 


poKidn  of  the  buccinator  muscle  passing 
over  the  large  poison  gland,  and  serving 


to  force  the  poison  into  the  duct  and  the 
fang  when  the  wound  is  inflicted  j  the 
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mRsseter  tnuffclcs  mT  niso  powerful  in 
these  animals,  and  all  the  muscles  serv- 
ing for  the  elevation  and  the  dcpmsion 

of  the  lower  jaw,  to  seize  or  to  embrace 
their  large  undivided  prey,  which  they 
must  swallow  entire. 


those  crocodilida  is  broad  and  rounded, 
and  it  presents  both  transverse  and 
spinous  processes  for  the  attachment 

of  the  powerful  muscles  of  the  tail, 
so  that  it  is  capable  of  exerting  great 
force  in   every  diiection,  though  most 


The  possession  of  mnterfor  and  posterior ;  powerfully  from  side  to  side.  Bat  it  is 
extreraitiesi,  for  progressive  motion,  by  the  i  obvious  from  the  hard  scak  s  presenting 
saurian  reptiles,  adds  greatly  to  their  mus-  j  this  carinatcd  appearance,  like  a  perpeu- 
cnlar  devdopment,  and  to  the  exteift  and  dicnlBX'  dorsal  fin  along  the  body,  along 


variety  of  their  locomotive  powers,  whe 
thcr  exercised  on  the  land,  or  in  the  water, 
or  in  the  atmosphere.  The  saurian  rep- 
tiles employ  their  extremities  in  very  dif- 
ferent ways  in  these  varions  situations, 
and  thus  require  a  considerable  diversity 
in  the  ontWard  iionns,  and  the  nnscular 
disposition  of  those  members.  We  ob- 
serve that  this  difference  of  employment 
in  the  ej^tremities  is  also  accompanied 
with  im|M>itant  dllferoices  in  their  gene- 
ral structure.  Thus  we  see  in  many  of 
the  lizard  tribes  organized  to  climb  on  the 
brandies  of  trees,  that  the  hands  and  feet 
are  long,  flexible,  and  slender,  and  the  tail 
also  lengthened  and  slender,  as  in  the 
monito/'Sf  and  long,  like  a  whip,  as  in  the 
iffuana,  and  in  many  of  those  reptiles  which 
we  find  to  climb  for  their  food,  whether 
of  an  animal  or  vegetable  nature,  upon 
trees.  Others  again,  as  the  alligators,  the 
gavials,  and  the  crocodiles,  have  the  tail 
strong,  muscular,  and  coni])ressed,  the 
feet  webbed,  ami  ail  the  disposition  of 
parts  adapted  for  a  lemUaquatic  life.  We 
sec  in  these  ati'nitic  sauria,  as  wc  saw 
in  those  amphibious  animals  which  per- 
manently retain  the  gills,  and  in  tbose 
whicli  lose  the  gills  in  the  larva  state,  that 
the  coccygeal  region  of  the  trunk  is  the 
principal  organ  of  progressive  motion,  and 
IS  provided  with  lateral  muscles  of  great 
size  and  force  disposed  in  parallel  strata. 
We  see  that  in  these  existing  aquatic  sau- 
rians,  and  the  same  itnictnre  has  ejtisted 
in  those  numerous  extinct  saurian  aquatic 
animals  whose  remains  abound  in  our 
ancient  secondary  lias  formation. 

Now,  for  the  motions  of  swimming,  we 
observe  in  these  crocodilida  that  the  ac- 
tion of  the  compressed  perpendicular  tail 
must  be  from  one  side  to  the  other,  and 
not  from  above  downwards,  or  from  below 
npwards,  a  motion  of  the  tail  resembling 
that  of  iishcs,  and  not  that  of  cetacca.  We 
tee  that  the  tail  of  these  crocodilian  animals 
presents  a  character  intermediate  between 
that  of  the  fishes,  which  is  directed  per- 
pendicularly, and  is  wholly  organiEed  for 
a  motion  forwards  in  a  horizontal  ])lane, 
and  that  of  the  cctacea,  where  the  dcve- 


thc  tail  of  these  crocodilida,  and  fi  om  th( 
compressed  form  of  the  coccygeal  region, 
that  their  motions  in  the  water  are  effected 
by  the  serpentine  movements  of  this  vet* 
tical  organ.   This  Implies  motion  upon  a 
horizontal  plane,  and  the  vertical  motions 
are  aided  by  the  webbed  Ibet.  The  lleti- 
bility  of  the  tail,  however,  and  its  great 
muscubir  fnifc  and  thickness,  and  the 
muscular  strength  and  webs  of  the  arms 
and  legs  in  these  animals,  furnish  them 
with  the  means  of  8\\imminc:  horizontally 
through  the  water,  of  rising  upwards  and 
downwards,  of  walking  oil  the  surface  of 
the  soft  mud,  or  running  on  the  solid 
banks.    The  pectoral  muscles,  and  the 
whole  nmscles  of  the  thorax  and  of  their 
thick  strong  neck,  we  find  to  be  pow* 
erfully  developed  in  these  aquatic  rep- 
tiles.  The  muscles  of  the  abdomen  are 
also  powerful  Jn  the  crooodfles,  and^they 
employ  them  in  the  compression  of  that 
cavity  of  the  trunk,  to  diminish  the  spe- 
cific gravity  of  the  whole  trunk  without 
ex])elling  the  air  from  their  extremely 
subdivided  cellular  lungs,  so  as  to  enable 
them  to  rise  and  to  sink  in  the  water 
witAont  much  eiqienditure  df  muscular 
force,  as  does  a  fish  by  compressing  its 
air-bag.  We  have  already  seen,  that  in 
order  to  facilitate  the  action  of  these 
muscles,  particularly  the  recti  muscles  ol 
the  abdomen,  the  tendinous  intersectiona 
of  those  muscles  are  here  ossified,  and 
that  the  ossified  ten^nous  intersections 
of  the  recti  constitute  the  abdominal  ribs 
so  remarkable  in  tbcpe  aquatic  species. 
The  musclt-  b  on  ilie  hack  of  the  neck,  con- 
necting the  head  with  the  trunk,  are  large, 
and  the  neck  is  short,  thick,  aTid  powerful, 
in  these  aquatic  8auria,to  hold  their  strug- 
gling victim  under  water,  and  to  swallow 
it  entire.    This  is  the  more  required, 
also,  on  account  of  their  carrying  their 
prey,  often  of  great  bulk,  for  some  dis- 
tance to  the  water.   We  see  them  seis- 
ing upon  the  banks  of  the  great  rivers 
in  Africa,  in  America,  and  in  India,  where 
they  chiefly  abound,  the  cattle  which  ave 
grazing  on  the  neighbouring  pastures,  and 
conveying  tliem  under  water,  there  to 


lopmcnt  of  the  tail  is  transversely,  and  j  commence  their  violent  muscular  exer- 
the  best  adapted  for  motion  upwards  and  I  tions  to  suffocate  their  prey.   It  is  sald» 

downwards.  For  you  will  observe  that  however,  that  they  dt)  not  attempt  to  tear 
the  lower  part  of  the  coccygeal  region  in  the  prey  piecemeal  immediately  after  it4 
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molioiit  baye  ceaaed,  but  that  tbey  allow 

it  to  remain  for  a  time  to  soften,  so  that  it 
may  be  the  more  easily  divided  or  8^val- 
lowed.  The  webs  which  we  observe  be- 
tween the  toes  on  all  the  feet  of  these 
aquatic  saurians,  indicate  the  uses  to  which 
they  are  applied,  both  in  walicing  over  the 
aoft  muddy  banks  of  the  great  rivers  tbey 
frequent,  and  for  sw  imming  in  the  water. 

We  observe,  here,  animals  with  a  head 
largely  developed,  and  the  face  of  great 
extent^  much  depressed,  and  extended  late- 
rally ;  yet  notwithstanding  this  extent  of 
the  osseous  surface,  it  is  remarkable  to  no- 
tice bow  slightly  the  muscvdar  vyvtem  Is 
developed  in  the  region  of  the  face.  The  I 
greater  portion  of  the  upper  part  of  the 
fEtce,  indeed  the  whole  surface  of  the  head, 
has  but  little  muscular  development,  and 
the  cranial  cavity,  we  have  seen,  only  oc- 
cupies a  small  tubular  passage  at  the 
lower  part  and  ctotre  of  this  great  length- 
ened and  depressed  lica'l.  observe 
that  the  epidermis,  as  in  the  trunk  of  the 
chclonia,  is  applied  almost  directly  to  the 
anrfoce  of  these  bones,  and  corresponding 
precisely,  in  this  rough  tuberculated  co- 
vering, with  the  rough  surface  of  the  bones 
themselves.    Here,  therefore,  numerous 
muscles  are  wanting,  which  generally  oc- 
cupy this  region  of  the  face  in  the  higher 
animals,  and  even  in  the  fishes  and  am- 
phibia.  One  object,  no  doubt,  of  having 
this  roughness,  and  this  dark-coloured 
brown  decayed  exterior  appearance  over 
the  surface  of  the  bones  of  the  bead,  and 
the  roughness  over  the  whole  back,  is  for 
concealment.    We  observe  that  nature 
bas  ever  been  provident  in  giving  carni- 
vorous animals  not  only  the  means  of 
perceiving,  but  of  waylaying  and  sectn  inc^ 
their  necessary  prey,  and  of  overcoming 
it  by  various  means  wIhmi  it  is  necessary 
to  encounter  resistance.   These  animals 
imitate,  by  this  exterior  rough  tubercu- 
lated surface,  and  particularly  those  lon- 
gitudinal carinated  markings  which  cover 
all  the  exterior  surface  of  tbeir  bodies, 
the  decayed  trunks  of  the  trees  auiuug 
wbieh  they  lurk  and  conceal  themselves, — 
trees  which  have  been  washed  down  by 
the  inundations  of  great  rivers,  and  are 
strewed  over  tbeir  bai^. 

But  we  perceive  that  these  animals 
want  numerous  superficial  mu^cleg, 
which  occupy  this  place  in  the  niaiumalia 
and  other  vertebrated  classes.  The  tem- 
poral muscles  are  powerful  in  these 
reptiles ;  and  these  arc  concealed  by  the 
expansion  of  the  posterior  frontal,  the 
temi)oral,  and  the  malar  bones.  They  pass 
up,  thus  secured  against  injury,  from  with- 
out, aud  occupy  those  lateral  cavities 
which  we  observe  above  and  posterior  to 
the  oibiti*  They  are  placed  within,  not 


without,  the  ordinary  bones.  The  masseter 

muscles  are  also  of  considerable  strength, 
and  the  strength  of  the  muscles  of  the 
lower  jaw  corresponds  with  the  fixed  con* 
dition  of  the  teeth,  and  ofall  the  bones  of 

the  head. 

The  muscles  of  the  short  and  fleshy 
tongue  and  of  the  oo  hyoides,  are  likewise 
powerful  in  these  aquatic  reptiles,  but  the 
muscles  are  chiefly  powerful  which  we 
observe  on  the  back  part  of  the  short 
thick  neck  connecting  the  bead  to  the 
vertebiie  and  to  the  trunk,  and  we  have 
seen  the  broad,  arched,  transverse  pro- 
cesses developed  like  ribs  from  the  sides 
of  the  neck,  impcrling  the  lateral  uiolioa 
in  that  pait  of  the  column.  They  ap- 
proach to  the  mammalia  in  the  strength 
and  muscularity  of  their  legs,  but  thcseare 
so  short  and  distant  that  the  long  trunk 
almost  touches  and  easily  rests  upon  the 
ground  when  not  suspemtod  in  the  water. 

More  nimble  movements  and  more  light 
and  pliant  forms  of  the  locomotive  organs 
and  of  the  whole  body  are  seen  in  many 
of  the  terrestrial,  climbing,  long-toed  and 
long-tailed  lacertinc  sauria.  Their  neck 
is  generally  thick,  short,  and  musculai*, 
and  enables  them  to  carry  off  their  prey> 
or  to  swallow  it  entire,  and  tljcir  muscular 
tail  generally  tapers  gradually  from  the 
trunk,  though  often  prolonged  to  a  grest 
extent,  narrow  and  flexible,  as  organs 
of  prehension,  to  assist  them  in  climbing 
or  fixing  on  the  trunks  aud  branches  of 
trees.  The  oblique  direction  of  their  hu- 
merus and  femur  outwards,  and  often  up- 
wards, weakens  these  organs  of  support, 
and  adapts  them  better  for  climbing  thio 
for  running— better  for  prehension  than 
for  support,  and  their  trunk  is  scarcely 
raised  above  tiie  ground.  Many  we  find 
runningf  up  the  perpendicular  trunks  of 
trees,  or  the  smooth  surface  of  building* 
or  rocks  or  clifis,  with  great  ease,  asili^i 
and  security,  aided  by  their  long  flexihie 
fingers  and  toes,  their  sharp  curved  long 
claws,  their  slender  longtboned  tail,  and 
the  scales  on  then-  siiria»-e.  The  musclssof 
the  coccygeal  vertebra;  arc  short  and  inter- 
rupted, and  radiate  chiefly  from  the  bones 
to  the  skin,  so  that  these  vertebra  are  ^- 
sily  detached,  the  tail,  generally  cylindri- 
cal in  its  form,  is  easily  broken,  and  tf 
renewed  when  lost,  as  we  see  the  entirt 
arms  of  the  tritons  renewed  when  thSf 
have  been  cut  oft'.  As  tlieir  ribs  are 
moveable,  and  provided  with  powerful  in- 
tercostal muscles,  their  motions  assist  lO 
inspiration,  and  by  their  forcibly  com- 
pressing the  trunk  they  })roducc  the  long- 
continued  hissing,  when  irritated,  so  coni- 
uiou  to  all  these  cold-blooded  air-breath- 
ing classes  of  vertebrate,  which  arc  capable 
of  pioducing  no  other  vooal  soonds.  Xoe 
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amphibia  which  often  want  ribs,  and  the 
chelonia  which  have  the  ribs  immoveable 

breathe  air  chiefly  by  the  motions  of  thcos 
hyoides,  and  we  have  seen  that  the  cur- 
rents ia  an  water-breathing  animals,  up  to 
the  amphibia,  are  effected  by  tlie  rapid  vi- 


brations of  minute  cilia  disposed  chiefly 
on  the  surface  of  the  breathing  organs 
themselves. 

Besides  the  ordinary  long  climbinghands 
and  feet,  and  a  long  whip-like  prehensile 
tai],  the^ty^i^  dragom  {Jng,  143)  have  all 


Fig.  143 


tin  ii  i)osterior  ribs  extended  out  straight 
fronj  the  sides  of  the  column, moved  by  pow- 
erful intercostal  musclcs,connected  by  a  fold 
on  the  sicin,  and  forming  a  parachute  by 
which  they  are  enabled  to  dart  through 
the  air  after  their  insect  food.   The  geckos 
of  India,  with  a  short  trunk,  a  thick  short 
tail,  shOTt  muscidar  legs,  and  expanded 
fingers  and  toes  terminated  by  curved 
dense  and  very  sharp  claws,  ai*e  seen  to 
run  up  the  smooth  perpendicular  waUs 
and  along  the  ceiling  of  the  houses,  and 
they  arc  aided  in  these  muscular  feats  by 
numerous  transverse  folds  of  the  skin  co- 
vering the  under  tuiftoe  of  the  expanded 
disks  of  the  toes  and  fingers,  and  which 
way  adhere  like  suckers  to  the  smooth 
■umoes  on  which  they  creep.  The  mus- 
cles of  the  vegetable-eating  sauria  are 
less  red  and  vascular,  less  tough  and  irri- 
table, than  in  the  carnivorous  kinds,  as 
we  observe  indeed  in  all  other  classes 
where  the  muscular  substance  of  the  ve- 
getable eaters  is  tender  and  palatable  for 
nod,  while  the  flesh  of  the  carnivorous 
species  is  tough  and  rancid.   The  iguanas 
and  the  scincks  are  among  the  few  sauria 
whose  flesh  is  thus  tender  and  used  as  food. 
The  muscles  of  the  reptiles  are  more  vas- 
cular and  deeper  coloured  than  those  of 
fishes  or  amphibia,  and  have  greater  con- 
tractile power,  but  from  their  still  slow 
movements  they  possess  in  a  less  degree 
those  properties  than  the  highly  energetic 
muscles  of  warm-blooded  rapacious  birds 
or  qnadmpeda. 

The  cameleons  arc  remarkable  for  the 
want  of  simultaneous  action  in  the  mus- 
cles of  the  two  eyes,  as  we  see  the  flounders 
remarkable  for  the  want  of  symmetry  in 
their  position  :  this  is  an  inegidarity  in 
muscular  action  which  we  scarcely  ob- 
lerve  in  the  eyes  of  any  other  vertebrated 
animals.  Their  whole  motions  are  slow 
and  cautious.  Their  organs  of  prehen- 
•lon,  their  handle  their  feet,  and  thair  tail, 


move  with  great  slowness,  and  grasp  with 
considerable  firmness.    We  observe  that 
they  possess  a  body  which  is  obviously, 
from  its  thick  and  massive  form,  but  ill 
adapted  for  velocity  of  motion.  They 
have  a  neck  so  short  as  scarcely  to  be 
perceived  between  the  head  and  the  trunk. 
The  motiont  ^the  head  from  side  to  side 
are  scarcely  perceived  in  the  living  ani- 
mal, so  slightly  does  it  possess  the  power 
of  moving  its  head  from  side  to  side.  It 
possesses  this  power  even  less  than  the 
crocodilida,  which  have  the  transverse  pro- 
cesses of  the  cervical  vertebne  eo  lurge, 
and  detached  from  their  bodies,  that  they 
look  like  ribs,  and  where  the  neck  also  is 
little  susceptible  of  motion.   This  slow- 
ness and  stiflheei  are  a  wise  provision  for 
the  cameleon.   The  food  of  the  camc- 
leon  consists  of  the  flies  which  thev  see 
upon  the  branches  of  trees.   For  teisbtt 
those  flies  they  are  not  provided  with 
wings,  like  the  dragon,  formed  by  the  ex- 
tended ribs,  but  with  a  tongue  ha\'ix^  the 
body  of  the  os  hyoides,  extended  like  a 
probe  through  its  interior — a  cylindrical 
bone,  you  perceive,  of  nearly  an  inch  and 
a  half  in  length,  which  I  have  here  drawn 
out  from  the  tongue  which  covered  it  like 
a  sheath.    This  long  muscular  tongue  ia 
the  instrument  by  which  alone  they  are 
to  seise  their  prey.  The  slightest  dis- 
turbance by  a  motion  of  so  large  a  part  of 
their  body  as  their  head,  in  order  to  seize 
the  flies  that  are  running  about  on  ^ 
leaves,  woiUd  be  sufficient  to  alarm  them, 
and  to  cause  them  to  remove.    It  is  thus, 
therefore,  that  we  observe  those  animals 
provided  with  every  meant  of  conceal* 
mcnt,  by  their  cautious  motions,  and  their 
changes  of  colour.    They  have  the  power 
of  changing  the  colour  of  their  surface  to 
almost  any  hue;  red,  white,  blade,  green» 
yellow,  brown,  and  I  have  even  seen  all 
those  hues  beautifully  mingled,  so  as  to  ero- 
dooa  a  mottled  appearance  om  tiwwkoto 
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8ur£ace»  fclMn  pasiiuig  from  one  hue  to  tbe  1  secr«tbn»  which  tett4»  Uke^e  to  assist 
other,  wiUhovt  vny  apparent  order  or  <d>-  in  teiiiBg  the  prey,  tlw'  tOmmis  appear- 
ject  in  a^iuining  tbe  several  hues.  So  ancc,  however,  iadepcndently  of  the  ae« 
that  these  animals  may  possibly  assume  crction»  wonlfl  he  fuftiriont  to  cptangle 
a  greea  colour  wiieu  they  are  upon  green  and  seize  the  feet  ot  tht  insects  that  xoa^ 


hraoclies  or  leaves,  brown  when  they  are 

upon  a  brown  surface  of  decayed  bark,  or 
any  colour  that  may  be  the  most  coave> 
nient  for  concealment.  The  changes  of 


alight  upon  it;  for  this  dilated  portion 
terminates  in  a  small  moveable  project- 
ing party  like  that  on  the  end  of  the  ele- 
phant's proboscis,  which  by  the  slightest 


colour  appear  to  me  almost  to  be  regii-  j  motion  upwards,  can  bring  all  those  villi 
lated  by  the  volition  of  the  animals.    1 1  into  rontact,  and  thus  hold  the  Anjw^yjf 


have  observed  when  the  auimal  b^ore 
yon  escaped  from  the  myrtle  growing  in 
a  flower-pot  in  which  I  kept  it  alive,  and 
concealed  itself  in  a  dark  part  of  the  room, 
that  I  generally  found  It  in  that  tltoation 
of  a  black  colour,  like  inV>  t^d  that  soon 
it  would  assume  another  colour.  It  did 
not  always  assume  the  colour  of  the  place 
where  it  yftm  reeling;  because  sometimes 
npon  thr  green  cloth  covering  the  table 
it  would  assume  a  yellow  appearance,  or 
»  white,  or  &  red,  or  a  mottled  hue. 

The  want  of  mobility  in  the  neck,  which 
to  so  beautifully  adapted  to  prevent  it 
disturbing  it«  prey,  we  see  compensated 
by  the  motions  of  other  moscular  parts. 
The  eyes  are  covered  over  by  the  common 
spotted  tikiu,  except  a  auiall  sLU  opposite 
to  the  pupils;  the  whole  of  the  rest  of 
the  moveable  balls  of  the  eyes  we  per- 
ceive to  be  completely  covered  by  this 
spotted  skiu.  The  ball  of  the  eye  on  the 
one  side  never  moves  in  the  same  direc- 
tion that  ever  I  could  ob'^orvc,  by  any 
chance,  as  that  in  which  the  bajl  of  the 
Other  eye  moves ;  for  when  the  animal  has 
one  eye  directed  Imckwards,  the  other  is 
seen  to  he  dirct  ted  right  forwards,  or  up- 
wards, or  downwards;  or  when  the  one 
Is  directed  perpendicularly  upwards,  the 
other  may  be  directed  downwards.  The 
one  may  he  fixed  on  some  object  which 
arrests  the  anhnal's  attention,  and  the 
other  employed  in  taking  a  survey  in  all 
directions*  of  the  surrounding  objects. 
But ,  whUu  the  eyeballs  move,  the  co- 
loured Integuments  snrrowidiiig  them 
also  move  with  them,  so  that  they  arc 
ttUl  covered  with  th^  green,  or  brown,  or 
yellow,  or  other  colour  the  animal  has 
assumed,  and  there  is  thus  the  least  pos- 
sible chance  of  the  insect's  perceiving  the 
motiuus  of  the  eyeballs.  Thu^  then, 
there  is  every  means  of  their  perceiving 
their  prey  anrl  of  not  distnrhing  it.  The 
tongue  is  moved  forwards  with  consider- 
able vdocity.  It  terminates  in  a  dilated 
clavate  portion,  which  presents  a  beauti- 
ful villons  appearance.  This  villous  ter- 
minal surface  serves  to  entangle  the  feet 
of  the  insects  that  happen  to  alight  upon 
it  when  it  has  hccii  r^xtendod  for  that  pur- 
pose. It  is  copiously  lubricated  at  its  di- 
lated extremity  by  an  adhesive  mncotit 


that  alight  upon  the  surface. 

We  observe  thftt  the  anterior  and  pos- 
terior extremities  are  peculiarly  ffirnTpr!  in 
the  cameleons,  m  having  tliree  thumbs  op- 
posable to  two  fingers  on  the  hands, and  two 
toes,  like  thumbs,  opposable  to  three  on 
the  hind  feet.  With  this  the  grasp  is  taken 
with  greater  security.  The  muscles  here 
are  powerful,  as  you  may  perceive,  both 
in  the  extremities  and  in  the  thick  pre- 
hensile tail.  The  flexors  and  extensors 
are  very  powerfully  developed,  particu- 


larly the  Hi \  1 
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s  the  fingers  and 


toes  continue  thick  an  1  muscular,  to  the 
claws.   The  object  of  tins  is,  that  thoca- 
meleon,  when  it  is  upon  the  remote  outer 
slender  branches  of  trees,  such  parts 
of  the  branches  as  are  most  likely  to 
contain  the  grratest  abundance  of  prey» 
ma^  be  able  to  withstand  the  motione 
which  these  extreme  branches  of  the  trees 
are  exposed  to  hy  agitation  of  the  winds. 
The  flies  and  other  bisects  on  wMdi  the 
camelenu  feeds,   arc    i^en orally  bu:;zirrg 
about  the  flowers,  or  sucking  the  exuda- 
tions from  the  leaver  the  respiratory  or- 
gans of  the  plants,  and  consequently  at 
the  extreme  outer  parts  of  the  trees.  It 
in  not  upon  the  trunk  or  the  principi^ 
branches  of  trees,  where  there  is  the  leeit 
motion,  that  the  cameleon  is  to  obtain 
its  food;  but  it  must  go  to  the  extreme 
pobits,  there  to  catch  the  flies  and  fe^. 
Thus  it  has  the  means  of  grasping  wll^ 
great  security,— like  the  sloths  among  the 
mammalia,  slow,  but  secure  in  all  its  IQO- 
tions.  The  tail  is  here  a  powerful  mns- 
culnr  organ  of  prehension;  we  observe  it 
twining  with  force  around  the  branches 
of  trees,  and  grasping  by  that  ^rgan  m 
well  as  by  the  strong  muscular  hands  ftod 
feet. 

The  muscular  apparatus  for  progressive 
motion  of  the  iehfkywmrui  {Fig.  FF),^ 
the  plenio.v.'rvrvs,  and  other  extinct  aquatic 
sauria,  must  have  been  chiefly  placed  on 
the  sides  of  the  vertebra;,  for  the  lateral 
motions  of  the  coluinn,  as  wefind&O  ver* 
tehr:e  anchylosed  to  form  a  sarrnm  or 
fixed  part  for  the  attachment  of  legs 
adaptra  to  overcome  much  resistance,  thSr 
transvase  processes  were  duat,  as  &  muh 
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co<|ile9»  aii4  fheir  wms  and  legs  forijaed  un- 
divided fins  like  the  arms  of  cetacea,  moved 
chiefly  by  the  xniuclj^  infejrted  into  (he 
humertu  and  the  fiemnr,  tie  whole  ex- 
tremity below  this  moving  as  one  piece. 
The  great  pec  toral  muscles  of  tlie  piero- 
dactylus  {Fig.  G  G)*  must  bav^  extended 
over  a  large  part  of  the  trnnl^  and  have 
acted  \sith  great  force  on  the  humerus,  as 
in  the  bats,  to  bring  down  the  expanded 
wing  with  impetus  against  the  air,  and 
carry  up  the  trunk  through  that  medium 
— a  structure  not  now  found  in  the  arms 
of  any  rcutilus,  thuugii  it  is  seeu  iu  iisbes, 
bird%  and  mammalia. 

Thus  the  development  of  tlit^  sternum, 
limiting  the  luobility  of  the  ribs  and  the 
development  of  the  extremities  for  various 
kinds  of  locomotion  in  the  saurian  rep- 
tiles, have  given  rise  to  considerable  dif- 
ferences in  their  muscular  apparatus,  as 
conipared  with  that  of  the  armless  and 
legless  serpents,  and  all  their  si)ccific! 
peculiarities  of  muscular  development  are 
intimately  connected  with  the  various 
wants  and  conditions  in  their  living  state. 

Ill  the  massive  short  round  trunks  of 
the  c/i^lonian  reptiles,  we  have  seen  seve- 
ral Important  parts  of  the  skeleton,  as  the 
ribs,  the  vertebra*  of  the  trunk,  the  sternal 
ribs,  the  elements  of  the  sternum,  to  re- 
main for  the  most  part  immoyeable  upon 
each  other;  and  the  whole  trunk*  parti- 
cularly in  the  land  species,  is  thus  sur- 
rounded by  an  inunoveabl^  c^e^  composed 
of  the  sternum,  of  the  stemo-cbstal  appen- 
dices, and  of  the  ribs,  so  that  there  are 
mapy  muscles  o(  t^e  (ni^k  which  we  per- 
ceive kere  to  he  totally' iiseliess  and  en- 
tirely wanting.  All  that  series  of  the  in- 
tercostal muscles,  and  divided  abdominal ' 
muscles,  which  formed  almost  the  entire 
mtiscular  apparatus  for  the  prpgressive 
motion  of  the  serpents,  is  here  wanting. 
Their  respiration  is  effected,  tl^^refore,  by 
s  psnacular  apparatus,  very  different  from 
that  of  tike  orders  'bl  reptiles  where  the 
ribs  are  moveable. 

We  observe  a  continually  repeated  ac- 
tion under  the  lower  jaw  in  these  chelo- 
nia,  a  constant  and  repeated  action  of  the 
OS  hyoides,  as  in  the  riblcss  frogs.  They 
draw  in  air,  by  thus  retracting  the  os  hy- 
oides, through  the  nostrils  to  the  hack 
part  of  the  mouth.  The  posterior  nares 
are  then  closed,  and  by  another  action  of 
the  tongue  and  pharynx,  resembling  that 
of  deglutition,  the  air  is  forced  down  the 
tracheal  thus  inspiration  is  eft'cctcd  by  a 
kind  of  pumping  motion,  without  any  aid 
bom  the  ribs.  The  enormous  cellular 
cavities  of  the  lungs  on  each  side  of  the 
body,  extending  to  the  back  part  of  the 
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I  pelvis,  and  all  over  the  hackef  the  animal, 

are  thus  gradually  filled.  The  act  of  ex- 
piration is  effected  by  the  muscles  which 
affect  the  general  cavity  of  the  abdomen ; 
for  although  we  perceive  the  muscles  of 
the  trunk  to  be  here  almost  wanting  ex- 
ternally and  internally,  excepting  those 
which  pass  down  for  the  motions  oiT  the 
humerus  and  the  femur,  and  the  muscles 
on  the  back  part  of  the  trunk  for  the  mo- 
tions of  the  head  and  neck,  are  still  par- 
ticularly strong  and  well  devekiped.  The 
abdominal  muscles  we  observe  extending 
from  the  iuucr  part  of  these  sternal  pieces 
to  the  hack  part  of  the  ribs.  My  these 
nuiscles  the  viscera  of  the  abdomen  are 
compressed;  the  lungs  are  thus  com- 
pressed, and  expiratkm  Is  effected,  and  ^e 
expulsion  <^  the  £Boe^  and  the  expulsion 
of  the  eggs,  are  also  assisted,  although  tlte 
trunk  is  closed  in  an  immoveable  box. 

The  parts  of  the  vertebral  column  wbidi 
in  these  animals  are  susceptible  of  motion, 
are  the  cervical  and  the  coccygeal  ver- 
tebrae, and,  to  a  slight  extent,  the  sacrum, 
with  the  pelvic  bones.  You  observe,  thcre^ 
fore,  that  the  muscles  connected  w  ith  those 
parts  are  here  distinctly  developed  and 
well  marked ;  bu|  in  cottseqaenee  of  tiie 
immobility  of  the  other  parts  of  the  verte* 
bral  column,  we  observe  many  muscles, 
important  and  large  in  btb^ir  atkimaK  to 
be  here  deficient.  Both  the  rse^  and  the 
oblique  muscles  of  the  abdomen  are  seen 
on  the  parietes  of  tliat  cavity^  an4,  behind, 
a  musde  analogous  to  an  ^mperfhct  'dki<* 
phragm.  The  omo-hyoideus,  the  trapezhiif, 
and  the  r^omboideif  are  j^ero  distinct  and 
important  muscles.  *¥he  moi^Mi'of  the 
scapular  and  pelvic  bones,  though  plu;^ 
'  w  itbin  the  general  osscotis  coverings  have 
their  usual  connexions  aud  uses,  which 
pQln(  out  their  analogies  with  the  cori^ 
spending  muscles  in  other  classes.  The 
muscles  of  the  leg  and  of  the  fore-arm  are 
very  powerful  in  the  ^u(|-tortoises,  an4 
correspond  with  the  great  weighs  those 
thick  short  extremities  have  to  support; 
but  in  the  aquatic  chclonia,  in  the  large 
turtles,  the  muscles  of  the  humerus  are  otf 
great  force,  and  we  have  already  seen  that 
bone  (o  be  much  larger  than  the  femur, 
and  tlwt  the  whole  anterior  extremi^  fn 
these  aquatic  species  are  much  larger  than 
the  posterior.  These  are  important  or- 
gans, employed  hy  the  aquatic  species  in 
the  act  of  swimming.  The  nedc »  moved 
in  every  direction  l>y  very  powerful  mus- 
cles in  the  land-tortoises,  aud  iu  t|ic  tur- 
tles [Pig.  144)  of  the  sea.  '1%e  recti  and 
obliqui  capitis^  the  ui/erfransrersaleitf  md 
the  xp'males,  are  well  marked  and  con- 
stant, but  the  longi  colli  are  those  most 
exerted  in  withdrawing  the  head,  an() 
folding  the  neck  backwards,  in  a  sigmoid 
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curvature,  witliin  the  large  arched  cam* 
pax  of  the  land  species. 

The  food  of  these  chflonian  reptiles, 
both  of  those  which  inhabit  the  land,  and 
those,  like  the  turtle,  which  inhabit 
the  waters,  consists  most  generally  of 
v^;etable  matter,  which  they  have  no 
teefli  to  masticate,  but  which  they  cut 
Into  pieces  by  the  sharp  horny  covering 
which  we  have  seen  upon  the  upper  and 
lower  bills,  covering  the  upper  and  lower 
jaws,  somewhat  resembling,  in  the  upper 
mandible,  the  beak  of  a  bird.  In  order  to 
cut  through  the  thick  stems  of  marine 
pilantB,  upon  wbidi  the  tmrttes  feed,  a  con- 
siderable force  is  reciuired,  aud  wbtre  tht; 
instruments  arc  by  no  means  of  that  dcn- 
dty  which  we  find  in  saurian  reptiles,  or 
in  ophidian  reptiles,  or  in  mammalia,  but 
only  of  a  homy  textm  e,  and  where  the 
lower  mandible  has  not  that  sharp  cutting 
ed((e  which  we  see  in  the  upper  man- 
dible, this  ob\iou8ly  requires  that  the 
tomjioral  and  the  masseter  muscles  should 
possess  greater  thickness  and  strength ; 
and  accordingly  we  find  that  here,  from 
their  being  attached  so  far  forward  on  the 
short  strong  muzzle,  they  act  with  great 
force  upon  the  lower  jaw  in  bringing  it 
upwards.  From  the  extension  forwards 
also  of  the  malar  bones,  we  observe  that 
the  masseter  muscles  act  most  favourably 
on  the  lower  jaw,  and  bring  it  with  great 
power  against  the  upper  jaw,  so  as  b\'  that 
action  to  divide  the  tough  coarse  food. 
The  temporal  mnsdes  are  exposed  on  the 
sides  of  the  head  in  the  land  tortoises,  as 
in  the  mammalia,  but  they  are  covered 
over  with  a  bony  arch  inthctm  tlcs  of  the 
sea,  which  cannot  retract  their  head,  by 
their  long  muscles  of  the  neck  within  the 
carapax,  like  the  land  species.  Thus  w  e 
perceive  that  besides  l^e  want  of  many  im- 
portant nmscles  in  the  chelonian  reptiles, 
in  consequence  of  the  immobility  of  several 
parts  of  the  skeleton,  moveable  in  other 
vertebrated  classes,  the  nmscular  system 
of  these  animals  is  jieculiarly  characterized 
by  the  transposition  of  the  muscles  of  the 
scapular  and  pelvic  arches,  from  Gne  ex- 
terior to  the  interior  surface  of  the  bones 
from  which  they  take  their  origins. 


In  the  muscles  of  hirdif  wc  observe  the 
vital  properties  of  these  organs  to  have 
arrived  at  their  majcimum  of  development, 
which  is  requisite  to  adapt  these  anunals 
for  their  aerial  life,  and  to  carry  their  trunk 
through  so  rare  a  medium  as  the  atmo- 
sphere. Theirirritability  or  power  of  con- 
traction is  the  greatest  in  the  living  state, 
and  is  the  most  quickly  lost  after  death,  its 
tenacity  after  death  being  generally  in  the 
inverse  ratio  of  the  degree  of  acti\ity  of 
that  power  during  life.  The  muscles  of 
birds  are  more  firm  and  vascular,  tougher, 
stronger,  and  of  a  darker  colour,  than  in 
the  cold-blooded  vertebrata,  and  they  pos- 
sess most  of  these  properties  in  the  ra- 
pacious kinds,  where  they  are  most  exerted 
and  have  most  blood  sent  through  tbem. 
In  the  heavier  vegetable-eating  birds, 
where  the  muscles  are  feeble  and  less 
exerted,  they  are  pale,  and  have  less  blood 
sent  through  thoin  in  a  given  time,  and 
are,  consequently,  more  tender  and  pa- 
latable as  food.  'This  elevated  eondition 
of  the  muscular  system  is  accompanied  by 
a  high  development  of  the  nervous  anil 
vascular  s^vtems,  by  on  extensive  and 
quick  respiration  (which  aerates  the  sys- 
teiiiic  as  well  as  the  pulmonic  blood),  by  a 
high  temperature  of  the  body,  and  by  in- 
creased energy  of  all  the  functions.  We 
observe  the  same  high  power  of  muscular 
conti-action  accompanying  a  very  exten- 
sive respiratory  system  in  insects.  This 
muscular  force  is  necessary  in  birds,  to 
fly  for  safety  or  to  pm'suc  their  prey 
through  the  air,  to  follow  the  seasons  from 
latitude  to  latitude,  and  to  perform  thefar 
niit^rations  over  monntain-chains  or  con- 
tinents or  the  trackless  ocean.  Tlieir 
muscular  eflRirts  are  partly  relieved  by  the 
substitution  of  air  formaiTow  in  the  bones, 
and  they  are  delicately  sensible  to  changes 
in  the  condition  of  iht;  atmosphere,  and 
become  augurs  of  the  weather.  In  birds, 
indctMl,  we  find  the  respiratory  organs  the 
most  remarkable  among  the  vertebrata  for 
th^  extensive  development,  iiotbeing  con- 
fined to  the  undivided  lobes  of  their  hmgs, 
or  the  cells  of  the  lungs,  which  are  largely 
developed  in  the  lower  part,  as  in  reptiles, 
aud  extend  throughout  the  cavity  of  the 
abdomen ;  but  these  cells  even  extend  into 
the  neck,  into  the  axilla,  into  all  the 
bones  themselves,  as  for  as  the  hands  and 
feet,  making  them  like  air  tubes.  So  that 
the  systemic  blood  here  conies  in  con- 
tact with  atmospheric  air  in  almost 
all  parts  of  the  body — the  branches  both 
of  the  systemic  and  pulmonic  arteries 
are  aerated,  and  a  high  temperatiu-c  is 
obtained  for  incubating  on  the  eggs,  and 
aiding  the  high  devdopmentof  the  young. 

The  muscles  of  birds,  especially  of 
the  extremities,  are  generally  short  ami 
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thick,  and  their  tendons  are  long,  slen- 
der, dense,  and  often  ossified;  so  that 
the  flMby  parts  of  the  mnades  being 

placed  on  or  near  the  trunk,  the  extreme 

fiarts  are  lightened  by  receiving  only  the 
ong,  narrow  tendons.  Hence  the  long 
slender  legs  and  the  lightness  of  the  wings. 
Birds  having  nearly  all  the  same  general 
form  and  movements,  have  great  uni- 
fbrmity  hi  the  disposition  of  then*  muscles. 
Their  arms  and  hands  being  appropriated 
to  flight,  their  long  neck  and  head  supply 
their  place  for  the  purposes  of  prehension, 
and  ai'C  provided  with  all  the  ordinary 
muscles  for  their  varied  and  extensive 
motions,  as  the  straight  and  oblique  mus- 
cles of  the  head,  the  interspinalcs  and  the 
intertransvprales,  the  spinalis  dorsi,  the 
splenii  of  the  bead  and  neck,  the  rhom- 
boid and  scaleni  muscles,  bideed,  the 
necHc  of  the  bird  is  like  the  trunk  of  the 
serpent,  for  its  muscularity  and  flexibility. 
Although  the  face  is  deficient  in  several 
moscles  from  its  being  protected  by  the 
homy  mandibles,  we  ohser^'c  the  j>ower- 
ful  mucles  of  the  lower  jaw,  occuuying 
the  sides  snd  lower  part  of  the  head; 
these  arc  strongest  in  the  hard  and  short- 
hilled  rai)aiious  birds,  to  tear  their  prey. 
We  observe  a  singular  want  of  syuimctry 
in  the  development  of  these  muscles  of  the 
lower  jaw,  on  the  two  sides  of  the  head, 
in  the  crossbill  {Fit/.  145),  where  the  tem- 

Fig,  145 


the  arm,  the  fore-arm,  and  the  hand  (Ftg, 

1-17),  have  their  insertions  high,  and  their 
fleshy  portions  confined  to  near  their  ori- 
gins, so  that  only  the  long  tendons  are 
sent  down  to  the  points  to  be  moved,  and 
the  weight  of  the  member  is  greatly  di- 
minished. Those  njuscles  which  are  seen 
on  the  fore-arm  arc  here  abductors  and 
adductors  of  the  hand,  which  have  no  ef- 

Fi</.  147 


poral,  the  ptcrj-goid,  and  the  ma???cter 
muscles  are  larger  on  the  side  to  which 
the  lower  jaw  is  nsnally  drawn  in  a  state 

of  rest,  and  this  apparent  defect  is  a 
beautiful  provision  to  enable  this  bird  to 
obtain  the  seeds  from  the  cones  of  the  fir, 
or  from  other  hard  coverings. 

The  progressive  motion  ofthe  bird  through 
the  air  depends  chiefly  on  the  action  of 
the  pectoratis  major,  or  the  hnmems, 
and  we  see  that  inusrle  often  snirprissing 
in  magnitude  all  the  rest  in  the  body,  and 
greater  proportionally  than  in  any  other 
otass,  extending  its  insertion  alwig  a  great 
portion  of  the  humerus,  and  covering 
nearly  the  whole  of  the  fore  part  of  tbe 
tnrnlc  (Fiff.  146).  It  covers  the  pteioraSf 
niitior  and  the  cnracobfachiaUs,  which  take 
their  origins  also  from  the  expanded  sur- 
face of  the  sternum.   All  the  muscles  uf 


feet  in  the  flexion  or  extension,  the  pro- 
'  nation  or  supination,  of  the  hand,  but  only 

in  adductiiig  or  abducting  that  part  of 
'  the  wing,  so  as  to  bring  it  forwanl  from 

the  idna,  or  bsdcwards  to  the  ulna,  as  in 

the  wrist  of  the  hat.  There  is  but  little 
I  motion  in  the  phalanges  oi  the  fingers, 
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either  in  the  flrst,  the  middle,  or  the  little  I  (Jeed,  if  you  reflect  oil  the  adyautagca 
fingers.  The  whole  wing,  ii^dccd,  pos-  v(l)jch  you  possess  as  koijlish.  surgeons^ 
sesses  very  litUie  jiower  of  pronation  and  yoi>  will  be  aUtt  to  tnce  Wck  the  ini 


supination,  exccpnog  the  bead  of  the 
humerus,  so  that  it  acts  with  greater  se- 
enrity  and  effect  in  oif^  direction.  The 
nmscles  of  the  back  are  feeble,  and  that 
part  necessarily  admits  of  little  motion ; 
the  straight,  oblique,  and  transverse  nms- 


provements  in  surgery,  and  especially  the 
improveui^t^  ia,  tbe  gri^at  operatioua 
upon  the  arteries,  V>  til-O  very  principles 
which  w  ere  arrived  at  by  means  of  these 
experiments  and  dissections  of  IMr.  Hl  x- 
TKH.   It  is  surprising,  wheo  you  look  into 


cles  of  the  abdomen  are  also  very  feeble  j  foreign  books  and  physiological  treatiscii 
and  short  in  this  class,  that  ca\  ity  being  ,  on  this  subject,  that  the  important  results 
chiefly  supuortcd  and  covered  by  the: of  bi^  e^peiiments,  the  ynportant  facta 
•temuin.  For  the  strong  talons  and  the  which  he  hax  given  to  w,  and  so  judlr. 

powerful  grasp  of  the  rapacious  birds,  ciously  reasoned  upon,  and  which  may  b^ 


which  carry  aloft  their  victims  to  the 
rocky  clifl's,  to  share  it  with  the  young  in 
the  nest,  the  muscles  Of  the  legs  wre  ^n* 
tinned  fleshy  to  the  toes,  and  thus  require 
the  feathers  to  be  continued  over  them, 
as  in  Other  mnsouhur  parts  of  the  hody. 


But  in  most  birds  the  legs  arc  slender  and  it  deficient 


summed  up  altogether,  for  examitle,  in 
trea.ting  of  tii^e  elasticity  and  musculaiity 
cl  ^h^  artery^  thpuld  be  passed  "pver  so 
much  na  tht  y  are,  ami  yet  if  you  examine 
the  cbaia  of  reasoiuQg  wbicU  l^e  has  sup- 
plied, 1  am  sure  you  will  ftiwl'iio  link'af 


light  as  the  wings,  and  have  only  the  long 
tendons  of  the  flexors  and  extensors  con- 
tinued to  the  foot.  By  the  long  flexor  of 
the  toes  passing  over  the  knee  and  behind 
the  heel,  the  beading  of  these  joints  forces 
them  to  grasp  mechanically  ^  bfandies 
when  they  are  sleeping  pevched  on  trees 
agitated  h)'  the  wind* 
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LECTURE  IX. 

MUSCULAR  ACTION,  AND  MUSCULAR  CON- 
ntART^O  WITH  CLASTIC  POWXB. 


\qu  require  to  know  how  it  happens  that 
the  circulation  is  uniform  throughout  the 
body,— how,  when  the  bipod  has  an  im- 
pulse given  to  it  at  one  part,  it  should  be 
propelled  with  uniform  iaciUty  over  aU 
the  parts  of  the  frame;  an4  again,  liow 
there  should  he  a  i);inlal  acceleration,  a 
!  partial  increase,  ot  the  force  of  the  circu- 
j  lation,  in  particular  parts,  as  tl^f^  are 
!  excited  or  called  into  action? 

Now  is  it  possible  to  account  for  this 
qn  the  sl^I)po{U(io^  that  ther^  is  an  e^gin^ 
at  the  centre?  This  is  determined  hy  the 
engineer,  who  lays  down  the  rules  and 
knows  the  laws  of  hydraulics,  to  be  a 
matter  of  certainty.  He  knows  tiat  if  a 
forcing  pump  be  passing  fluid  along  an 
elongated  tube,  the  fluid  will  not  pass  to 
the  extremity  of  the  tube  unless  he  forces 
it  through  a  shorter  tube ;  and  he  further 
knows,  that  if  there  be  remarkable  curves 
in  the  course  of  the  tul>e,  the  force  of  the 
fluid  is  thereby  remarkably  retarded. 
Now  if  it  be  universally  assented  tOf  if  it 
be  known,  that  any  force  operating  on  a 
column  of  fluid,  passing  through  a  ^ 
vessels,  will  be  retarded  in  prppofticm  to 
the  length  of  the  vessels,  how  can  you  ac- 
count for  the  circulation  of  the  blood 
!  without  reverting  to  the  observations  c^" 
I  Mr.  HuNTBaK  Mi.  Hitnteb  )ias'  dia? 
tinctly  shown  ns,  tfiat  there  is  not  only 


Obntlbmbk,  1  was  about  to  offer  an 

apology  for  attempting  to  address  you  on 
a  suUect  SQ  dry  and  so  beset  with  dif-  ^ 

llcnlties  as  that  of  muscularity.  But  I  find  '  elastic  pump  in  the  body,  which  is  a  dead 
that  Mr.  Hunter  has  taken  so  much^nower.  hutV  .*  . 


,     ^  power,  hut  Aat  there  is  also  a  muscular 

pamsto  make  these  preparatmns  before  |  power,  resulting  from  the  life  of  the  "parj 
you,  and  he  has  made  so  many  experi-  which  is  perfect  during  the  life  of  the 
inents  illustrative  of  the  facts  relating  to  animal,  and  dies  with  ttie  animal, 
elasticity  and  muscular  fibre  ;  and  Nx  lu  n  '    Mo«t  extraordinarj'  is  it  then,  that  a|l 


you  turn  to  his  works,  it  is  obvious  that 
fie  thought  so  much  of  the  subject,  that  I 
am  sure  no  apology  is  necessary,  and  that 
you  would  say  it  would  be  a  deVclic  tion  of 
duty  on  my  part,  if  I  did  not  attempt  to 
illustnite  t^e  sul^ect  of  muscplarity.  |n- 


this  is,  as  it  were,  left  out,  naisscd  over, 
by  writers:  the  structure ' f»r  the  artgfy 
being  considered  as  fomethiiig  in  itselrW 

cxi)licable.  I  must  not,  I  believe,  in  the 
present  session,  go  over  the  whole  of  the 
proof,  again,  which  might  he  adduced 
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LECTURE  XXXV. 

ON  THE  MUSCULAR  SYSTEM  OF 
MAMMALIA 

The  muscular  system  and  the  living 
movements  of  mammalia  are  more  varied 
than  in  any  other  vcrtebrated  class,  for 
sonic  arc  organized  to  plough  the  deep  Or 
to  clamber  on  the  rocky  coasts,  some  to 
burrow  in  the  earth  or  to  bound  over  the 
plains,  some  to  gamble  on  lofty  trees  or 
cliffs,  or  to  winj^  their  way  tli rough  the 
air,  and  these  diflercnt  conditions  aflfect 
tnore  espedally  the  organs  of  motion.  The 
muscles  here  are  strong  in  every  part, 
and  proportioned  to  the  massive  bones 
and  the  ponderous  trunks  of  the  animak 
of  this  highest  class.  The  lungs  of  mam- 
malia being  confined  to  the  thorax,  where 
they  float  loosely  in  the  cavity,  antl  are 
BtttTounded  by  the  pleura,  the  diaph  ragm 
is  more  perfect  than  w  e  find  it  in  reptiles 
or  in  birds,  and  is  developed,  like  most 
Other  partii,  from  the  penpiiery  to  the 
centre;  so  that  the  respiratory  system 
being  less  extensive  than  in  birds,  the 
temperature  of  the  body  is  lower,  the 
muBcnlar  contractions  are  less  energetic, 
and  the  muscles  compensate  by  their  in- 
crease in  bulk  for  their  defect  of  energy, 
which  gives  a  rotundity  to  tlie  exterior 
form,  and  more  massive  proportions  to 
all  the  parts,  of  quadrupeds* 

No.  564. 


The  great  whales  and  cachalots,  and  all 
the  cetaceous  mammalia,  breatbing  by 
lungs  like  the  terrestrial  quadrupeds,  re- 
quire continnnHy  to  ascend  and  descend 
in  the  water,  and  Uius  to  have  the  mus- 
cles of  their  trunk  very  differently  dis- 
posed from  those  of  fishes,  which  are  or- 
ganized for  horizontal  movements  through 
that  element  which  they  breathe.  The 
great  breadth  and  extent  of  the  occipital 
region  of  the  cranium  afford  a  large  sur- 
face of  attachment  for  the  muscles  of  their 
short  nedc,  and  for  those  which  act  on  the 
yertebrse  of  the  tniuk.   The  length  of  the 
transvei'se  and  spinous  processes  of  the 
vertebrae  forms  a  large  angular  space  on 
each  side  of  the  colunm,  for  those  powerful 
muscles  which  move  the  caudal  vertebrae 
and  the  tail.   Wc  observe,  especially,  in 
this  region  the  spinalis  and  semi-spinalis 
dorsi,  the  splcnii  of  the  head  and  of  the 
back,  the  multifidus  spinae,  the  longis- 
simus  dorsi,  and  a  portion  analogous  to 
the  sacro-lumbalis  of  higher  mammalia. 
The  iuter-spinales  and  inter-transversales 
also  assist  here  in  the  motions  d  the  spine. 
The  straight,  the  oblique,  and  the  trans* 
verse  muscles  of  the  abdon)on  are  hei«e 
distinct,  and  the  muscles  which  act  upon 
the  lower  port  of  the  column  to  bend  down 
the  tail,  appear  to  be  analogous  to  the  or- 
dinary muscles  of  the  lokks,  the  psoas, 
the  iliacus,  and  the  qoadratus  hmaborum, 
on  each  side  of  the  inferior  spinous  pro- 
cesses which   protect   the   aorta.  Tlie 
muscles  of  their  large  scapula:  arc  also 
powerful,  and  so  are  the  pectoral  and  del- 
toid muscles,  to  act  upon  the  humerus,  and 
move  the  pectoral  members  as  one  piece. 
The  muscles  of  the  os  byoides,  the  pha* 
rynx,  and  the  exterior  nares,  are  also  re- 
markably developed,  often  embracing  the 
expanded  caviues,  through  which  ^thcse 
animals  can  expel  columns  of  water  taken 
in  by  the  mouth,  or  can  breathe  freely 
while  the  rest  of  theur  body  is  beneath  the 
surface.    Many  muscles,  we  perceive, 
nnist  necessarily  be  absent  in  these  cetacca, 
troin  their  want  of  posterior  extremities. 
Many  of  the  muscles  of  the  pelvis  and  the 
nmscles  of  the  legs  arc  here  deficient. 
From  the  very  limited  motion  admitted  of 

2  F 


Digitized  by  Googfe 


434 


PROFESSOR  GRANT  ON  THB 


between  the  parts  of  the  arm  and  of  the 
hand,  we  perceive  also  fhat  many  of  the 
mutcles  have  reoeived  no  devdopnent; 

and  that  wc  can  scarcely  perceive  a  trace 
of  many  of  those  of  the  fiagers.  The 
mmclea,  however*  o&  fhe  fere  pait  ol  lihe 
trunk  arc  here  large  and  powerful,  those 
both  above  the  scapula  and  below  it;  and 
we  perceive  that  the  pectoralia  major 
acts  powerfully  on  the  humerus,  and 
the  ti-apezius,  the  rhomboideua,  the  sub- 
scapulaiis,  and  the  supra  and  infra  spi- 
nati,  act  powerfully  on  the  expanded  sca- 
pula. Wc  [u  rceive  that  these  fin  like  arms 
sre  provided  with  that  particular  muscular 
apparatus  which  is  best  adapted  far  mov- 
ing them,  as  an  undivided  organ,  to  give  a 
more  solid  impulse  to  the  water,  directing 
their  motions,  balancing  their  body,  and 
iardag  it  flmiagh  the  deep;  that  pro- 
gressive motion,  however,  is  chiefly  ef- 
fected bf  the  horizontal  talL  Some  of 
Ultose  atmnsls  which  feed  on  pIsiitB,  hAve 
the  roiiirlcs,  particularly  the  flexors  of  the 
fingers  of  the  hands,  much  more  developed 
than  you  see  in  the  blowing  whales.  This 
H  the  case  with  the  lamantines  and  with 
the  dn^onr:?!,  which  can  climb  with  the 
heads  upon  rocks,  so  as  to  bask  in  the  rays 
of  Ute  eon,  like  eeids  smongtheceniivon. 
Indeed  the  transition  i«  gradual  from  the 
form  of  the  muscular  apparatus  of  these 
herhivorotti  oetacea  to  that  of  walruses, 
■eals,  otten^  beavere,  and  other  diving 
mammalia,  and  fi*om  these  to  the  true 
terrestrial  soecies.  The  oetacea,  like  the 
flthev,  Bropnfi)ia,  and  eerpentti  oonsiet 
chiefly  of  the  tnmk,  and  by  its  muscles 
they  are  supported  and  moved  in  the 
heavy  element  th^  Inhabit ;  but  the 
Isold  quadnipedB  Tequirc  strmger  mem- 
bers and  stronp-or  nmsclcs  to  support  and 
move  their  heavy  trunk  in  the  light  and 
unresisting  element  which  they  breathe. 
In  the  herbivorous  quadrupeds  the  vnv.s- 
cular  energy  is  generally  less  than  in  the 
camivoroiiB  epecaes,  and  thie  aoeorda  with 
the  inferior  development  of  their  respira- 
tor)'  and  nervous  systems,  and  the  di- 
minished^activity  of  ill  their  functions. 

In  the  mminatinn^  animab,  from  the 
still  extremely  siniple  structure  of  their 
extremities,  many  of  the  muscles  which 
are  developed  in  the  eztremitiee  of  eami'^ 
vorous  quadrupeds  are  entirely  deAcient, 
and  from  the  small  number  and  little 
flexibility  of  the  toes,  we  observe,  for  in- 
Stance,  that  the  flexor  and  extensor  niin* 
clcs,  which  send  down  numerous  tendon!- 
to  the  toc3  of  carnivora,  have  here  those 
tendons  necessarily  redoced  in  nnmber, 
from  the  reduced  number  of  the  toes ;  anr) 
this  is  more  rernnrkahle  in  the  solidungu- 
ious  pachydeniiii,  which  walk  on  the  point 
of  anngletoe. 


In  these  heavy  quadrupeds,  the  exten- 
sor muscles  of  the  legs  have  generally  a 
greater  development  than  the  flexor  mus- 
cle« ;  and  this  applies  to  most  of  the  pa- 
chyderma.  Many  o^  them,  destined  to 
eoncame  vegeCabus  matter  in  grrat  quan- 
tity, hnvc  the  trunk  of  their  body  pro- 
portionally large,  and  presenting  cou- 
sideraUe  weight  for  the  pillars  that 
are  to  npport  them.  There  is,  there* 
fore,  a  constant  call  on  the  extensors 
of  the  exti'emities  of  those  animals,  lor 
the  mere  support  of  the  heavy  trunk. 
The  body,  however,  being  supported  ia 
the  horizontal  position  hy  four  members, 
much  of  Ae  pressure  is  taken  off  from  tiie 
posterior  extremities,  which  we  see  ap- 
plied to  theui  in  the  climbing  quadrupeds, 
aud  niuat  m  the  sciiii-crcct  quadrumana 
and  the  erect  forms  of  our  species.  The 
muscles  of  the  hands  and  feet,  with  their 
long  slendei'  tendoae»  in  the  deers  aud 
nimble  antdopes^  are  Uhe  those  of  hirde, 
with  their  flcj-hy  jjortions  confined  to  the 
proximal  parts  of  the  extremities.  They 
form  a  striking  contrast  with  the  mu8cu> 
iar  hands  and  feet  ef  the  eamivoemw 
sy)ecio«,  and  both  structures  are  equally 
adapted  to  tb^  objects.  This  structure  ia 
the  mote  easily  eCected  inthe  legs  of  the 
light-footed  ruminantia,  from  the  short- 
ness of  their  proximal  bones  aud  the 
lengthening  of  their  canon-bones  behind 
and  bdbre,  along  which  the  tendons  of  the 
flexors  and  exteoaon  are  braced  to  the 
toes. 

There  are  no  ehivideo  to  sepanrte  the 

humeri  in  t]io  runiinantia  nor  in  the  pa- 
chydernia,  and  the  trunk  of  the  body  is 
subpended  between  the  scapulas  by  the 
strong  xernH  muscles,  like  a  umd  pawing 
across  beneath  the  chest.  Tliosc  muscles 
serve  to  connect  the  two  scapuix  with  the 
fore  part  of  tiie  sternum  and  rlhs,  and  ate 
often  attached  so  far  forwards  as  to  reach 
several  of  the  transverse  processes  of  the 
cervical  vertebrae.  These  form  the  chief 
connexion  betwixt  the  scapulae,  and  con- 
3e(|iH'!itly  the  arms  and  the  trunk  of  the 
animal,  aaid  serve  to  hang  the  fore  part<^ 
the  trunk  to  ^  scapubs.  Now  the  sca- 
pulie  are  here  brought  very  clo>c  to  each 
other  on  the  fore  part  of  the  chest  by  the 
want  of  clavicles,  and  the  chest  is  thus 
narrow  and  compressed,  presenting  a  ca- 
rinated  appearance  in  front.  Thus  the 
anterior  extremities  are  by  this  roeana 
iHronght  as  nearly  as  possible  under  the 
centre  of  gravity,  ?o  as  to  support  with 
more  security  the  whole  of  the  fore  part 
of  the  trunk  by  the  serrati  muscles  in  these 
heavy  vegctablc-eating  quadrupeds.. 

Wc  observe  that  many  of  those  rumi- 
nating (piadrupeds  have  the  head  providc<l 
with  very  powerlkl  faflns,  as  orgsn*  of 
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defence,  and  supported  by  a  nock,  tbick, !  tttsks  of  the  «lephant,  and  tbe  use  it  frc« 


strong,  and  muscular.  This  muscular 
llf  of  tfie  neck  ocevrt  partir  in  conse- 
quence of  the  increosetf  weight  of  the 
head,  and  partly  from  the  use  that  is  made 
9t  thtm  jMWwftil  ofgans  m  a  rneane  of 
defence.  We  sec  it  in  the  bi-on,  hi  tbe 
buffalo,  in  the  buU,  in  the  gnu,  and  in 


quently  makes  of  them,  and  the  weight  of 
its  molar  teetib,  that  it  requires  to  have 

the  muscles  on  the  bnck  part  of  the  head 
rery  powerful,  and  sti-ongiy  connecting 
tin  iMad  with  tha  tnmk,  aaweil  aa  on  to* 

count  of  the  wcitjbt  of  the  proljoscis  and 
of  tbe  whole  head.    The  nostrils  wera 


mm,nj  other  antmala  wMcb  use  those  or-  here  lengthened  to  compensate  for  tkit 
gans  as  a  means  of  defenee.  That  same  shortness  of  the  neck ;  and  we  ftnd  A  wm» 
tnuscolaTity  is  observed  in  mnny  of  the  i>etit!on  and  fHvision  of  the  orf!inary  mos- 
birger  pachydenna,  from  tbe  great  weight  |  cles  of  tbe  nose  here,  to  an  immensa 
the  teeth,  er  tntka^  or  ]irohoici%  or  extent,  so  that  upon  aaetonixlng  this  pre* 
horns,  or  the  general  mass  of  tlic  lioad  ;  bosc  i^,  we  find  nearly  a  thoiisan  l  Tnuscles, 


itsdf.  Most  of  the  herbivorous  quadru- 
peds have  tke  muscles  of  the  ears,  the 
uU^tUm  Mtresi,  and  the  emterior  and  jM#- 


which  cause  these  nostrils  to  appear  so 
large  that  we  aare  apt  to  regard  ft  as  Ml 
organ  different  fresft  the  oi^lnary  org« 


ferim'  a^rrh,  powerful  and  large,  to  move  of  Tnell.    Those  nnnicrous  longitudinal, 


those  organs  in  <liffercnt  directions,  so  as 
fe  he  made  aware  of  daggers  as  much  as 
possible  before  they  approach.  We  per- 
ceive among  them,  as  among  several  Of 
Ihe  soMapgrtous  pachyderms,  that  tbe 
exterior  concha  and  its  mnscies  acquire 


transverse,  and  oblique  nmsdes,  sei  ve  to 
compress,  te  shorteoy  and  to  bend  #a 
every  side,  the  two  nostrils  of  the  elephant} 
so  that  the  animal  caa  use  the  proboscis 
•9  a  Imatf,  or  l»  drink  wtth.  Tlioee  miif* 
cles  require  also  to  he  provided  with  large 


an  enormous  development,  whi<:  h  ay>pears  nerves,  which  ^ve  «ee  indicated  by  the 


to  be  connected  boiU  with  thesouadii  they 
themselves  emit,  and  Willi  the  imperfect 
development  of  their  great  cerebral  cen- 
tres. Tbe  organs  of  the  senses  are 
eften  large  where  Umma  of  pereeption 
are  small.  These  muscles  arc  powerful, 
and  t>!e  concha  very  large,  in  the  rhi- 
noceroij  and  in  the  elephants,  espe- 
cfalty  of  Africa.  In  aqswtie  species  of 
qtiadmpcds  thcv  are  p:enern!l\'  very 
Small,  or  wanting,  and  tbey  are  propor- 
tionally  small  In  the  Mgfier  mannnalia 
^^llL■ri■  tlie  hra'ii  h  more  rfoctly  deve- 
loped, as  in  carnivora,  quadrumana,  and 
the  human  species.  From  the  lengthened 
form  of  the  face  in  Bumy  of  these  qnodni- 
peds,  to  reach  the  grass,  we  observe  all  the 
muscles  of  the  nostrils  and  tbeKps  length- 
ened sand  enlarged,  as  the  levator,  tbe  de* 
pressor,  and  the  zygoinatir  muscles. 
■  Many  of  the  larger  pachyderma,  as  the 
rhinoceros,  the  hippopotamus,  and  the 
elephant,  which  have  the  skin  so  remark- 
ably thick  and  inflexible,  that  in  order  to 
move  it  rapidly,  large  mosdes  would  be 
veqalrsd  to  be  approprlateil  to  that  nee, 
appear  to  be  almost  destitute  of  the  pan- 
niculus  carnosus.  The  thickness  <rf  their 
dctns  in  several  of  the  pachyderma  is  a 
proteelltm  from  the  attacks  of  those  nu- 
merous insects  which  infest  the  bodies 
of  many  of  the  more  delicate-skinned  ru- 
minating stnimals.  It  is  thus  tliat  we  ob- 
serve a  crreat  diflferencc  in  the  develop- 
ment of  that  cutaneoiM  muscular  appara- 
tus in  different  ibrms  of  pachydenmi.  In 
some  we  caimot  see  it  developed  at  all, 
and  m  others  it  acts  on  tlie  hnmeras  imd 
ou  t))0  femur. 

•  We  perceive,  (torn  HieiMigHltnditof  me 


large  foramina  tli rough  which  they  pi^, 
the  lnftiM>rbitary  foramina.  We  obsenro 
that  several  other  of  the  pachyderma 
have  the  nose  long,  muscular,  and  flexi^ 
ble ;  this  WO  tee  In  the  ts|rtn  end  tho 
coati-mondis.  The  boars  and  pecaris  re- 
qtrire  the  muRcles  of  the  nose  to  be  strong, 
on  a  different  account.  They  have  large 
hoofs  upon  tiie  feet,  bjr  isMdi  they  are 
enabled  to  scrape  the  c:toimd  in  search  of 
soocident  roots,  oi\  which  they  feed;  but  we 
observe  thai  tbey  dig  chiefly  by  that  large 
truncolated  cartilaginous  disk  which  termi- 
nates tbe  septum  of  the  nose.  Wc  have 
already  seen  that  the  septum  of  the  nose, 
at  its  extremity,  is  ossiiied,  forming  a  dis- 

tinrt  bono,  which  gives  support  to  the 
upper  dense  cartilaginons  part,  whidi 
serves  tbe  animfldns  an  Snstrmnent  tosef  apo 

up  the  soft  parts  of  the  earth  in  search  of 
food.  This  requires  these  animals  to  have 
the  muscles  of  tbe  nose,  especially  the  leva- 
tor alne  nasi,  to  be  strong  and  large,  and 
that  their  lu  ck  should  be  thick,  short,  and 
muscular,  togive  force  to  the  digging  in- 
stmment.  Ttam  nmseles  are  else  power- 
ftd  in  the  long  flexible  nose  of  the  tapir?. 
The  n:ieat  mncrnitude  of  the  iliac  bones 
which  we  have  seen  in  many  of  the  large 
pachyderma,  gives  a  broM  attachment 
not  only  to  the  extensors  of  the  femur 
without,  but  also  to  tbe  ikaeu*  inttrmm 
and  the  pia^nrfnt  ftisiisrasi,  ondtbenag^ 
nitudc  of  all  the  muscles  of  their  femur 
corresponds  with  that  of  the  muscles  at- 
tached to  the  surface  of  the  scapula  for 
the  inoiions  (  f  tbe  humerus.  In  the 
lighter  forms  of  herhivora  the  i>dvic  and 
scapular  bones  and  the  muscles  attached 
Co  mcin  ore  alflke  lengtbcnsid,  .Mid  tbcic 
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members  are  moved  with  tacntMd  ¥i]»> 
city  but  dimininhed  force. 
In  the  echidna,  which  digs  for  its  food, 

we  observe  that  the  flexor  muscles  of  the 
legs,  especially  of  the  forc-ann  and  hand, 
have  a  development  greater  than  the  ex- 
teawin :  Mid  what  we  tee  here  holds  ge- 
nerally trne  with  respect  to  digging 
quadrupeds.  The  anterior  extremities 
are  alone  empk>yed  in  digging,  thoee  cai« 
tremities  meeting  with  greater  resistance 
to  the  flexors  than  the  extensors.  We  find 
the  flexors  of  the  fore-arm  and  hand  to  be 
necessarily  most  powerful  in  these  digging 
quadrupeds.  We  observe  that  in  the 
echidna  the  panniculus  carnosus  is  large 
and  powerfa]»  h&  order  to  give  erection 
and  fixity  to  those  spines  that  are  thrown 
over  the  aaimaTs  surface  for  protection. 
The  nnimalii  with  thia  strong  kind  of 
homy  coveting,  so  strong  generally  In 
animals  that  dig,  as  the  manis,  the  anna- 
diiloi,  the  hedgehogs,  and  many  others 
that  dig  chiefly  for  insects,  are  thus  pro- 
tected from  the  dust  which  they  are  con- 
stantly turning  up,  and  from  the  attaclcs 
of  insects  often  swarming  aronnd  them,  or 
creeping  over  their  surface.  Now  that 
panniculus  carnosng  serves  to  draw  the 
extremities  and  tliu  wholo  bo(iy  together 
into  around  mass,  Hud  to  hold  it  coiled  up, 
like  a  ball,  while  it  is  in  that  tense  and 
protected  condition.  The  skin,  except  in 
the  lower  parts,  where  it  is  generally  voit 
and  woolly,  is  strongly  covered  over  the 
upper  parts  of  the  bo<ly;  and  the  spines 
heru  are  raised  up  and  kept  hrmly  in  that 
erect  position,  wliich  is  the  best  condition 
of  those  spines,  to  serve  as  a  means  of  de* 
fence  to  the  enclosed  animal.  The  onii- 
thorhynciia  seelcs  its  food  in  the  water, 
an  d  its  webbed  feet  indicate  iu  aquatic 
life^  and  the  swimming  movements  both 
of  the  arms  and  legs,  exerting  chiefly  the 
muscles  of  the  humerus  and  the  femur. 
Most  of  the  edentulout  quadnipeds  dig  for 
insect  food  like  tbo  echidna^  and  have 
strong  muscular  short  arms,  with  very 
large  claws,  and  a  lengthened  tapering 
muzzle,  capable  of  being  thrust  into  the 
narrow  crevices  of  rocks  and  trees,  and 
into  the  nests  of  the  insects  they  are  pur- 
suing. Their  neck  is  generally  muscular, 
to  turn  up  the  earth  by  pushing  with  the 
head.  We  observe  the  muscles  of  the 
OS  h}'oif]cs  tn  ])o^<?ps?;  t^rcnt  power  and  ex- 
tent of  motion,  and  the  tongue  itself  to  be 
of- great  length,  flexible^  narrow,  often  cy- 
lindrical, small,  almost  like  a  worm,  co- 
piously lubricated  by  tlic  mucous  secretion 
which  it  affords,  and  thus  serving  as  an 
instrument  of  prehension.  We  olw^e 
that  these  edentulous  animals  arc  gene- 
rally covered  with  dense  scales,  which  are 
Imteicated,  or  placed  ia  tnch  a  way,  that 


when  the  animal  ia  coiled  round  into  a 
baU,  the  delicate  skin  between  the  exte- . 
rior  scales  b  not  exposed,  for  thoee  scales 

are  so  large  and  close  that  they  pass 
over  each  other  tike  the  slatM  on  the 
roof  of  a  house,  and  thus  OOVer  the 
whole  exterior.  When  these  animals  are 
coiled  round  like  a  ball,  they  are  protected 
by  the  scales  covering  the  surface,  and 
sometfanes  hy  sharp  erected  spines  thrown 
up  into  a  perpendicular  and  tense  direc- 
tion like  so  many  sharp  nails,  and  so  as  to 
leave  no  part  of  the  skin  anpratected. 
When  we  examine  this  covering  we  per- 
ceive that  the  panniculus  carnosus  la 
greatly  developed  for  the  forcible  erec- 
tion of  fliese  hard  parts.  It  forms  here 
a  contrast  with  its  condition  beneath  the 
dense  bide  of  the  pachyderma,  for  the 
dense  hide  of  the  pachyderma  requires 
no  sndl  cutaneous  muscle,  as  it  forms  a 
continuous  tough  mantle  over  the  whole 
of  the  animal's  body ;  but  here  that  dense 
covering  is  diWded  into  innumerable 
small  picc-c??,  which  are  moveable  in  the 
highest  degree,  and  which  admit  these 
amroi^  to  coO  themsdves  round  until 
they  are  in  the  shape  of  a  ball,  when  they 
sometimes  allow  themselves  to  roll  down 
acclivities  to  escape  their  pursuers  when 
hard  pressed.  The  animal,  in  a>iling  itself 
up,  draws  in  its  head,  then  its  extremities, 
and  begins  to  roll  up  its  trunk ;  and  the 
posterior  part  <^  the  bod)',  prolonged  into 
a  broad  tail  in  the  mania,  also  folds  round 
and  covers  over  the  wbole  exterior  of  the 
body,  making  it  round  as  a  ball. 

The  muscular  system  of  the  arms  of  the 
sloth  is  remarkable  for  the  languid  mo- 
tions it  exhibits,  and  which  has  been  wit- 
nessed and  described  by  many,  and  attri- 
buted to  the  almost  reptilir  condition  of 
the  blood  sent  thtx)ugh  their  arms  and 
legs.  In  them  the  blood  is  retai'ded  in  its 
passage  to  the  muscles  of  the  arms  and 
legs  by  the  trunks  of  the  brachial  and  fe- 
moral arteries  being  subdivided  into  innu- 
merable minute  anastomosing  yeseele,^ 
which  proceed  around  those  trunks.  Tluis 
the  circulation  appears  retarded  by  an  in- 
creased space  given  for  it  to  move  in,  as 
we  see  in  the  plexuses  on  the  cerebnl  ar- 
teries of  most  animals;  and  this  appears 
to  have  the  effect  of  diminishing  the  irri- 
tairility  of  those  nmsdes  of  the  extremi- 
ties. This  is  no  disadvantage  to  those 
animals,  on  the  contrary,  it  is  a  wise  pro« 
vision,  by  giving  them  that  tenacity  of 
grasp  which  is  so  impMtant  for  animals 
organized  to  feed  upon  that  coarse  kind  of 
vegetable  food  oa  which  we  see  them  to 
subsist,  and  which  th^  obtain  upon  the 
trees  They  are  thus  enabled  to  hang, 
likcthe  tree-frogs,  for  a  long  time  by  asingle, 
arm  upon  a  brandi  of  a  tree,  to  coltoct 
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the  food  tbat  is  wffhia  the  reach  of  their 
long  arms  and  their  long  neck.  Thus  we 
Observe,  that  by  this  languid  ifrltability 
of  the  muscles  ot  thuir  extremities,  they  are 
gifted  with  a  means  of  more  8ecurely«  and 

for  a  loiij^cr  time,  holding  by  the  branches 
from  which  they  are  suspended,  to  collect 
their  leaves,  and  bud«,  and  shoots. 

Among  the  rodent  quadrupeds  we  ob- 
serve many  curious  analogies  with  inferior 
classes  of  animals,  and  particularly  with 
the  next  inferior  class,  the  dast  of  birds ; 
those  we  see  in  the  skeleton,  in  the  ner- 
vous system,  and  in  many  other  parts,  even 
In  the  glandular  system.  Now  it  is  remork- 
ablc  to  observe  tbat  there  is  even  some 
afliuity  in  the  living  ])ropcrtic«f,  and  the 
general  condition  and  forms,  of  the  mus- 
cular system.  The  pterygoid  muscles,  so 
large  and  important  in  the  feathered 
tribes,  act  here  powerfully  on  the  lower 
law,  in  giving  it  the  horizontal  motion  we 
have  already  seen  to  be  l;u>;e  also  in  birds, 
and  to  correspond , with  the  magnitude  of 
the  pterygoid  bones  or  processes  of  the 
Sphenoid  bone.   Those  muscles  act  in  the 
lodentia  also,  not  only  with  considerable 
force,  but  with  great  velocity.   There  is 
scarcely  a  quadruped  in  any  other  order 
which  can  be  compnred,  for  tlie  A  clocity 
of  all  its  miucular  motions,  with  those 
of  the  order  rodentia.   You  can  scarcely, 
with  the  eye,  follow  the  rapid  motions  of 
the  lower  jaw  in  the  rodentia.    While  it  is 
filing  down  some  hard  substance,  it  re- 
minds us  almost  of  some  of  the  viln^tile 
cilia  of  the  water-brcathin^^  classes  of  in- 
ferior animals.   Tiiis  velocity  of  motion 
(and  it  H  accompanied  ^dth  strength)  we 
nnd  to  be  common  to  them  with  many  of 
the  movements  of  birds.    Wo  «oo  the  flut- 
tering ot  the  wings  of  tlie  immining-bird, ! 
Ihr  instance,  so  quick  as  to  be  almost  im-  j 
possible  to  follow  it.    The  humming-bird  i 
suspends  itself  in  the  air  over  the  open 
flowers,  with  its  long  slender  tubular 
beak  insinuated  into  the  flower.  And 
cbverincT,  with  their  ohininp;  myriads,  like 
polished  metal  or  precious  gems,  some 
of  the  tropical  woods  in  South  America, 
where  they  chiefly  occur,  yon  would  sup- 
pose they  were  hung  with  a  string  above 
tiie  flowers;  for  they  do  not  grasp  the 
flowers — no  part  of  them  touches  the 
flowers  but  the  extremity  of  their  long 
cui'vcd  beak.   When  you  approach  them 
jrou  see  their  little  wings  in  a  rapid 
and  continued  vibration,  and  they  are 
thus  engaged  over  the  flower  in  suck- 
ing the  honey  from  Its  interior.  Now, 
the   rapid   motion  I   alhulc*  to  we  sec 
again  in  the  muscular  motions  of  the  in- 
sect tribes, — a  remarkable  analogy  with 
the  muscular  properto  in  birds  and  ro- 
itent  ^ladrnpMt* 


We  observe  in  these  roda&tia,  as  fai 

the  inferior  classes  also,  that  the  respi- 
ratory organs  are  proportionally  lai|^. 
Their  large  muscles  arc  often  very  white, 
like  those  of  the  birds,  which  little  exert 
them,  and  have  less  blood  consequently 
sent  through  them.  Many  of  the  ro- 
dent quadrupeds  are  digging  animals,  dig* 
ging  for  their  food,  or  for  safety  iiiulef 
pronnd.  This  digging  motion  requires 
them  to  move  forcibly  and  quickly  the 
fore-anus  and  the  hands  from  before  back* 
w  ards,  a  motion  which  calls  into  play  vpry 
powerfully  the  muscles  of  the  shoulders 
and  of  the  wrists,  and  especially  the  pec- 
toral and  the  deltoid  muscles.  The  pec- 
toral and  the  deltoid  muscles  are  those 
which  we  observe  here  developed  to  a 
great  extent,  as  they  are  developed  in  the 
birds,  to  move  the  hnmerus,  to  bring  down 
the  wing,  and  raise  the  inflated  carcass  of 
the  bird,  like  a  balloon,  into  the  atmo- 
S])hcre ;  thus  v  c  sec  tho<?c  muscles  of  the 
arms  large  in  many  of  the  burrowing  ro- 
dentia. Even  the  vital  and  physical  pro^ 
pcrties  wc  observe  to  vary  remarkably  in 
the  muscles  of  rodent  quadrupeds,  as  they 
do  in  the  muscles  of  birds. 

In  the  marsupialla  we  observe  animals 
I>ossessing  vrry  different  Hvinp  characters, 
and  differing  altogether  in  their  kinds  of 
food  and  their  whole  habits.  In  the  car- 
nivorous species,  as  the  dasyuri,  we  per* 
ccive  altogether  the  muscular  develop- 
ment for  the  motion  of  the  lower  jaw,  for 
the  claws  and  feet,  for  the  aims  and  trunks 
and  the  whole  frame,  which  wc  sec  in  the 
true  caiiiivorous  order  of  higher  quadru- 
peds. We  have  burrowing  forms  in  the 
womba(»,  flying  species  in  the  petauH, 
cUmbin^^  «pocies  with  prehensile  tails  in  the 
opossums,  bci  aping  insectivorous  quadru* 
peds  in  the  ;;eram«/M,  and  jerboa,— fovms 
almost  ruminating,  in  the  kangarooa.  But 
the  muscular  apparatus  of  the  pouch  and 
of  the  mammary  glands  and  the  nipples, 
is  common  to  the  order.  "We  observe  the 
l>ouch  to  be  embraced  externally  by  the 
punniculus  camosus  of  the  abdomen,  the 
muscular  fibres  of  which  serve,  by  their 
extension  over  the  abdomen  and  the  poncli 
to  the  symphysis  pubis,  to  contract  that 
cavity  so  as  to  embrace  the  newly-received 
young,  and  to  preserve  them  while  they 
arc  suckling.  The  two  marsupial  bones 
which  we  have  seen,  are  in  close  connexion 
with  the  exterior  portion  of  the  recti 
muscle?  of  the  abdomen,  as  they  are  also 
in  the  monotrema,  and  are,  therefore,  en- 
tirely behind  the  poetsrior  layer  of  the 
integument  of  the  pouch  and  the  mam- 
mary organs.  This  muscular  apparatus 
of  the  pouch  of  themarsapialia  is  exterior 
to  that  which  Is  destined  for  the  compres- 
stoa  qjf  the  wmviMSf  iNkds^       for  the 
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compression  of  the  duct»  of  tUe  ulpiiles. 
Iliose  anituals  have  the  mammary  glands 
l)iac  od  along  oach  aide  of  the  median  phmc 
within  the  pouch,  and  exteiior  to  the  recti 
abdominis. 

There  arc  distinct  muscular  fasciculi, 
which  arc  a^iprupriat^^d  to  embrace  and 
ix>mprcs8  the  uiaimnary  glands,  and  others 
■Mwe  delicate,  destioM  to  force  the  milk 
from  their  ducts  into  the  nipples  and  into 
the  mouth  of  the  abortive  fa'tuses,  and 
flivt  to  extend  also  the  nipples  fitym  their 
^rdinarv  retracted  condition.  The  kan- 
garoos have  the  coccygeal  vertebra:  much 
prolonged,  and  poweiful,  and  accompa- 
nied by  muscles  for  their  motion,  so  strong 
M  to  bear  the  whole  weight  of  the  body, 
■nde\'eu  to  force  the  body  forwai  d^s  by  the 
tafl,  «•  by  a  fifth  extremity,  acsisdng  in 
every  leap.  We  observe  the  power  and 
flexibility  of  tiuU  organ  in  the  opobsum 
to  be  such,  that  Ibe  animal  is  cmble 
of  twining  it  round  the  branches  of  trees, 
and,  by  its  strong  muscular  apparatus,  of 
luspending  itself  from  rhose  brunchei*,  and 
thus  defending  itself  from  injuries  by  the 
free  use  of  its  hands  and  feet,  like  an  ate1e$. 
The  young  animals  also  make  use  of  that 
fleiciUe  musctdar  organ  for  twining  round 
the  tail  of  the  parent,  in  order  to  be  car- 
ried aloft  upon  the  trees,  to  escape  from 
danger,  grasping  the  fur  of  the  parent's 
hack  with  their  hands  end  their  renuurk- 
*ble  prehen^^ilc  fet  t. 

In  the  carnivorous  uuadrupeds  wc  ob- 
tmit  the  whole  disposinon  and  properties 
of  the  n)ir?(  tilar  system  to  diflTer  much 
from  those  of  the  more  tuuid  and  dcfence- 
Ipss  hcrbiyorous  auimals.  All  their  mus- 
oolar  or^»s  ue  more  perfiectly  developed 
and  more  |K>werful  than  wo  find  them 
among  the  ruminating  and  other  herbivo- 
rous mammalia.  We  observe  this  both  in 
the  increased  vascularity  of  the  muscles, 
«Ad  their  high  degree  of  irritability,  and 
their  grefti  raroe,  strength,  and  magnitude, 
in  many  parts  of  the  body.  Wo  observe, 
frwy  the  subdivided  form  of  the  extremi- 
ties, that  the  musculai'  apparatiis  tliere  is 
necessarily  more  complex  also,  than  it  Is 
in  the  ruminating  quadrupeds,  where  two 
tpes  only  reach  the  ground,  The  bead  of 
tbe'psmivQrotts  ifiiMirapeds,  especially  of 
the  numerous  fehne  species,  is,  for  the 
most  fiart,  short  and  truncated,  and  the 
temporal  and  masseter  muscles  thus  act 
with  greater  force  jua4  effect  vpon  the 
short  jaws,  so  as  to  comi)rcs9  them  with 
vigour,  and  break  the  hard  bonos  or  otlier  J 
■^st«ftoei  phioed  between  them.  Hie  I 
miiscles  inserted  into  the  lips,  and  those' 
connected  with  the  concha  of  the  ear  and 
with  the  eyeball,  are  liere  powerfally  de- 
Vfdpped.  The  levator  of  the  angle  of  the 
nof^  ftnd  of  ttie        of  tbe  vm&^  ^ 


largely  developed  \  and  the  zvgonmtlc,  the 
ormcular  musdes  of  tlie  momh  and  of  the 

eyoB,  the  pterygoid,  the  temporal,  and  the 
buccinator  muscle^  as  well  as  the  masse* 
ter  muscles,  are  siu  ttronglv  marked  ftnd 

powerfully  developed,  so  that  these  ani- 
uiaJs  have  the  means  of  readily  uncover- 
ing their  large  tusks  completely,  and 
thereby  preventing  injury  to  the  lips  in 
seizing  their  prey,  and  to  produce  by  the 
exposure  of  these  tusks  au  intimidating 
eflect  upon  their  i)rey,  by  that  snariin|f 
appearance  and  ferocious  expression  of 
the  face  which  we  see  in  most  of  the 
carnivoi-ous  animals  npon  being  irritated^ 
or  when  about  to  attack  their  prey. 

The  muscles  of  the  neck,  which  con- 
nect the  head  of  carnivorous  quaUrupe<}8 
with  the  trunk,  are  also  powerfol  saA 
strong:,  fo  caiTV  their  pre y,  or  tear  its  flesh 
from  the  bones*   Wc  observe  all  the  pec- 
toral and  scapular  muscles  to  be  large, 
corresponding  with  the  great  thoracic 
cavity,  and  the  extent  of  the  motions  of 
the  scapula  upon  the<ribs.   The  whole  of 
the  muscles  of  the  anterior  extremities  art 
remarkable  for  their  strength,  and  corre- 
spond with  the  use  made  of  those  extre- 
mities In  striking  down  Uieir  prey,  fai 
grasping;  it,  and  in  holding  it  down,  to 
destroyed  or  divided.   This  seizing  of  the 
prey,  and  carrying  it  to  caves  to  be  con- 
sumed at  leisure,  requires  that  the  mus- 
cles of  the  neck  should  be  powerful  and 
strong,  and  likewise  Aose  of  the  whole 
fore  part  of  ^e  body.  The  recti  mnaclet 
of  the  abdomen,  which  have  comparatively 
a  limited  extent  in  herbivorous  animals  and 
In  the  human  body,  here  pass  forwards 
to  the  anterior  part  of  the  sternnn  ttii 
the  first  pair  of  ribs,  thus  gi\  ing  greater 
power  in  l>endiug  the  trunk  of  the  body 
forwards,  when  hrlnging  down  their  fore^ 
arms  to  strike  their  pi-ey.    The  muscles 
of  the  legs  are  strong  and  powcrAd,  and 
wc  perceive  tiiem  capable  of  springing  to 
a  considering  heis^t  npon  their  prey  from 
their  lurking  places.    The  muscles  by 
which  their  claws  are  exposed  and  in* 
fleeted,  and  all  their  muscular  appantin 
indeed,  we  observe  to  be  of  great  energy 
and  strength,  ocurre^nding  with  the  high 
development  of  Iheir  reepiratonr  organs^ 
and  of  their  nen'ous  system.    There  ia  § 
considerable  difference  in  the  class  mam- 
malia, in  the  extent  to  which  the  mus- 
cular part  of  the  displirmsi  is  develop* 
ed  from  the  circumferenco  towards  tns 
centre.    It  is  most  devilDood  in  the 
carnivorous  quadmpeds ;  In  neririvoront 
quadrupeds  a  larger  portion  of  the  cen* 
tre  of  the  diaphragm  is  tendinous.  This 
is   important  as  connected  with  the 
greater  power  and  extent  of  contraction 
of  that  minde,  and  H«  fnflnence  in  tho 
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quick  umi  extensive  recplrttion  of  tboee 

carnivorous  animals.  It  is  connected  not 
only  with  their  extensive  respiiation,  but 
iwith  the  whole  muscular  energy  of  their 
tjrsteni,  and  it  ii  connected  with  ^e  distance 
which  there  is  between  the  heart  and  the 
diaphragiD.  The  inferior  cava,  after  yer- 
Ibrftting  tbe  diaphraf^  in  the  hnmaa 
body  and  m  the  higher  quadrumana,  is 
found  to  enter  almost  directly  the  right 
auricle  of  the  heart,  so  that  the  heart  lies 
close  upon  the  diaphragm  $  but  as  you 
pass  down  in  the  quadrumanous  nriiiiials 
to  tbe  muscular  and  ferocious  babouui^ 
you  find  the  distance  iacfeaaes  by  the 
lengthening  of  the  inferior  cava  above  thr 
diaphragm.  Now  this  you  observe  to  give 
rise  to  a  greater  freedom  in  the  action  of 
ttM  dHaphragin,  and  cspeciallj  where  it  is 
most  required,  in  those  powerful  animals 
the  carnivorous  quadrupeds.  We  see  it 
in  tibem  often  acting  wiih  great  naAdlty 
and  force,  without  interrupting  or  l^furbig 
the  free  tootion  of  tlie  heart. 

Among  the  iniedivoroiu  qoadrapcds, 
we  observe  the  hedgehogs  covered  ex- 
tornally  with  spines  like  those  of  the 
echidna,  and  analogous  to  the  scales 
which  we  see  covering  the  armadillos,  and 
to  the  manes  or  quills  of  tho  ])orcui)ine. 
Kow  in  tbe  hedgehog  the  pauniculuii 
caniosOT  Is  as  large  for  the  mtlk  of  the 
animal  as  it  is  in  any  other  quadruped.  It 
covers,  like  a  inantlc,  the  whole  of  the 
upper  part  of  the  trunk,  and  around  its 
circumference  there  are  circular  fasciculi 
of  fibres  which  act  like  a  sphincter  muscle 
when  the  parts  are  inclosed.  When  the 
animal  withdraws  Its  head  its  extremities 
and  its  tnil  rlose  under  the  abdomen,  the 

8anniculus  carnosus,  thus  drawn  towards 
10  whole  fore  part  tiie  body,  is  con- 
tracted in  front  by  means  of  the  strong 
marginal  sphincter  band ;  so  that  all  its 
parts  arc  inclosed  as  ia  a  spiny  purse.  It 
is  by  the  action  chiefly  of  the  numerous 
dorsal  fasciculi  radiating  from  this  pnn- 
niculiis  carnosusi  that  the  animal  uncoib 
Itself,  because  the  pannlcidns  camosuB 
acts  by  detached  portions  on  the  head,  on 
the  back  part  of  the  trunk,  on  tbe  skin  ; 
and  this  spiny  mantle  appears  to  be  con- 
nected with  all  the  living  conditions  of 
ih"  hedgehog,  and  also  with  its  hyber- 
nating  habits.  Animals  which  burrow  in 
the  earth  Kke  the  mole^  have  a  more 
equable  temperature,  as  wo  know  the 
temperature  to  be  more  equable  imder  the 
ground  or  under  the  water  than  it  is  upon 
the  surface.  The  mole  also  finds  a  con- 
tinual supply  of  food,  in  w  inter  as  well  as 
summer,  under  the  grovmd,  in  the  worms, 
or  the  larrae  of  Insects  which  survive  se- 
veral summers  and  w  inters,  and  in  the 
roots  of  planta.  Insects  arc  then  in  tWa 


caterpillar  state,  wbSA  ^ktf  preserve  for 

years,  alike  during  summer  and  winter. 
Insects,  indeed,  pass  the  grcntor  part  of 
^  their  life  in  this  voracious  and  destructive 
I  worm  state,  they  only  assume  the  perfect 
,  imago  state  for  a  moment,  to  propBgatc 
'  and  to  perish.   The  mole  requires,  there- 
'fore,  no  particular  provision  fcnr  hyber* 
nating,  till  its  food  returns  in  spring.  But 
tbehedgehog  lives  mostly  upon  the  surface 
of  the  ground,  and  gets  its  food  in  the 
!  forests  among  tbe  roots  of  trees,  and 
the  rrovif  f's  of  rockf,  or  the  Iwnks  of 
I  waters.    VV  hcu  the  cold  winter  sets  in, 
1  and  the  aaimid  becomes  numbed,  lis  re- 
spiration is  for  long  intervals  suspended, 
land  its  functions  are  performed  with  great 
languor;  its  insect  food  is  gone,  and  it 
I  shiinks  under  some  rock  or  among  roots 
;  of  trees.    We  however  observe  that  it 
)  does  not  burrow  uuder  the  ground  like  a 
mol<^  oflierwise  it  would  require  no  hi- 
bernating habits  for  its  winter  protection ; 
\  but  it  coils  itself  up  into  a  ball,  is  ob- 
served to  creep  into  collections  of  teftvet 
^  or  some  such  matter,  perhaps,  to  roll  itself 
!  up  between  two  rocks  or  among  the  frag- 
I  ments  of  branches  of  trees,  and  thus  to 
I  pass  in  that  protected  state  the  severest 
months  of  winter,  with  it?  rrccted  spines 
covered  over  with  adhering  leaves  or 
grass,  or  other  bodies  whidi  servft  fbrth«r' 
to  conceal  it.   The  arms  and  ban  !-  of  the 
moles,  in  all  their  solid  parte,  and  in  their 
muscular  apiiaratus,  are  the  most  perfect 
digging  instruments  presented  by  animals, 
an<l  from  the  advanced  position  in  which 
the  humeri  are  fixed,  by  the  clavicles,  al- 
most under  the  head,  all  the  adductof 
muscles  of  tho  arms,  which  are  principally 
exercised  in  digging,  act  with  double  ad- 
vantage and  force. 

The  ekeiropiei  a  are  quadrupeds  with  the 
arms  organized- for  flight,  and  as  mo»^t  of 
them  are  predaceous,  we  observe  those 
musdes  to  oe  most  |»owerful,  which  mov^ 
the  humerus  and  which  elevate  the  loWer 
jaw.  Their  head  approaches  often  close- 
ly to  tiiat  of  carnivorous  animals.  The 
muscles  disposed  around  the  mouth,  and 
those  of  the  jaws,  are  here  strong  and 
well  marked.  The  muscles  of  the  nose 
also,  and  J)«qnently  the  muscles  of  the 
eare,  the  muscular  apparatus  of  the  chest, 
connected  behind  with  the  exterior  and 
iutoter  surlhoe  of  tiie  sca[>uls,  and  WiA 
the  whole  anterior  part  of  the  thoillx, 
arc  large  and  powerful  in  the  bats.  The 
muscles  of  flight  act  chiefly  upon  tht  hu- 
merus, a  comparatively  strong  bone.  The 
flexors  of  the  wrisc  ar.d  fingers  send  down 
their  tendons  long  and  thin,  so  as  to  lighten 
as  mudh  as  possible  the  distal  eKtremiti^e 
of  their  extremely  lengthened  hanrls,  the 

mtucuUuT  i^i^MAtus  Sqs  the  wottous  of  the 
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hands  being  confined  to  the  tipper  part,  or 
mroximnl  extremity,  of  the  arni|  as  in 

The  quadnimanous  animals  cotnc  nearest 
to  man  in  the  general  disposition  of  their  1 
muscular  system,  and,  consequently,  the  j 
exterior  form  and  proportions  of  their, 
body  i  hut  there  are  characters  by  \\hic  h 
their  muscular  system  is  maiked,  as  pecu- 
liarly adapting  them  for  their  active  move- 
ments, and  their  c  linihing  habits.  From  the 
still  lengthened  form  of  the  muzzle  of 
many  of  the  quadrumana,  we  observe 
that  the  muscles  of  the  face  have  a  more 
distant  position  from  each  other,  and  a 
more  lengthened  form;  not  increased  in 
nnmber  here,  or  in  the  lower  orders,  but 
they  are  thus  less  crowded  in  a  small 
•pace,  and  less  capable  of  producing  those 
minttte  modifications  of  expression  on  the 
surface  of  the  face  which  are  i?o  remark - 
aide  in  the  short,  naked,  and  foir  features 
of  the  human  face. 

The  quadrumanotts  animals  ai-e  notdes- 
tincd  for  the  erect  position,  hut  arc  organ- 
ized for  cUmhing  in  a  scmi-crcct  attitude, 
a.  modon  which  requires  them  to  have  a 
power  of  prehension  in  the  posterior  as 
well  as  the  anterior  extremities,  and  which 
requires  the  flexors  to  be  more  consider- 
ably developed  than  the  extensors,  lioth  of 
the  hands  and  feet.  Tluis  \\  c  find  in  them 
sJso  muscular  shoulders  and  nates,  and 
Urge  pectoral  and  pelvic  musdes;  but 
many  of  the  muscles  which  serve  for  the 
extension  of  the  legs  are  much  less  mas- 
sive and  more  lengthened  than  in  man. 
The  glutei  muscles,  so  large  in  the  human 
body,  the  recti  femoris,  the  gastj  nrncniei, 
the  muscles  of  the  nates,  the  thigiis,  and 
the  calft  of  the  legs,  which  are  the  chief 
extensors  of  the  posterior  extremities,  are 
less  developed  and  less  required  in  the 
qoadramana  than  the  ilexors  of  those 
joints.  Some  of  those  animals,  particu- 
larly the  cynocephali,  the  dog-faced 
baboons,  have  their  muscular  organs  \  cr} 
ttnmg  in  the  head  and  extremities ;  tmd 
these  species  possess  a  corresponding  fe- 
rocious disposition  and  untameable  cha- 
racter. We  observe  them  to  have  instincts 
corresponding  with  this  great  muscular 
development — the  instincts  of  animals  al- 
ways accompanying  and  being  adapted  to 
tteir  general  development. 

Now,  the  last  of  all,  and  the  most  sym- 
metrical and  perfect  form,  is  the  human 
body,  in  which  the  muscular  organs  are 
COnstmctcd  to  maintain  the  trutdc  in  an 
erect  posture  on  the  legs,  and  to  give 
every  variety  of  motion  to  the  arms,  to 
the  hands,  and  to  tlic  head.  The  exten- 
sors of  all  the  joints  of  the  legs  are  more 
developed  and  required  than  the  flexors, 

•nd  hence  the  sise  and  rotundity  of  the 


nates,  the  thighs,  and  the  calfs.  The  mus- 
cles of  the  back,  the  extensors  of  the  ver- 
tebral  colnmn,  are  also  proportionally 
strong,  and  the  nniscTcs  on  every  side  of 
the  neck,  to  support  and  move  the  heavy 
head.  The  pectoral  and  scapular  muscles, 
and  all  the  flexors  of  the  arms  and  hands, 
are  proportioned  to  the  endless  diversity 
of  motions  required  in  these  free  pendent 
extremides.  By  the  shortness  of  the  face 
the  ordinary  miiscles  are  confined  to  a 
small  surface,  on  which  their  actions  pro- 
duce impressions  more  varied,  and  more 
visible,  from  the  nakedness,  the  softnciis, 
and  the  generally  light  colour,  of  the  skin. 
The  parts  chiefly  njoved  by  these  muscles 
are  the  angles  of  the  mouth  and  the  eye* 
hrow?.  And  the  motions  of  those  parts 
being  regulated  by  present  sensations,  and 
associated  with  corresponding  conditiona 
of  the  mind,  they  l)ccome  the  chief  seats 
of  human  expression,  and  in  them  we  read 
the  transient  feelings  of  the  mind,  or  the 
habitual  tendency  of  the  passions,  or  the 
inward  workings  of  the  soul. 


AN  KSSAlr  oir 
THE  ATOMIC  THEORY. 
By  John  S.  Hiley,  Eng.,  Suryeon,  Elland, 

Part  I. 

Ever  since  I  became  acquainted  with 
The  Lancet,  now  npwanis  of  five  years 

past,  I  have  taken  a  lively  interest  in  the 
chemical  papers  with  which  iis  pages  were 
from  time  to  time  adorned,  but  during  the 
whole  of  that  period  I  do  not  recollcnit  ever 
seeing  an  essay  on  the  atomic  thcoiy,  an 
acquaintance  witii  which  is  so  necessary 
to  the  medical  student.  It  may  be  said, 
that  the  s'ahject  is  amplycnough  discussed 
in  the  various  class-books  of  that  science 
to  which  students  can  refer.  This  I  ad- 
mit ;  but,  at  the  same  tinie,  I  think  that  a 
jom'ual,  which  appears  to  he  open  to  every 
division  of  medicine,  ought  uot  to  be  de- 
ficient in  asiibject  which  has,  within  these 
last  five-and-twcnty  years,  entirelv  chang- 
ed the  aspect  of  chemistry.  Mox*eover,'  I 
do  not  know  that  I  ever  met  with  a  book 
or  ])npr  r  in  which  the  laws  of  the  atomic 
theory  were  so  fiUly  developed  as  to  be 
perfectly  comprehensiv  e  hy  the  mass  of 
medical  students.  ■  Of  course,  if  they 
imssessed  the  means  of  referring  to  every 
locdiueut  on  the  subject,  they  might 
Ikct  all  the  necessary  information, 
but  tills  is  not  in  every  one's  i»ower;  and 
i  believe  that  no  person  ever  felt  tlie  want 
to  which  I  refer  more  than  myself.   It  is 
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LECTURE  XXXVL 

ON  THB  NERVOUS  BY8TSH  OP  TKR  RADl- 
ATiCD  AtfO  HBtiHINTHOID  CLASSES. 

The  nervous  system  CDmmunicates  to 
the  muscies  their  energy  of  action,  and 
by  its  extensive  dntribtttton  and  its  sen- 
sitive  propertiet)  ic  establishes  an  instan- 
taneous communication  between  nil  ]);irt5 
ot  tiie  body— indeed  it  is  by  this  syaceiu 
Hiat  animals  are  connected  witb  outward 
nature,  and  there  U  no  part  of  their  ceo- 
ooiny  the  condition  of  wbicli  is  more  in- 
dilative  tban  this  of  tbe  condition  of  tbe 
whole,  and  of  the  f^radc  which  an  animal 
occupies  in  the  ''cale.  The  nervous  sys- 
tem is  present  in  every  division  of  the 
animal  kingdom,  and  has  been  detected  in 
almost  every  class.  It  is  everywhere  con- 
nected « ith  sensation  and  motion,  and  its 
general  form  corresponds  with  the  form  of 
the  body,  bein^^  short  and  circular  in  the 
short  round  bodies  of  the  radiated  and 
molluscous  animals,  and  having  an  ex- 
tended form  in  the  lengthened  trunk.n  of 
the  articnlatinl  animals  and  the  vprtel>rata. 
It  consists  of  white-coloured  opaque  glo- 
bular particles,  enclosed  in  very  minute 
tubular  aheath^,  formed  of  condensed  cel- 
lular tissue  i  RoU  these  extremely  miaute 
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tubular  filaments,  filled  with  soft  globule^;, 
unite  into  fasciculi,  without  anywhere 
anastomosing,  and  they  aie  developed 
from  the  peripberyof  ue  body  towards 
the  centre.  These  filamenta  appear  to 
terminate  in  the  cinericious  substance  of 
ganglia,  or  to  retum  from  fliat  substance 
with  different  properties,  and  they  com- 
pose by  their  aggr^ations  the  nerves  of 
the  body,  and  we  wbole  spino^^rebral 
axis  of  the  vertebrata.  We  perceive  great 
regularity  and  a  unity  of  plan  in  the  de- 
velopment of  this  system,  whether  we  ex- 
amine its  successive  stages  of  formation 
in  the  same  individual  at  different  periods 
of  life,  or  trace  the  phases  of  its  develop* 
ment  in  the  great  body  of  tiM  aninud 
kingdom. 

Almost  all  the  known  genera  of  jt;o/y- 
gagtric  animalcules  possess  eyes,  generally 
of  a  reddish  colour,  sometimes  two,  onited 
together  on  the  median  plane,  like  a  mo- 
noculu^t  most  IVei^uently  the  two  separate 
from  each  other,  and  cases  of  monstrosity 
in  these  animals  have  been  seen  with  three. 
Tlioy  are  seen  oven  in  the  monads,  and  I 
have  shown  long  since  that  the  cercarite  arc 
highly  sensible  to  Ught,  liice  bydrae^  niedn- 
sae,  actiniae,  and  othci-  si]p;>o?<ff!  nerveless 
animals.  These  auimais  are  found  to  pos- 
sess an  acute  sense  of  taste,  they  disUn- 
goisbtpurstt^  and  seize  their  prey,  the/ 
avoid  impin(?in^  on  o;ich  other  while  swim- 
ming crowded  ill  a  drop  oi  water,  they  con- 
tract and  bemi  their  body  inevery  direction^ 
they  int  i  case,  or  retard,  or  cease  at  pler- 
sure,  their  pt'ogressive  motion  and  tbe 
vibration  of  their  cilia,  like  the  gangliated 
and  muscular  rotifcrous  animalcules.  Yet 
a  nervous  filament  has  not  been  detected 
in  the  transparent  microscopic  bodies  of 
the  polygastrica.  All  their  movcmenti 
ajjpear  to  be  as  regular, method  iea!.  spon- 
taneous, and  well-directed,  as  those  of 
many  higher  classes  of  swimming  ani* 
mals.  They  never  appear  like  particles 
of  dust,  driven  to  and  iro  in  the  water  by 
I  currents  or  other  mechanical  agency,  and 
they  will  probably  be  found  to  have  a 
'  nervous  system,  a  rudiment  of  that  of  the 
i  rotif era,  aud  form  the  root  of  the  heimiof* 
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tltoid  divbion  of  the  animal  kingdom,  i  influence  or  intensity  of  light  to  the  most 
The  cercaritp  virides  I  have  found  to  be, '  suitable  place  for  the  fixing  and  growth  of 
like  the  Aydra,  food  of  light,  and  always  each  species 


to  Bccnmulate  on  the  lighted  side  of  a 

vessel  of  water  as  often  as  the  position  of 
the  vessel  is  changed,  nnd  they  are  often 
found  accumulated  as  a  green  dim  on  the 
•outh  side  of  our  pools  of  fi  esh  water  in 
summer,  the  side  next  to  the  light  at  noon. 
The  possession  of  a  single  eye  on  the  roe> 
dian  plane  in  many  of  tbete  etreartm  and 


The  seliaja  reiembles  a  large  detached 

polypus  of  a  caryophylUa,  or  of  a  mean- 
drhtf!,  nnd  ft  is  ^PTicrnlly  considered  to  be 
hkc  il.e  hydra,  a  detached  polypus  of  a 
zoophyte,  and  placed  among  the  polypi' 
fefovs  animals.  Its  nerves  were  de- 
suribcd  and  figured  by  Spjx  neaiiy  thirty 
years  ago.  They  conffntofftkment»wklc& 


other  ])oIygastric  auiroalcules,  and  in  many  i  surround  the  base  of  the  foot^  and  Iiavuig 
of  the  entoniostracous  crustaceous  ani- !  minute  ganglia  in  their  course,  from  which 
inals,  composed  of  the  half  of  the  right,  nerves  pass  out  chiefly  to  the  circura- 
eye  joined  to  the  half  of  the  left,  shows  fercnce  and  to  the  muscular  parts,  which 
that  the«5e  sini])lc  anitnals  present  as  a  here  pos<?ess  grent  power  of  contraction, 
normal  character  of  this  organ,  what  we  j  1  have  caused  the  common  actinia  cra9' 
frequently  fftid  as  a  monstrosity  in  the  |  sfeorais  to  lift  a  basin nf  sea* water,  weigh* 


higher  animals  and  in  man 

In  the  jsoft  pelatinous  bodies  of  the 
poriferovg  animals,  composed  of  simple 
."i^alar  tissne,  no  nenrons  filaments  bare 
ev4flr  been  detected,  nor  i-*  ir  j>robable, 
frdtn  analogy,  or  from  the  general  struc- 
•tare  and  living  i^ienofBCiia  of  these  ani- 
mals, that  they  possess  a  nervous  system 
as  a  ce  ntre  of  reference  for  all  external 


ing  more  than  six  poimds,  by  making  it 
swallow  forcibly  the  perforated  shell  of  a 
p  jrpura  lapillua,  through  the  perforation 
of  which  a  chord  was  passed.  By  th0 
chord  the  basin  v.:is  lifted  without  the 
actiuia  quitting  its  hold,  either  of  the  shell 
in  ks  contracted  stomaob,  er  the  ba^  at- 
tached to  its  niuscnlar  and  highly  sensible 
loot.  The  sphincter  muscle  around  the  iip- 


impressions,  or  to  direct  those  imi*crcep- 1  per  part  of  this  animal  is  of  great  size  and 
tible  movements  on  all  pohifs  flf  the  body,  |  power,  to  prevent  the  escape  flf  Its  yrqr 
by  which  tlic  cn^r^nts  are  conveyed  in- 
wards through  the  superficial  pores.  Their 
nervous  globules,  like  tbe  muscular,  are 


tliffused  througb  every  part  of  the  homo 
geneous  ccUniar  tissue  of  the  body,  which 
possesses  the  same  jn-operties  in  every 

']Mir^  and  is  indefinitely  divisible  without 
ae^troying  its  vitality.  Their  ciliated  gem- 
mules,  however,  axe  endowed  with  re- 
markable living  properties,  and  poirers  rtf 
spontaneotis  inotion.  They  have  an  ob- 
vioiis  object  in  their  mntlons,  they  can 
fccclerate,  retard,  or  cease,  at  pleasure, 

♦the  vibrations  of  their  cilia,  the^  can 

'Change  the  direction  of  their  cftnr«e  in  the 
water,  perceive  each  other's  vicinity,  re* 

'l^lve  rotmd  each  other,  distifigotsh  tbe 
mn'^t  sinta?)Ie  place  for  the  fixing  of  each 
flpccic,  or  bound  forward  suddenly  from 
a  state  of  rest.  A  single  gemmule  vibrates 

Imore  than  a  tbousand  visible  cilia,  and 
with      mnch  precision  and  effect  ns-  a 

-vibrio  or  a  vorticella}  yet  these  gemmules 
ischitaln  no  visible  fibr^  and  kre  composed 
of  the  same  soft  granular  or  cellular  mat- 
ter as  the  adult  animal,  and  they  already 

?)resent  several  spiculie  developed  in  their 
nterior.  They  appear  in  this  state  of 
freedom  and  activity  to  be  sensible  to 
light  and  to  shun  it,  as  I  have  found  them 
to  accumulate,  flx,  atid  grow,  most  gene- 
rally on  the  dai  ke^t  or  most  Shaded  part 
of  the  vessel  in  \vhich  they  were  placed. 
Indeed  there  can  be  little  doubt  that  the 
gemmtdes  of  poriftrous  anhnals  and  of 
iMOpiijrtM  an  principally  goidtd  by  the 


\',hcn  seized.    Its  perpendicular  muscles 
are  alsio  of  great  strength,  disposed 
vertical  partitions  between  tile  ovarilw.  I 

have  found  the  actinia?  to  be  sensible  to 
light,  find  to  shun  it,  collecting  and  resting 
on  the  darkest  and  most  shaded  part  of 
vessels  of.  Vater  in  which  they  were  kept. 
They  generally  seek  dark  and  concealed 
places  in  the  sea,  and  these  signs  df 
aversion,  or  of  attachment  tb  light  III  a 
state  of  confinement,  generally  correspbiid 
with  the  livirig  habits  of  the  species  ift 
tlie  poviferous  an<l  polypiferous  aiilnials. 
Tiie  /n/(h  a,  like  the  cercmim^  seeks  tbo 

light,  ami  is,   tliercforp,  genrrn'ly  found 

attached  to  the  little  stalks  ol  tbe  iemnm, 
wUch  float  with  their  expanded  leaves -ott 

the  surface  of  stagnant  pools.  By  this 
position  it  is  best  able  to  hang  down  and 
move  with  freedom  its  long  tentactda  in 
search  of  little  anndidea  swinnawg 
thrn^nh  the  water.  The  polypns  of  a 
fmyia  a§ari^fbmdi  is  single,  and  rises 
from  the  central  oavitf ,  Uke  a  large  «>« 
tinia,  the  polypus  of  the  caryophyilin  cya* 
thus  i?  al^o  si  riffle,  and  like  an  actinia 
which  has  formed  lor  itself  a  calcareous 
cell.  These  large  isolated  polypi, 
isolated  cells,  re.scmble  the  nctinitr  very 
closely  in  form,  structure,  and  habits,  aai 
have  probably  the  rtadiments  of  the  sami 
form  of  nervous  system.  But  these  iso-* 
lated  jinlypi  agree  most  closelj'  in  size, 
form,  aud  structure,  with  those  of  the  ra* 
mified  cary^pAyMfci^  the  pondooiis 
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compound  zoophytes^  so  tiM  U  10  not 
probable  that  a  system  so  impoi^nt  and 
general  in  its  iailuence  could  exisc  ia  oue 
of  all  these  £91018^  and  not  in  aiiot]i«r.  so 

closely  allied  in  every  respect. 
In  the  accUepha  we  perceive  anliuals  of 


entrance  to  tlUfl  digestive  esrityi  At  re« 

gular  distances  there  arc  seen  around  this 
ncrvoii!^  circle  minute  enlargements  o? 
ganglia,  from  wbfch  nervous  fibunentt  ex* 
tend  to  the  sides  of  the  stomacli  and  to  th^ 
divisions  of  the  body.    Those  radiating 


«re»t  size»  swlmining  freely  through  the;  nervous  filaments  passing  to  the  rays  of 
soa  hv  the  ir  own  exertions,  possessing  a  I  the  a«/€ria*,  are  observed  to  pasa  one frolu 


complicated  digestive  af»paratns,  extend 
jng  through  the  body,  and  having  for  the 
most  part  numerous  long  tentacnla,  ex- 

•cinisitely  sensitive  and  contractile.  Thcv 


each  ganglion  in  a  straight  line  along  the 
middle  tUvisioii  of  each  part  of  the  body, 
which  in  the  diagram  before  you.  Is  rap* 

posed  to  be  divided  only  into  five  rays,  as 


occur  associated  in  great  numbers,  they  1  it  is  in  most  of  the  specie's.  Sometimes'th'ere 
peiie  and  digest  living  prey,  and  they  ap-  j  are  as  mau)'  as  sixte.;ii  divisions  or  more 
4)car  to  be  sensible  to  light,  which  they  i  of  the  body  in  the  commoa  M#m*M  pup- 
shun,  by  directing  their  course  downwards ';;(/.¥«,  in  which  rn-'e  there  areas  many 
■when  they  have  been  atlected  by  it.  Frotn  nervous  filanienta  given  out  from  around 
the  softncijs  and  trmparenoy  of  their  the  oral  nervous  ring.  But  besidea  tboie 
lw;!ics,  the  light  may  penetrate  and  pass  five  distinct  filaments  sent,  one  from  eaoft 
.ti»rough  every  part  of  their  delicate  tex- ;  ganglion,  to  the  five  rays,  other  two 


ture,  and  affect  them  with  sensations  of 

touch,  though  not  with  visual  impressions. 
In  the  larger  meduste  the  pul^intions  of  the 
piantle  arc  slow  and  regular,  and  in  these 
no  nervous  system  lias  yet  been  perceived 
X)r  des'Tihed,  The  p/n/sa/iu  quickly  de- 
^esscs  Its  crest  and  escapes  when 
jaianoed.  In  the  minute  equorciHy  the 
.movements  are  most  lively,  the  oontrac- 
Xions  of  the  mantle  are  quick,  strong,  and 
irregular,  and  the  teutacida  winch  bind 
its  margin  are  highly  sensitive  and  con- 
'tractile;  their  gemmules  I  have  found  to 
..he  ciliated  on  the  surface,  and  to  move 
spontaneously  like 'those  zoophyte 


nervous  filaments  are  observed  to  pass 
from  each  of  those  ganglia,  vrhich  filopc 

menf"  nr(>  confined  to  the  central  part  of 
the  body,  and  do  not  pass  on  to  the  dt« 
visions  or  rajra  of  the  body. 

This  circular  disposition  of  the  nervous 
filaments  seen  in  the  acalepha  and  the 
ecbinoderina,  seems  to  be  the  lowest  form 
of  that  system  met  with  in  the  animal 
kingdom,— a  simple  circle  of  nervous  fila- 
ments around  the  entrance  of  the  aliment* 
ary  caaaL  This  iirit  or  lowest  condition 
of  the  nervous  system,  with  its  central 
part,  placed  near  the  mouth  so  as  to  watch 
.  .  over  the  kmd  of  substances  tl»at  are  con- 
fhc  tentacula  of  heroe  are  also  exquisitely  |  veyed  uito  the  alimentary  canri,  we  can 


sensible  and  irritable,  and  this  animal  can 
;movo  its  large  fiu-like  cilia,  with  iridescent 
.hues,  in  different  directions  and  with  dif- 
.fcrent  degrees  of  velocity,  at  pleasure.  It 
.can  dart  out  or  retract  its  tentacula  with 
jpreat  qoiclcness,  extend  or  retract  its  oral 


trace  with  t-ertain  morli fixations  through 
all  the  succeeding  forms  of  the  nervous 
system,  to  that  <^  man  himself.  We  see 

this  character  of  the  nervous  system 

throughout  the  nvticnlated  and  mollus- 
cous classes  oi  aniaml!^  •■,  thus  the  accumi|- 


lips,  and  move  its  body  \n  every  direction,  I  latiott  and  concentration  of  the  nervons 
jiud    w;th    either    extremity    forward. '  systen  ^--a  . 


Around  the  oral  extremity  of  the  body 
in  the  berM  films  [Fip.         page  264, 
Vol.  II),  is  seen  a  doiiV'f  c  ircular  nervous 
.filament^  which  sends  oil  minuter  filaments 
,|n  each  of  the  spaces  between  the  eight 
.longitudinal  bands  of  cilia.   These  eight 
points  from  which  the  longitudinal  til  Fi- 
gments come  oU' present  minute  ganglionic 
.enlargemeDts,  like  those  s^en  on  the  circu- 
.  lar  oral  nervous  chord  of  an  asterias. 

In  the  eehimderma  the  cellular  tissue 
•  is  more  consisteuti  the  muscular  fibres  are 
.  more  dij^tinct,  and  nervous  filaments  have 
been  long  know  n  to  exist  in  several  of  the 
;  species  <.f  this  class.    The  asterias,  like 
•,tlw  actinia,  has  but  one  opening  into  the 
,  alimentary  canal,  placed  in  the  reiUre  of 
the  lower  part  of  the  body.   Around  this 
stomach,  which  has  but  a  tingle  aperture, 
a  distinct  nervous  choi*d  is  seen,  white  and 
t  ^mtM^         tosm  %  cir«l«  around  l^e 


stem  are  chiefly  at  the  anterior  part  of 
the  body,  upon  or  around  the  oesophagus. 
We  see  that  that  supra-oesophageal  part 
of  the  nervous  system  in  the  vertebrated 
animals  is  enormously  de\  elopcd,  and.  m 
all  animals  where  there  are  numeroya 
complicated  and  large  organs  of  the  smse^ 
it  i<  phi  (1  in  the  vicinity  of  the  entrance 
ot  the  alimentary  canal,  to  attain  a  know- 
ledge of  an  the  properties  of  the  exterior 
substances  which  surround  them,  that 
they  may  be  a'slo  to  distinguish  what  is 
hurttul  Irom  wiiat  is  suitable  to  their  nfi- 
ture.  Thus  it  is  that  we  observe  in  theve 
lowest  animals  that  those  few  nerves  arc 
not  provided  for  some  particular  organ 
of  sense,  but  appear  ilrst  to  be  developed 
around  the  alimentary  canal  as  the 
most  important  part  to  be  provided  m  ith 
sensibility;  the  most  important  part  to 
take  cognizance  of  the  properties  ot  sur- 
fovndiiig  bodieiy  and  thua  to  h»ri  mor* 

%  la 
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Hmste  ntationt  MtaMitlied  witli  surroand- 

ing  nattnc.  An  aiinnnl  is,  m  the  abstract, 
but  a  moving  bag,  which  receives  foreign 
matter  into  it,  and  which  u  organized  to 
change  that  matter  into  its  own  likeness. 
That  is  the  most  unsophisticated  idea 
'which  we  can  form  of  this  great  division 
of  nature.  But  we  aee  how  complex  the 
structure  at  length  becomes  by  the  de- 
velopment of  other  systems  of  oi'gans  from 
the  cntaneons  and  the  digestive,  and  by 
the  numerous  complicated  organs  of  sense 
which  are  developed  in  that  situation  to 
superintend  the  nourishment  of  the  whole, 
and  to  multiply  and  extend  the  rehitions 
of  animals  with  external  nature.  This 
circular  form  of  the  nervous  system 
around  the  mouth  of  the  stetterida.  Is  no 
doubt  extended  to  the  more  elevated  forms 
of  the  echinidat  where  the  muscles,  espe- 
cially of  the  jaws  or  teeth,  are  so  distinct 
ftnd  powerful.  This  circular  form  of  the 
nervous  system  corresponds  with  that  of 
the  body,  and  is  equally  developed  ai'ound 
a  short  axis,  which  is  genaaliy  ^^Ica^ 
with  the  mouth  downwards  towards  where 
the  food  lies.  It  is  from  this  common 
character  of  tlie  nervous  system,  when  it 
ts  present  in  these  lowest  classes,  that  this 
division  of  the  animal  kingdom  is  called 
9^elo-nturtt* 

Now  in  the  ilo/ofAttfis^— which  is  an 
animal  also  belonging  to  the  class  echi- 
noderma,  though  possessing  a  soft  and 
irritable  exterior  integument,  and  pos- 
tening  very  distinct  strong  longitudinal 
muscular  hands  extendinp;  alonj;  the  inner 
surface  of  the  skin,— wc  find  that,  accom- 
panying this  highly  developed  condition 
of  the  muscular  apparatus,  there  is  a  very 
distinct  and  complex  nervous  system. 
That  nervous  syateoi  still  exists  in  these 
lengthened  animals  in  the  form  of  a  collar 
around  the  anterior  part  of  tlie  Ijody,  giv- 
ing off  longitudinal  filaments.  We  observe, 
also,  longitudinal  nerves  passing  from  the 
anterior  nervous  ring  along  one  surface  of 
the  ix>dy,  in  iha  xiponailvs  \  it  appears  thus 
to  introduce  a  difference  on  the  sui  face,  a 
dorsal  and  a  ventral  aspect,  in  this  vermi- 
form echinodermatous  animal.  Tlius  in 
these  lower  tribes  of  ecbinoderma  and  aca- 
lepha,  we  observe  the  parts  of  the  body 
ond  the  nervous  system  equally  developed 
aixnmd  an  axi«,  so  that  there  is  no  nccumn- 
latioa  oi  the  nervous  matter  upon  oue  side 
of  the  body  more  than  upon  another ;  nor 
Is  there  the  digestive  or  any  other  system 
preponderating  on  one  side  to  produce 
^e  distinctions  of  dorsal  and  ventral  sur- 
face. But  in  these  soft  vermiform  cchi- 
noderomtoiis  animals,  the  holothiii  ida, 
^'hich  are  euiiini,  lengthened,  and  without 
•hells,  we  find  that  one  surface  has  as- 
WBifid  the  cfaancter  of  abdominal*  in  con-j 


sequence  of  the  greater  Umgttudinal  deve- 

lojjment  of  the  nervous  system  along  that 
side  of  the  body.  This  gradually  leads  ui^ 
therefore,  as  well  as  the  lengthened  cylin* 
diical  form  of  the  body,  and  the  soft  flex* 
iblc  inteiEfument,  to  the  long  articulated 
forms  of  higher  classes,  and  es|>ecialiy  of 
the  helminthoid  animals. 

In  the  long  cylin  lrical  triinks  of  the 
helminthoid  and  entomoid  classes  of  ani« 
mals,  the  nervous  system  partakes  of  the 
same  lengthened  form,  and  is  extended  for 
protection  along  the  abdominal  or  tmdcr 
surface  of  the  body.    It  is  contained  ia 
the  same  rings  or  segments  which  enve^ 
lop  the  viscera  in    nl!  t^ir  T,ernufnrm 
classes,  but    in  the  highest  entomoid 
classes  it  begins  to  be  endoeed  In  an 
osseous  canal  separate  from  that  contain- 
ing the  other  organs.    And  in  all  these 
classes  we  have  seen,  that  the  motor  and 
sensitive  columns  of  these  abdominal 
nerves  arc  inverted  in  their  position,  like 
all  the  other  viscera  of  the  trunk,  whea 
compared  with  thdr  position  In  the  vcr* 
tcbrated  classes.    In  the  lowest  of  the 
helminthoid  classes,  the  (mtnzoa,  the  ner- 
vous system  is  seen  in  the  long  cylindri- 
cal bodies  of  the  nematoid  species,  as  the 
ascnrr^  }vmhrirtjiriis,  in  the  fonti  of  a  slen- 
der double  filament,  occupying  the  median 
line  of  the  abdomen,  and  placed  imme* 
diately  within  the  inner  muscular  tunic  of 
longitudinal  fibres.   TTiis  nbdominal  chord 
appears  as  if  single,  hut  siiows  its  doulile 
structure  chiefly  in  two  points,  where  it 
meets  with  the  vulva  of  the  frmale,  and 
sei>arates  to  enclose  that  opening,  and  at 
the  lower  part  of  the  mouth,  where  H  se- 
parates   to  encompass  the  cesophagus. 
These  nerves  are  seen  moro  o{)viously  on 
tlie  large  strouyyli  and  echttmrhynchif  and 
many  similar  forms  of  entozoa.  They 
genei  ally  ascend  on  each  side  of  the  frso- 
phagus,  so  as  to  embrace  it  more  or  less 
completely  with  a  nervous  collar,  mA 
sometimes  form  a  complete  ring  by  meet- 
ing above  the  mouth.    The  surface  alon^ 
which  they  run  is  considcreti  a^^  unalogouii 
to  the  venteal  aorface  of  ordinary  external 
worms,  because  the  vuh'a  and  the  penis 
and  the  anus  are  directed  to  that  siuface 
of  the  body.  'On  looking  through  the 
transparent  body  of  these  simple  entozoa, 
a  fine  white  upaque  streak  is  seen  n|)on 
the  ventral  surface  of  the  worm,  extending 
towards  the  posterior  part  of  the  body.  It 
is  almost  impossible  to  trace  it  the  length 
of  the  anus,  but  it  is  reinforced  by  almost 
invisible  fltaments,  and  becomes  stronger 
and  more  apparent  as  we  approach  the 
middle  and   thicker  part  of  thr  hod}'. 
When  we  trace  it  towards  the  oj)etiin>:  ol 
the  genital  system  ill  the  female,  the  viih**, 
it  distinctly  fepmtci»  ind  Ibrnt  a  dud* 
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Ibat  pafliagc;  the  t>vo  filaments 

again  mcot  aTnl  ])nss  forwards,  atill  upon 
the  itaniu  isurlaui  of  the  body,  and  are 
■ometlnieii  so  soitll  m  to  be  almost  lost 
before  they  reach  the  head.  At  the  ante- 
rior part  of  this  double  nervous  filament, 
it  is  observed  most  frequently  to  bifurcate 
when  it  reaches  the  anterior  part  of  the 
hody,  and  to  si'lvnnce  upon  the  sides  of  the 
u»»upliagu8,  as  if  it  would  encompass  that 
passage  and  form  a  circle  around  it. 

Now  nervous  filaments,  like  muscular 
fibres,  arc  each  distinct,  though  niiuute 
instruments,  and  arc  not  like  bloodvessels 
that  anastomose,  and  ramity,  and  shoot  out 
capillaries  in  all  diixctions.  No  siiiijle  or 
ultituat€2  nervous  filament  la  animals  is 
seen  to  ramify,  either  in  the  highest  or  in 
the  lowest  classes. 

^Jow  this  first  condition  ot  the  nervous 
ayittem,  and  the  simplest  forms  it  ])resents 
In  the  articulated  classes,  are  interesting, 
V  hen  wo  consider  it  in  relation  to  the  first 
coiiditiuit  perceived  of  the  nervouK  system 
of  man  and  the  verlebrated  animals,  for 
there  wc  observe  the  nervous  iysteni  to 
consist  at  drat  of  a  simple  streak,  a  streak 
vrbich  is  manifested  on  the  outer  surface 
of  the  germinal  portion  of  the  cicatricula. 
That  sheak  is  well  known  to  bedevel()])ed 
afterwards  iu  tho  pi-ogross  of  the  embryo, 
into  the  central  part  of  the  ncrvons  sys. 
tem  ;  it  is  the  ruflimcnt,  in  fact,  of  the  two 
lateral  columns  of  the  spinal  marrow.  The 
progressive  development  shows  that  pri- 
mitive streak  to  separate  at  its  anterior 
part,  forming  there  the  first  outline  of  the 
medulla  oblongata.  It  again  diverges, 
after  converfdng  a  little,  and  fortnt  the 
first  outline  of  the  optic  lobes.  It  diverges 
again  and  encloses  another  space,  which 
forms  the  minute  hemitphereB  of  the  brai  n . 
But  in  the  first  stage  of  this  development 
in  th{»  vertebra ta,  it  presents  the  form  and 
condition  of  the  nervous  system  in  these 
simpleat  of  helmiuthoid  aninials,  vrhicb 
themselves  represent  thr  ctit^ryo  or  larva 
State  of  the  iUgher  eutomoid  classes.  I  n 
fhe  epizoa  which  adhere  to  the  surface  of 
aquatic  animals,  the  nervous  system  is 
more  complicated,  and  these  anitnals  al- 
ready possess  sometimes  antennic  and 
eyes.  They  have  generally  the  two  lon- 
gitudinal parallel  nervous  chords  rimning 
separately  and  at  some  distance  from  each 
other,  as  you  oIneiTe  in  the  aekiktreit 
pfrcarutn,  and  several  Others,  so  beautifully 
and  accurately  figured  in  these  jjlates  of 
Nordmaiin  published  Wt  year  iu  Ger- 
many.  From  the  want  of  organs  of  sense 
on  the  anterior  extremity  of  tho  body  in 
most  of  the  cntozoo,  we  observe  the  very 
imperfect  development  of  the  nervous  sys- 
tem in  that  direction,  and  that  although 
il  oocmwonally  IbniM  a  ling  around  the 


oesophagus,  it  seldom  forms  a  vieiblo 

supra-u;sophageal  ganglion  where  these 
filaments  meet.  These  longitudinal  ner- 
vous filaments  still  retain  great  simplicity 

of  structure  and  development  at  their  an- 
terior terminations  in  the  lerniftc  among 
the  cpiz(*a,  althouijli  you  already  see  mi- 
nute eyes  joined  on  the  median  plane,  lika 
those  of  a  polygastric  animalcule  or  a 
monoculus,  aud  antenux  on  theii'  small 
head.  Tbeur  muscular  system  is  dso  dis« 
tinct,  both  the  longitudinut  bands  which 
move  the  trunk,  and  the  numerous  trans* 
verse  bands  passing  from  the  sides  to  the 
intestine.  These  simple  longitudinal  sena» 
rate  filaments  of  nerves,  without  ganglia, 
ruuniug  along  the  abdominal  surface  of 
theeiitozoa  and  epixoa,  present  us  with 
the  embryo  state  of  that  system  in  tho 
catterpiliar,  and  in  all  the  entomoid  classes, 
before  their  abdomiual  ganglia  are  deve- 
loped. 

In  the  roilfei^m  animals,  however, 
where  we  find  a  very  complex  muscular 
apparatus  developed  at  the  anterior  put 
of  the  body  for  the  rapid  movements  of  the 
large  cilia,  aud  for  the  lateral  motions  of 
the  strong  jaws,  the  nervous  i>ystem  is 
chieily  developed  in  that  situation.  Their 
abdominal  filaments  arc  seen  through 
their  tratispareni  bodies  united  together  as 
one  nerve  along  the  median  line,  and  giv' 
ing  off  miniitc  lateral  branches  in  their 
course  forwards.  Arrived  at  the  anterior 
part  of  the  body,  these  nerves  ascend  to 
embrace  the  cesophagus,  and  form  numo* 
rous  ganglia  on  that  ring,  like  a  mollus- 
cous animal  with  its  circle  of  ganglia 
around  the  entrance  to  the  alimentary 
canal.  The  lateral  ganglia  of  this  gan- 
gliated  oesophageal  ring  of  the  rotiferous 
animals,  send  numerous  fihiments  to  the 
surrounding  parts,  but  are  smaller  than 
the  supra-eesophageal  ganplia  placed  above 
on  the  median  plane.  In  those  figures  of 
Ehrkiibbrg  you  will  observe  four  hiteral 
ganglia  besides  the  lar^o  superior  gan- 
glion, placed  around  the  mouth  of  the 
hydathut  tenia,  a  minute  rotiferous  vorti- 
cella.  Where  the  nervous  system  is  per- 
ceptible in  these  minute  wheel  animal- 
cules, it  presents  this  plan  of  structure, 
combining  the  ordinary  abdominal  fila- 
ments without  apparent  ganglia  of  the 
simplest  belmintUoid  animals,  with  the 
gangliated  circle  around  the  oesopliagns  of 
a  gasteropod  or  a  floating  pteropod.  Many 
of  the  larger  cntozoa,  as  the  ccenurus  and 
tlie  cytlicercvtf  present  no  nervous  system, 
from  tlieir  simple  organisation  requiring 
none;  but  in  the  rotiferous  animnis  it  is 
more  generally  concealed  i>y  the  extreme 
minuteness  of  the  whole  body.  The  large 
round  ganglia  around  the  a'sophagu.>>  of 
these  aaiuials  are  disposed,  within  (b« 
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circle  of  ronn3  muscular  lobes  for  the 
motions  of  tbe  vibratUe  cilia,  and  are  of  a 
'd««1cer  gray  colour  tfasn      Hght  yellow- 


glia,  to  that  oT  gastcropoas  and  ptcrope*; 
so  we  observe  in  this  very  short  ganglia  ted 
anb-nbdominsl  odnnm  <if  Hhe  drrho])o(K 


ish-whitc  muscles  of  the  cilia  anrl  of  the  with  only  five  pairs  of  gangTia,  an  affinity  to 
lateral  jaws.  The  muscles  of  the  jaws  the  ncrvotis  system  of  liie  tunicata  and 
fonn  a  large  round  mass  anterior  and  In-  ■  conchifera,  where  we  observe  three 
tcrior  to  the  gangliated  oesophageal  rinir-  cijjal  pairs  of  ganglia  disposed  longitndi- 
Tn  the  eirrJiopods,  entomoifl  nnimala  en-  nally  heiicRth  the  intestine,  and  seldom  | 
closed  in  shells,  like  those  iDoiiuscoiis  ani- !  suiu*a-0Dsophagcal  ganglion  developed, 
mali,  wo  idm  oboorve  the  great  eentre  of ,  In  tbe  dasa  mmdidett  ss  in'thflt  «f  cb- 
\hv  TicrvoTi?  system  disposed  along  the  to^oa,  we  find  organisations  possessing 
abdominal  surface  of  the  body.  It  there  very  different  degrees  of  complexity,  and 
lornis  two  longitudinal  chords,  which  have  ;  although  they  still  present,  ^e  ttie«ater- 
ganglia  regpularty  disposed,  and  which  |  pillar,  only  the  tnmk  of  the  perfect  insect, 
■present  a  very  imperfect  development  at '  they  exhibit  rndtmentary  developments 
their  anterior  extremity,  where  they  foi-m  ;  from  the  sides  of  the  segments,  of  n  arious 
»  ring  aronnd  tbe  oesophagus.  In  the  |  extent  and  magnitude,  tbepceparationtlbr 
cirrbopods  there  is  a  very  imperfect  de-  the  future  loc^s  and  wings,  which  niat^ 
-^opment  of  the  anterior  parts  at  tbe  en-  daily  affect  the  condition  of  the  neiTOUS 
tnnce  of  tbe  albnentary  canal,  for  the  |  columns,  and  tbe  development  of  the  gan* 
bljvious  reason  that  these  animals  are  '  glia  along  their  course.  We  have  already 
shut  up  in  a  close  raultivalvc  shell,  with  :  seen  that  the  trmik  of  the  nrticnlated 
'their  heads  fixed  at  the  bottom  of  that  classes  is  inverted*  and  siu  rounded  iiy  the 
cavity,  like  a  condiiferous  or  a  tmiicated  cyelo-veitehitd  element!  of  the  vertefa^^ 
nuimal.  What  use  coiihl  they  t^ierefore  I  So  that  while  the  alimentary  canal  cnn- 
ha\-e  for  a  complex  apparatus  of  nerves  or  \  tinues  along  tbe  middle  of  the  trunk,  the 
organs  of  sense  at  tb^r  anterior  part  ?  |  great  centre  of  the  vasciiiar  i^stem  is 
No  complex  development  of  organs  is  there  alxn  e  the  intestine,  on  the  dorsal  region, 
aeen;  hut  as  the  respiratory  organs  and  ,  and  the  motor  and  sensitive  columns  oo 
the  ciliated  jointed  extremitie^i  are  devc-  cupy  an  inverted  position  along  the  ven- 
loped  from  the  sides  of  the  posterior  ex- 1  tral  side  of  the  tronk.  The  yolk  bag  or 
tremity  of  the  animal,  there  tiic  nervous  ■.  umbilical  vesicle  enters,  t>!rreforc,  by  ths 
abdominal  filaments  and  ganglia  arc  dis*  [  back,  to  reach  the  intestine  in  these  classeib 
tinct  and  visible,  and  give  out  radbiting  |  and  not  by  the  abdominal  sorinoe,  as  hi 
Bcrrfs  to  these  articulated  memheii^,  from  '  the  vcrtehrata.  In  the  long  slender  foi  iTis 
"the  regularly-disposed  pairs  of  ganglia  of  these  red-blooded  worms,  as  in  the 
along  the  inferior  surface  of  the  post- jnaiVAv  and  many  of  the  wtfreirflf,  the  nervous 
abdominal  portion  of  the  trunk.  These  jeolumns  along  the  middle  of  the  ventral 
abdominal  chords,  after  formiiif^  five  ]iairs  snrHice  of  the  tnmk  are  nearly  as  simple 
ganglia  at  the  bases  of  the  articulated  as  in  the  filiform  entozoa,  aiid  scarcehr 
ftet,  advance  to  tbe  mouth,  form  a  ring  |  present  i^an^lionic  enlargements  in  th«V 
around  the  (esophagus,  meet  above  and  course, or  supra-iesoplingeal  enlargementd, 
'form  a  supra-tesophageol  ganglion,  from  j  from  the  imperfect  development  of  their 
which  nerves  pass  forwards  and  laterally  laieial  ajip  end  ices  for  progressive  inotiott, 
to  the  muscles  and  to  the  visceral  sac.  land  of  their  cephaHc  appendices  for  sen- 
Thc  nervous  matter  which  is  accumulated  tintimt.  In  the  transparent  bodies  of  the 
in  the  rotifera  on  the  collar  around  the  j/lanaHee  nervous  filamenu  are  scarcely 
OBsopbagus,  is  here  removed  fit)m  that  an-  perceptible.  In  ihe  long  cylindrical  am 
tenor  position,  where  it  is  Ittflc  required, '  muscular  bodies  of  the  air-breathing  earth- 
and  is  employed  to  .enlaf^e  the  g-anglia  of  j  worms,  with  their  myriads  of  short  seg- 
"Ihe  posterior  part  of  tbe  eolumn,  to  give 't  ments,  and  almost  without  feet,  wc  per* 
«n«rg}'  to  the  parts  dt  veloped  from  that '  ceive  innumerable  distinct  filaments iNW 
region  of  the  trunk.  This  diplo-nenmse  1  ing  latcnilly  fmfn  the  closely  approrf* 
character  of  all  the  cirrbopods,  whether  j  mated  nervous  coiutims,  but  scarcely  • 
liedancobited  or  sessile,  separates  them  |  ganglionic  eniargeroent  developed  in  tneir 
more  than  any  other  organs  from  the  |  course  along  the  abdomen.  Arrived,  hoT\-- 
molluscous  classes  of  animals,  where  tho  t  ever,  below  the  month,  they  form  two 
nervous  development  Is  at  -the  opposite  !  small  ganglia  of  a  lengtbened  form,  an^ 
end  of  the  cnluiMii,  and  connects  them  ]  extend  upwards  to  meet  above  tbe  oeso- 
with  the  articulated  classes,  especially  phagus,  and  dev«  I  sp  the  two  larger  cere- 


•the  helminthoid  forms,  where  the  supra 
'esophageal  and  all  the  anterior  ganglia 
•are  least  developed.    As  the  nervous  sys 


bral  or  supra-u^sopha^  cal  ganglia,  the  in- 
timate strootnre  and  nerves  of  whieb  yot 

perceive  minutely  detailed  in  these  Inrg^e 


4cm  of  the  rotiferous  animals  has  some  j  figures  of  Morrr'k.  These  cerebral  gan 
Mnity,  in  IM  oesophageal  eirde  of -gMHigUa  of  <he  ew^Hwerm  Ue  ia  contact  irtfk 
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^ch  other,  are  leagth^nAd  tir«auvanif|gr  maafoflibtmufkaali^yeiihsw^d^^ 

like  those  of  an  insect,  appear  to  be  more  the  vitality  of  the  whole.  The  nervous 
giay-coloured  ou  the  surface  thau  their  a;^oyhjag.eaJ  ting  0/  liic  actimth 
white  intei-jior,  and  to  be  chiefly  composed  and  tbe  ^eria»,  we'  have  leen  coi^i^ 
of  minute  globules.  Although  there  are  through  these  helm inthoid  classes,  but'wj? 
Jfkop  fhstiufA  ganglia  ou  th^  aJl^Uouiinal  lengthened  form  of  the  worm  has  given 
diordt,  theta  loagitudinal  colwnng  are  a  preponderance  to  the  de\  elopiucut 
proportionally  thick,  to  supply  the  innu-  the  longitudinal  lilatncnu  e^eniUjQig  fro^i 
inerahle  musdes  connected  with  the  short  the  oral  ring  of  Uie  tip^HCHfut  a^^d  thg 
and  highly  moveable  tegment*.  froni  the  holothui  ia.  ■-  . 

flkpQrt&en  of  the  segments,  the  lateral  fiia- 1 

ments  are  closely  approximated,  and  as   '  : —   — 

the  columns  are  slightly  pfkl^u^did  at  the  1 
Spooling  .off  of  each  pair  of  nerves,  the ! 
yrbole  abdominal  chords  have  a  waved 
outline,  from  the  number  and  pxoxiiuity  of 
these  minute  enlargement^ 

W  hd-e  tbe  trynk  o^the  aonelidfa  h  mwii 
dcvelope4  tnmsversely,  as  in  the  leech  aud 
(.h^  h^tithjia  Of  sea-jgaouse,  t^be  ganglia  are 
much  Qooe  devefop^  and  diistiiM^t*  The 
ab:]omlnal  ganglia  of  the  leech  are  quite 
obvious  in  the  embryo  of  that  worm  while 
it  is  yet  in  the  ovum,  as  you  obserye 
these  magnified  fig^ures  of  its  nerves  given 
by  Wkber.  Where  the  sets'  for  progres- 
sive motion  are  larger  and  moved  by  strong 
extensor  and  retraelor  iniuclct),  the  gan- 
glia are  equally  laiseiuid  dutinct.and  the 
)iervous  columns  greatly  develoju  d,  as  yon 


CLINICAi<  LBC7UE^ 
DISEASES  OF  THE  UfSEieS  Al^  ^ 
lMhtn4  mt  tk§  HopwAL  r  a  Pivib, 
Bv  M.  LISPILAVe. 

OK  ^POTA^lf        Tf  It  VjPPIt  0^  fMJ^ 
VTfUfi.VS, 


Tui:  period,  unfortunately,  is  not  vepy 
distant  from  the  present  time  when  dis- 
perceive  in  the^e  large  pleioue*  iiom  the  ciUics  of  the  utcruji  were  involved  in  gi'Cfii 
jLndian  seas,  and  in  roost  of  the  lubioc^ous  |  obscurity.  Qn^baonc  hand  they  were^onip 

annelides.    By  looknig  through  the  bodies  sidcred  as  essentially  fatal,  when  they 


ol'  these  common j;^/ mar/a  ,  as  trii^parent 
as  glass,  yon  can  distinctly  perceive  evei^y 
gAni^lion,  large,  white,  and  opaque,  along 


had  piafle  a  ^ittle  progreji^  ^  on  iii^  ot^^ 
they  \vere  completely  mistaken  or  Mgr 

lected,  as  inconveniences  too  simple  tp 


.the  abdominal  surface,  and  the  nerves  arrest  the  attention  of  the  surgeon.  In 


which  they  successively  giveo/f.  Indeed, 
from  the  uniformity  in  4be  situation  and 
the  diati  ibution  of  the  nervous  filaments 
juu  all  the  articulated  classes  of  auimuis» 
and  their  opaque  white  ctdonr  and  firm 
consistence,  tht-rc  is  no  part  in  the  eco- 
nomy of  the  uiost  (Iclicatc  species  whit  h  is 
more  easily  cxamiiitd.  The  mQ«»t  n>arkoU 
dift'crcnces  which  tills  ayiiem  presents  in 
the  hclniinthoiJ  classes  arc  the  extent  to 
which  the  uA^rvous  filaments  aj-e  distri- 
buted tbrotigh  the  body,  .die  thiclcness  of 
tbe  two  uhihiininal  columns,  the  size  aiid 
number  of  the  ganglia  on  tlieir  course, 
the  ntagnitude  of  tlie  cerebral  ganglia  for 
tbe  cephalic  appendices,  .the  relative  mag- 
nitude of  the  visceral  or  syuiputlictic 
Aeryq».h^afi«U^A  Ab»ti),auil  of  the  ganglionic 
and  meiBry  oolfiQina.  As  each  segment 
of  the  tceuia  is  complete  in  itself,  and  capa- 
ble of  independent  cxi^tcuce,  i>o  each  scg- 
mant  of.JbUe  lipdy  throughout  the  bcl- 
nuathoid  iMMltiantomoid  classes  may  be 
viewed  as  a  separate  being,  with  its  ex- 
terior covering  and  its  muscles,  its  vas- 
Dolar  .and  digestive  appacaUis,  its  brain, 
JDdd  its  nerv(  9  of  motion  and  sensation. 
iMid         ^  dj^ibiU^  of  U>e.ijAdyin 


ciic  former  case  the  practitioner,  struck 
with  the  inefficacy  of  his  art,  found 
himself  compelled  to  employ  nothing  but 
palliative  mea,sures,  an^  saw  ius  .natie^ 
fall  a  victim  to  the  most  violent  suffering, 
lint  within  a  few  years  numerous  re* 
searclics  made  iu  pathological  and  sur- 
gical anatomy  have  thrown  considcrab)^ 
light  on  tbia  impoi  tant  part  of  ])athology. 
The  means  of  exuiui nation  have  bccQfl;^ 
more  certain  and  nuuicrous,  and  thf) 
causoe  of  uterine  alBTections  have  lieen 
traced  with  a  care  and  attention  which 
have  not  failed  to  prqducc  t,hc  most  happy 
results.  It  has  been  shown,  fpr  .example, 
a^d  experience  sanctions  the  assertion, 
that  nutco-puntlent  discharges,  utering 
hemorrhage,  and  prolapsus  of  the  utcru^ 
were  not  essential  diseases,  as  had  bee^ 
imagined  at  the  time,  but  symi>toms  of 
au  alteration  more  yr  less  grave  ot  the 
tissues  of  the  organ. 

JUy  a  mote  rigorous  examination  of  ti^e 
symptoms  revealing  the  alterations  of  the 
uterine  tissues,  we  are  now  enabled  to 
estal>lish  new  disttucti^s  to  provc^  by 
patholot;i.'al  anatomy,  and  the  effect  of 
tre^^tinenl,  .^t  tu|Ui}-  u^ri^c  (Lji^ea^ 


Digitized  by  Google 


>f .  LISFIUNC  <^  AMPUTAStOK 


much  less  dangerous  than  have  been  ima- 
gined»  and  that  they  frequently  are  nei- 

tlir  r  of  a  carcinomatous  nor  a  scirrhous 
nature;  that  by  far  the  greater  part 
commence  by  a  very  simple  change,  and 
that  if  attacked  at  a  reasonabi'  lii  riod 
after  thia  commencement,  they  very  rarely 
resist  such  therapeutic  measures  as  were 
ployed  to  combat  them  at  the  Hospital  of 
La  Pitte.  Within  the  last  few  years,  a 
great  number  of  females  have  been  dis» 
charged  cured  from  the  hospital,  without 
having  undergone  any  operation,  and 
9ince  that  time  the  afflux  of  patients  with 
uterine  disease  has  increased  to  a  great 
extent.  Nevertheless  the  number  of  ope- 
rations has  diminished,  and  I  now  perform 
amputation  of  the  neck  of  the  uterus  once 
or  twice  a  year,  whereas  formerly  the 
same  operntinn  was  perfoimcd  fifteen  or 
sixteen  times  during  an  e^oal  period. 
Notwithstanding  this  great  soocess,  dis- 
ease  of  the  uterus  sometimes  resists  all 
treatment,  and  removal  of  the  neck  be- 
comes necessary  as  a  last  resource.  Every 
surgeon  knows  that  many  women,  yielding 
to  a  false  shame,  refuse  to  submit  to  an 
examination,  and  permit  the  aft'ection  to 
go  on  until  an  oneration  is  indispensable ; 
fiiiil  r  am  compelled  to  observe,  that  al- 
though the  new  ideas  on  di<!cases  of  the 
titerus  have  already  been  laid  before  the 
public,  yet  that  the  old  ideas  areso  rooted, 
that  many  physicians  remain  too  fre- 
quently tranq^uii  spectators  of  the  progress 
made  by  the  disease. 

2.  Indications  and  Cimtra-indications/or 
ike  OpemtUm, 

We  shall  first  explain  the  cases  in  which 
amputation  of  the  neck  of  the  Uterus 
ought  to  he  perfonucd. 

I  St.  When  the  cancerous  state  is  well- 
marked,  and  too  deeply  seated  tO  ]>ermit 
our  trying  pauterizatian. 

2nd.  When  the  disease  does  hot  extend 
beyond  the  superior  part  of  the  insertion 
of  the  vagina  into  the  uterus. 

3rd.  Even  when  the  existence  of  car- 
cinoma may  not  he  well  established,  I 
think  we  ought  to  operate,  if  the  fjcneral 
health  daily  declines,  and  if  the  patient  be 
not  relieved  by  other  therapeutic  means 
ciiiployrd,  or  if  they  do  not  prevent  the 
disease  from  progressing  in  such  a  man- 
ner as  would  soon  destroy  all  hope  of  a 
radical  cure. 

Is  it  not  welt  known  that  certain  non- 
carcinomatous  ulcers  of  the  lower  ex- 
tremity, by  their  very  injurious  influence 
on  the  economy,  require  the  sacrifice  of 
the  limb  ;  and  why  should  not  simple 
ulcers  of  the  ntems  exerci&e  a  similar  in- 
flnenee  on  the  constitntion  of  the  female .» 
The  ttlems  hav  a  more  power&lqrmpa- 


thetic  influence  on  many  other  viscera* 
Ezperienoe  proves  that  simple  non-car* 

cinomatous  ulcerations  of  the  uterus  may 
become  mortal,  if  not  removed  by  the 
icnife. 

Jth.  Wo  nre  generally  rerornmcrtfled 
not  to  operate  whenever  there  exists  any 
engorgement  of  the  body  of  the  uterus.  I 
think  this  opinion  too  exclusive,  and 
would  oppose  it  for  the  following  reasons. 
Accoucheurs  have  proved  that,  in  cases  of 
extra-ttterine  pregnancy,  the  womh  or- 
dinarily presents  double  the  ordinary  vo- 
lume. 1  hare  seen  the  same  rei>ult  from 
long-continued  inflammation  of  the  parts 
in  tbo  pelris.  Whenever  the  neck  of  the 
uterus  bccoTne«»  Hufhciently  diseased  to 
render  an  operation  indispensable,  the 
body  of  the  organ  becomes  more  voln- 
mioous.  I  have  been  convinced  of  this 
by  the  autopsy  of  some  females  who  died 
shortly  after  the  operation.  I  hare  thus 
been  convinced,  that  wboi,  in  the  cases  of 
which  I  speak,  the  uterus  does  not  exceed 
double  its  ordinary  volume,  we  hare 
merely  a  simple  hypertrophy,  which 
need  not  embarrassi  the  practitioner.  Thi^ 
principle  has  been  frequently  sanctioned 
by  e.\i)eriment  at  the  Hospital  of  La  PItie. 

5tb.  Is  the  uterus  more  enlarged  than 
we  have  just  mentioned?  Wc  think  that 
if  the  disease  is  accompanied  by  little  pain, 
the  existMice  of  cancer  is  not  certain,  and 
timt  removal  of  the  neck  of  the  uterus 
should  be  attempted,  because  the  woman, 
according  to  the  view  of  physicians,  is 
destined  to  a  certain  death.  I  have  seen 
it  succeed.  The  increased  volume  of  the 
organ  was  produced  by  the  simple  white 
engorgement,  which  disappeared  after  tha 
operation ;  bnt  before  wo  have  recourse  to 
this  means,  it  is  right  to  endeavour  to 
restore  the  body  of  the  uterus  as  nearly 
as  possible  to  its  normal  state,  and  thia 
we  have  often  succeeded  ii\  doing. 

6th.  A  question  of  liigh  iuijiortance 
ought  to  fix  the  attention  of  the  surgeon 
in  a  special  manner.  Cnncer  of  the 
uterus  is  an  afiection  which  produces  en* 
gorgement  of  the  neighbouring  oi*gan8  lesa 
frequently  than  any  other.  Bo  vm:  long  ago 
pointed  out  a  circumstance  w  hich  I  have 
verified,  and  which  su]>ports  the  present 
idea,  viz.,  that  diseases  of  the  uterus  are 
less  seldom  carcinomatous  than  has  been 
generally  imagined ;  and,  by  the  atx)ve 
reason,  we  are  also  enabled  to  ejqiAain 
why,  in  removing  the  neck  of  the  uterus, 
and  a  certain  quantity  of  healthy  tissue 
surrounding  it,  we  much  more  frequent- 
ly  obtain  succ^s  than  when  omoer  is  ie« 
moved  in  other  situations. 

7tli.  Is  it  necessary  here  to  call  to  mind 
that  1  have  proved,  both  by  pathological 
anatomy  wad  thetaiwitic  veaeons,  that  a 
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LECTURE  XXXVII. 

♦ON  THE  NERVOUS  SYSTEM  OP  THE  EN- 
TO\fO!D  AND  MOLLUSCOUS  CLASSES. 

As  all  tievelopments  and  metamorphoses 
in  organized  beings  arc  from*  below  up- 
wuds  la  the  scale,  from  simple  to  com- 
pound, and  as  the  hclminthold  classes  are 
the  lanrse  of  the  entomoid,  wc  find  in  the 
higher  cntomoid  ardculatft  only  a  more 
developed  condition  of  the  p^an  off  i  ucture 
that  exists  in  the  ner\'ous  and  other  sys* 
tcms  which  the  worms  exhibit.  It  is  well 
known  that  the  eyes  of  the  mature  anne- 
lides,  like  tho^e  of  the  embr3'o  insect,  pre- 
sent only  a  dark  opaque  pigment  covering 
the  opfete  nenrey  which  absorbs  the  Imni- 
nous  rays  to  produce  an  impression  of  light, 
where  there  are  no  transparent  parts  to 
Ibrm  an  image  of  ontwoid  objects.  The 
nervous  lystem  of  the  most  elevated  in- 
sects and  cruataren  begins  with  the  sira- 
ple»t  helminthoid  form,  as  the  nervotis 
system  of  man  begins  with  that  of  the 
lowest  fishes.  The  larva,  like  the  annn-  [ 
lide,  is  almost  a  simple  cylinder,  soft, 
-flexHile,  smoofli,  and  equal  throogfaou^ 
and  the  nerves  manifest  the  same  equal 
development  from  one  estremitj  of  the 
botly  to  the  other. 

The  myriapadt  oresent  the  roost  hel- 

minthoid  form  of  nl  ths  entOflMid  cIiim% 


and  this  simplicity  of  outward  form  is 
accompanied  by  a  corresponding  infe- 
riority in  the  type  of  the  internal  or- 
gans. Their  nervous  system  is  that  of 
the  worm  and  the  larva,  but  as  their 
segments  develop  stronger  members  to 
bear  them  above  the  ground,  their  ab- 
dominal ganglia  arc  increased  in  size,  to 
afford  additional  ner>-es  to  those  extre- 
mi^s.  On  looking  through  these  dissected 
nerves  of  the  hcolopendra  you  will  perceive 
the  cineritious  dark  matter  of  the  ganglia 
in  which  the  sensitive  nerves  terminate, 
and  the  coagidated  matter  of  the  whiter 
columns  wliich  intervene  between  the 
ganglia.  The  toughness  of  the  neuri- 
lenia  which  envelops  the  nerves  is  seen 
hy  thp  ?Hffness  with  which  the  min«tc;<t 
fiiaiuents  i)rojcct  laterally  to  a  distance* 
from  all  the  ganglia,  in  tiie  preparations 
before  you.  The  same  property  you  per* 
ceive  in  the  neurilema  of  insects,  but  I 
have  always  fonnd  it  softer  in  the  Crus- 
tacea, where  the  means  of  coagulation 
employed  were  the  same.  As  all  parts  of 
the  trunk  are  equally  developed  in  the 
ro}Tiapods,  and  the  members  are  equal 
from  the  anterior  to  the  posterior  ex- 
tremity of  the  body,  the  ganglia  are  equi- 
distant and  equally  developed  throngftout 
the  whole  length  of  the  columns.  The 
visceral  or  sympathetic  nerves  and  their 
ganglia  are  less  developed  than  in  insects 
and  Crustacea,  and  the  nerves  of  motion 
come  off  from  the  columns  more  close  to 
the  ganglia  than  in  those  classes.  You  will 
observe  hy  these  magnlAed  views  of  the 
nerves  of  motion  and  sensation  in  the 
larva  of  the  co$»ttt,  given  by  Ltonbt  se- 
venty years  ago,  that  the  nerves  of  motion 
come  off  there  at  a  great  distance  behind 
each  ganglion.  In  these  dissected  speci- 
mens, however,  of  the  ner\ou8  system  of 
the  Crustacea,  and  in  these  views  of  their 
nerves  given  by  Arnoi  iN  and  EnwARi)?, 
you  perceive  that  they  conic  off  at  a 
shorter  distance  hehina  the  ganglia,  and 
the  distance  is  still  less  in  the  myrlEipods 
and  arachnids,  where  both  kinds  of  nerves 
come  off  nearly  on  the  same  level,  as  in  th0 

vertebnta.  In  thote  aanelldei  where  the 
•egmo&fti  itfo  noft  short  nod  tnuBcrom  fiici 
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progretaive  moiion,  there  U  sometirocs  i  relative  situation  as  in  the  qiino-oerebnl 
but  one  gangUon  for  every  three  or  four  |  uti*  of  the  hvnuin  body  Mid  the  other 
tegments  asiuthe  leech,  but  in  the  niyria- 1  vertcbrata.  Sume  imagine  that  tin  se  in- 
pods  the  segments  arc  more  complete  and  termediate  nerves  come  oft  from  the  gan- 
independent  of  eadi  ot  her,  by  each  having  I  glia  Uieujselvea,  but  you  pci*ceive  by  the 
its  Inrahiand  l)oth  kmdsof  ncrvcs,amlthe|plmteiof  Ta«vi&AN(78  and  Mullbr,  that 
-whole  nre  less  intimately  united,  by  the  a  nervous  tract  exists  along  the  whole  of 
imperfect  development  of  the  syuipatiietic  i  thi^  column  in  the  scorpions,  tj^uite  dis- 
tyttem,  which  nmns  a  closer  bond  oflthict  from  the  ganglia«iie  nerves,  and  the 
imion  between  all  the  segments  of  the  same  structure  appears  to  nie  to  exist  in 
body,  by  its  mure  perfect  development,  in  all  the  articulated  claii^ies.  The  first  dr* 
highci  ai  Liculated  classes.  [  comstaoces  which  appear  to  give  rise  to  a 

You  will  observe  by  these  largo  plates  ^  modification  in  the  magnitude  of  thoso 
of  Lyonbt,  which  have  never  been  ap-  ganglia,  and  in  the  distance  between 
proached  since  his  time  for  their  minute-  them,  is  the  development  ui  the  extre^u- 


ness  of  detail  and  accuracy  of  repress 

tation,  that  there  are  thirteen  ganglia,  cor- 
jrespondiug  with  the  thirteen  segments, 
in  the  caterpillar  of  the  e«itii«,  as  m  most 
Those  ganglia,  excepting,  the 


ties  for  progressi^'e  motion  from  the  rides, 

and  an  apprcjximaflon  of  the  segments  of 
the  body.  In  the  magnified  views  be- 
fore you,  of  tbe  plates  of  Ukrold,  which 
I  have  copied,  you  will  find  rcpresenta* 
jiupra-(ESopbagcal,  wlii  li  arc  larger,  are  tions  of  the  nervous  system  of  the  j*api/io 
nearly  eiiually  developed  tiuoughout  ttieir>^(i«»ic(e  in  the  caterpillar,  iu  the  pupa 
whole  trunk.  They  are  disposed  in  pairs  state,  and  in  the  p^rlect  uuect.  Tliey 
and  are  connected  together  hy  two  co- '  represent  the  changes  in  the  nervous  sys- 
lumns  of  nerves,  which  arc  beautifully  i  tent  wtiich  take  place  during  the  raeta- 
figured  in  the  magnified  views  before  you,  ^  morplioses  of  that  insect.  We  have  here 
.cf  LrowKTi  copied  by  Goldkvsk.  \Vc  a  view  of  the  thirteen  pairs  of  ganglia, 
observe  the  two  anterior  ganglia— the i counti^i?  the  cerebral  as  the  first  pair^ 
lai^cst,  the  supra-<csophageal  or  cere bml  and  you  will  olitserve  ttiat  there  h  a  great 
ganigilia ;  they  are  contained  along  with  |  equality  in.  the  first  condition  of  the  in* 
the  second  ]ir\'ir  in  the  first  segment  or  the  sect  in  these  ganglia,  and  in  the  nerves 
head.  Behind  those  cerebral  ganglia  we  which  arise  from  them  throughout  t^e 
observe  at  a  riiort  distance  the  second  whole  body.  They  are  connected  toge- 
ganglion,  which  is  the  first  below  the '  ther  chiefly  by  the  two  longitudinal  cords 
alimentary  eatml,  and  consists  of  two  la- !  wliich  constitute  the  lower  and  principal 
teral  ganglia  united  together.  The  nerv- .  part  of  the  nervous  coluiuus.  TLoy  nre 
oosfi^ients,  therefore,  which  connect  the  also  connected  together  by  oervoas  Ala- 
fir^t  pair  of  ganglia  with  the  second,  form  mcnts,  which  pass  over  the  upper  surface 
a  passage  through  which  the  oesophagus  ^  of  thisganglia,withoutgotug  through  them» 
eoctends  hito  the  stomach.  All  the  sue-  { and  which  go  to  he  dbtributcd  for  the  mo> 
ceedlng  pairs  of  en.glia  are  pretty  equally  tions  of  the  muscles.  WV  perceive  that  this 
developed,  excepting  the  last,  which,  like  j  contiimous  baud  along  the  upper  >-m  face  of 
Hie  cerebral  ganglia,  are  larger  than  the  the  columns  has  sent  out  uurvoua  iliameuu 
otters.  The  oesophageal  ring  between  the  I  in  the  intervening  spaces  between  tho 
two  first  pairs  of  ga?!g!ia,  i's  larger  during!  ganglia.  At  an  early  period,  the  thir- 
thc  voracious  larva  atuic  of  insects  than  in  i  teeuth  and  the  twelfth  pairs  of  ganglia 
their  succeeding  conditions.  The  tbii*d{are  dosely  approximatod  to  each  oth^, 
pair orgaii;?li;i,  placed  in  the  prothonvx,  is,  and  they  are  the  first  to  unite  together, 
generally  smaller  than  the  fourth,  and  the  These,  however,  iu  the  earlier  condition 
iiKh  placed,  in  die  metathorax,  is  generally  (tf  the  insect,  are  at  a  greater  distance 
•nailer  than  the  sixth,  as  you  ohser\'c  iu  frofli  each  other,  and  the  eadiar  they  are 
tbe  larva  of  the  eo**»"f.  The  rei»t  of  the '  exantincd,  at  a  grenfer  di  tnnce  are  they 
akMloxniual  ganglia  are  ueaily  alike  to  the ,  found  from  each  otlier.  Those  are  the 
last  pair,  which  arc  closely  approadmated  two  ganglia  which  first  leave  their  origi« 


atari  early  period  to  the  second  last^  and 
arc  at  length  united  to  them. 

Between  each  pair  of  ganglia,  you  ob- 

"scrve  the  nerves  of  motion,  in  this  cater- 
pillar, carefully  figured  by  Lvo.vKr,  as 
coming  off,  and  diverging  from,  the  mo- 
tor columns,  at  a  great  distance  behind 

each  douhle  ganglion.  The«c  motor  nerves 


nal  seguieut,  and  exhibit  that  (X>nceuti-a- 
tion  which  is  observed  from  behind  for* 
wards,  or  in  a  loogitudinel  direction.  As 
the  insect,  however,  passes  through  its 
motamorplinses,  the  abdominal  scries  of 
ganglia,  ami  the  whole  nervous  system,  are 
oontrscted  longitudinally,  and  a  sigzag 
appenr.iTicc  is  ili us  produced  by  the  con- 


come  ofi*  from  the  upper  or  central  sur-  i  traction  in  the  nervous  cohimus  between 
Ihee  off  the  oglumiM^  to  thai  by  Inverthig]  the-gangli»,a»ishereinfrasentedin  thepu- 
.ttie  aaindttk^or  IM  placbfi  ||i  tiieiBiDejpa«tateJMUiciot^3vie«a<tfHKMi«, 
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Vhli  lent  potitiOB  and  zifpsag  oovrte  it 
these  nervous  coluinoa  is  changed  in  the 
perfect  insect,  by  their  shorten  intr,  between 
the  ganglia,  to  aperfcctly  straight  direction. 
You  will  observe,  also,  that  as  thepapilio 
bnuiica  is  approaching  townrds  the  pupa 
and  the  perfect  state,  certain  pairs  of  gan- 
glia are  approae^ing  to  one  another  in  a 

Iongituiiii);iI  (1ti'i?ct >: iti  ;  tluit  the  sixth  is 
approaching  to  the  fifth,  that  the  fourth  is 
approaching  to  the  third,  and  that  those 
pairs  nnite  in  the  peifect  insect  so  dosely 
together  ajs  to  constitute  one  gre^it  gnn- 
glia,  and  that  the  fourth  and  the  third 
pairs  Unites  1m>  aa  to  flarni  another  great 
gnni^lion.  The  second  pair,  or  first  sub- 
oesophagcal,  is  also  closely  approximated 
to  the  firat  or  cerebral  pan-,  as  the  insect 
advances  to  niatunty.  lu  the  eai-liest  pe- 
riod, the  most  voracious  condition  of  the 
insect,  there  is  a  great  distance  between 
tiie  ftret  aad  second  pairs  of  ganglia,  and 
a  large  space  is  loft  for  the  a!.'iophagu8  to 
pats  through.  This  ring  becomes  con- 
Itacted,  and  in  the  peiftct  state  the  cere- 
bral ganglht  are  very  much  increased  in 
size,  the  organ<<  of  the  senses  have  now 
all  bcooine  inueh  ttioie  developed,  and  all 
the  organs  9i  the  head  are  inoreased,  the 
palpi,  the  antenna',  the  eyes,  the  maxilkt.  ' 
-  We  have  hei*c  also  illustrated  by  Ub- 
MOLO,  in  this  butterfljr*  the  dreumstance, 
much  more  common  in  coleopterous  in- 
sects, that  the  nervous  matter  which  ori- 
ginally constituted  some  of  the  ganglia  in  ! 
the  earUcat  state  of  the  insect,  has  been  , 
coiivcyerl  forward  into  the  Tium*  anterior 
ganglia  ol  the  nervous  system,  and  is  thus 
emplaned  to  enlarge  the  other  more  im- 
pnrtaTJt  ganglia  of  the  thorax,  mvi  that 
two  of  the  g^glia  have  here  entirely  dis- 
ameared,  ^blcli  nenlly  remain  m  le- 
piaQfAerous  and  tymenopterous  insects. 
Tho?o  ganglia  have  not  ft<Ivanccd  by  the 
obliteration  of  the  iutcrveniug  columns, 
to  join  the  5th  and  the  6^  as  in  ci^&r 
similar  ganglia,  for  you  perceive  the 
nerves  are  stUl,  in  the  perfect  insect  gpiven 
off  from  those  precise  portions  of  tin  co- 
lumns which  were  occupied  by  these  gan- 
glia in  the  larva  state  of  this  butterfly. 
There  arc  numerous  other  nervous  gan- 
in  toeects  and  other  articnlata,  be- 
STfle*;  those  whicli  fir*^  ronnerted  with 
this  great  nervous  column,  the  analogue 
of  the  spiBO-cerebral  aais  of  the  verte- 
brata.  These  are  seen  extemlln^'  from 
the  cerebral  lobes  themselves,  small  ner- 
vous filaments,  which  unite  into  the  first 
tl  a  longitudinal  series  of  sgonpathetic 
gan^ia.  The  iir^t  of  these  iiympathetic  oi 
lisoratd  ganglia  scntts  out  tilameiits,  and 
Aiffttier  on  In  the  oeurse  <tf  tiiese  IHannnts 
another  panplion  is  observed  ;  thus  the 
^paicBi  oi  iho  >gnsat  sympatbetk  so  wi* 


nntely  ieftifled  In  llie  plates  of  liTONBT* 

Those  filaments  of  the  sympathetic  pui* 
^lia  are  observed  to  be  distributed  upon 
the  principal  viscera  of  organic  or  vege- 
tative life,  and  it  is  by  the  development 
and,  extent  of  tl  is  -nmql'onic  system  ofi 
the  visowa,  so  minutely  desciibed  by 
Ltonrt,  Dupooa,  SraAus,  and  many 
others,  that  the  vital  connexion  of  all  the 
segments  is  chiefly  estabUshed.  You  will 
also  observe  here  represented,  distinct 
ganglia  on  all  the  great  cerebral  iMrvei> 
guhig  to  the  principal  orc:nns  of  the  senses. 
There  is  oue  on  each  ot  the  nerves  going 
to  the  antemue,  the  same  on  the  nerves  of 
the  mandibles  and  the  palpi,  and  there  are 
four  large  accessory  ganglia  of  the  brain, 
behind  its  lobes,  as  you  perceive  in  these 
magnified  views  of  the  nervous  system  of 
the  uielotontAa  vulgarh,  given  by  STRAua. 
These  numerous  ganglia,  connected  with 
the  organic  ftmctlone,  occnpy  a  middle 
jKisition  in  the  body,  hclow  the  level  of 
the  cerebral  lobes,  and  above  that  of  the 
the  abdominal  ganglia.  These  ganglia 
throughout  the  body  of  insects,  though 
varying  in  magnitude,  have  nearly  the 
same  structure  wherever  tbey  occur; 
they  have  generally  an  appearance  of 
cortical  or  ciucritious  substance,  in  which 
tlic  sensitive  nerves  appear  to  terminate, 
and  in  the  larger  ganglia  on  the  colnmns,- 
this  exterior  cortical  part  is  seen  to  en- 
close, on  each  side,  a  small  round  portion 
of  wliite  soft  matter.  The  development  ia. 
marlced  first  by  an  approximation  of  thft 
whmms  and  their  ganglia,  transvei-sely,, 
to  the  median  plain,  and  tlien,  by  an  ap* 
pKnimation,  a  grouping  and  a  coalescing 
of  the  ganglia,  in  a  longitudinal  direction. 
This  longitudinal  concentration  proceeda 
to  a  rery  variabte  degree  in  tms  ctafs^ 
some  insects  retaining  in  their  mature 
state  the  lem^thened  fonn  of  tlio  body, 
and  the  detached  iiueal  arrangemcut  of  ail 
the  separate  pairs  of  abdominal  gaiigile« 
as  in  the  annelides  and  the  larvte ;  while 
other  insects,  as  this  petUutQim  and  this 
meMmUka,  have  tiie  aervons  msitter  of  aO 
the  original  pairs  of  crani^lia  concentrated 
and  accumulated  in  two  points  of  the 
body,  in  the  head,  around  the  cesophagus, 
and  in  the  centre  of  ttie  thoras,  from 
which  the  legs  radiate,  «s  we  observe  it 
developed  in  the  most  elevated  ol  ci-uata* 
oea  and  fa  the  higher  classes  of  mdllnsca. 

The  nervous  system  of  the  arachnids 
presents  an  intermediate  condition  of  de« 
velopment  betwixt  that  lengthened  and 
equal  distribution  met  with  in  the  loii0» 
bodied  inseets,  and  that  highly  concen- 
trated condition  wiiich  it  presents  in  the 
short  and  bvoadptediedhvadiyouroiis  deeaf* 
]>ods  nmnnj:  the  Crustacea.  The  separa* 
tioiLof  the  superior  or  motw  ooliuuDrfrMI 
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the  two  Inferior  or  Motitive  ooliimiM,  is ' 

more  obvious  here  than  in  any  other  ni-ti- 
ailata,  and  was  first  carefully  traced  aad  ^ 
figured  in  this  claM.  Yoa  m»erve  them 
ftgiircd  in  these  plates  of  Treviranus  , 
and  ^Tt  J  f  ER,  and  in  the  (lissected  scor- 
pions belure  you.    Indeed  the  motor  co- 
raoin  Is  here  so  loosely  connected  ^with  ^ 
the  two  ganglionic  columns  below,  ex- 
cepting at  the  ganglia  themsdvcs,  that . 
mf  learned  friend  Dr.  MrLi.sn  was  at  \ 
first  inclined  to  diflTer  from  Trevirani  s 
»s  to  the  true  nature  of  this  upper  co- 
lumn, which,  however,  he  has  faithfully  ' 
represented  as  touching  all  tlie  abdominal 
gant':!!^  ill  it?  course.    It  is  more  "Ifwely 
connected  with  the  two  sensitive  columuii  i 
'helow  in  ^e  region  <^  the  abdomen,  ttian 
ill  the  long  narro\v  muscular  fail,  where  it 
is  more  flat  and  more  spread  over  thej 
upper  surface  of  the  two  ganglionic  co- 
JmanM,  as  it  is  in  the  Crustacea  and  the ! 
other  articulated  classes.   The  two  kinds  I 
of  nerves  come  off  here  together  at  the  \ 
ganglia,  as  in  ^e  myriapods,  and  not  at  a ; 
distance  between  the  paii-s,  as  in  most  in 
aects  and  cmatacea,  where,  however,  this 
distance  of  the  origin  of  the  motor  nerves 
from  that  of  the  sensitive  I  have  found  to 
differ  greatly  not  only  in  different  species 
of  the  same  class,  but  in  different  parts  of 
the  body  bi  the  same  animal.   In  tbepoe- 
terior  part  of  the  truj^k,  the  motor  nen'es 
come  00"  at  a  distance,  great  in  insects 
and  short  in  erastacea,  beldnd  eadi  pair 
of  ganglia.    But  as  v\e  advance  through 
the  trunk,  they  begin  to  approximate  their 
origiuji  till  thoy  both  arise  from  the  aame 
points  of  the  columns.    The  nwrves  of 
the  hack  pai't  of  the  chord  in  the  scorpion 
diverge  at  right  angl^  in  numerous  na- 
nnte  fasciculi ;  but  as  we  advance  to  the 
trunk,  we  find  the  wholt*  nori-cs  coming 
off  in  one  large  fa.^ci cuius  on  each  side  of 
oach  double  ganglion,  aad  these  large 
single  nerves  «lirccted  tmckwards  cd  an 
acute  angle.    The  ganglia  of  the  trunk 
have  formed,  you  perceive,  in  the  scor- 
pion one  Iwge  nervous  mass,  from  which 
all  the  nerves  of  the  legs  and  the  surround- 
ing parte  take  their  rise,  as  from  a  single 
ganglion.  This  is  the  Icind  of  oonoentra- 
tion  w  e  see  in  the  thorax  of  many  of  the 
coleopterous  insects  and  in  the  higher 
Crustacea. 

.  The  snpra-oesophag^  ganglion  is  here 

compai-atively  small,  on  ncronnt  of  the 
small  number  of  organs  of  the  senses,  and 
the  smallness  of  the  cephalic  amndlces, 
which  have  to  receive  ncr\'C9  from  that 
8upra^3BSOphageal  ganglion.  But  the  lar|^ 
arttcidsted  organs  for  progrenire  motion 
SU'e  developed  from  the  sides  of  a  liighly 
developerl  thoracic  region.  On  this  ac- 
count w  e  hud  that  tho  £u.cumulated  gaa< 


glla  are  of  great  sise,  which  are  plaecd 

together,  so  as  best  to  supply  their  ner\T!» 
below  the  alimentary  canaC  at  the  ante- 
rior and  lower  part  of  the  tranlc.  Bf  frr 
the  lai^est  ganglionic  maijs  of  the  bo<ly  is 
placed  in  that  situation.  It  is  composed 
of  se\  eral  ganglia  united  together  on  each 
side^  forming  here  a  larf^e  mass  of  ner- 
vous substance,  frnni  which  nnmeron^ 
large  oer%'ous  trunks  radiate  lateraih*  to 
the  muscular  parts  of  the  trunk  aadT'tiie 
extremities,  tlie  viscera  being  supplied 
from  the  onlinary  sympathetic  ganglia 
above,  as  in  insects. 

In  the  diversified  forms  of  eruMfaeeoui 
animals,  we  meet  with  every  condition  <rf 
the  nervous  system,  from  that  of  the 
larva  or  the  aanelide  to  that  of  the  most 
elevated  of  the  coleopterous  insects.  And 
it  has  been  observed,  that  the  most  con- 
centrated form  of  the  nervous  system  met 
with  in  the  high^  Crustacea,  in  the  hca- 
chyourous  decapods,  prarlually  acquires 
that  concentration  of  its  ganglia  by  pass- 
ing through  all  the  inferior  coaidltioiui 
Nvhich  present  themselves  as  permanent 
or  adult  forms  in  this  class.   Many  of  the 
lower  cmsiaeea,  especially  among  the  ano- 
phipoda  and  isopoda,  have  the  segments 
which  encompass  the  body  equally  deve- 
loped from  the  anterior  to  the  posterior 
extremity  (^thetnmk,  and  this  equal  de* 
velopment  i^  seen  nhn  in  the  nerves  and 
ganglia  of  these  segments.   In  the  com- 
mon sand-hopper,  fcMfnts  IseMsfe,  whidi 
we  scr  in  myriads  consuming  the  ejecta- 
incuta  of  the  sea  on  all  our  coasts  in  the 
summer,  the  nervous  system  presents  the 
lowest  adult  condition  met  with  in  this 
clfifs.   The  lont^itudinal  columns  and  the 
minute  ganglia  along  their  course,  remain 
separated  from  each  other  by  a  small  tpaee 
on  the  median  lino,  nnd  the  ganglia  re- 
main equally  developed  in  aU  the  seg* 
ments,  and  the  pairs  are  equally  dfatant 
frotn  each  other  in  a  longitudinal  direc- 
tion.   This  is  the  condition  of  the  ner- 
\  ous  isystem  which  the  highest  Crustacea 
present  only  in  their  embryo  state  in  the 
ovum,  and  which  in  tlioni  is  only  r\  tran- 
sient form.   There  is  no  reason  for  the 
concentration  of  these  ganglia,  or  their 
enlargement  in  any  particular  part  of  the 
body  in  this  long  narrow  leaping  animal. 
In  the  short  and  broad  trunk  of  the  cymo- 
ihoa,  the  nervous  columns  have  already 
approached  to  touch  each  other,  and  the 
ganglia  on  the  two  sides  have  coalesced  to 
form  a  single  chain  on  tiie  median  plamr, 
nearly  cqnally  developed  throughout  their 
course.    This  transverse  concentration, 
whidi  Is  teen  in  the  lower  forms  of  Crus- 
tacea, is  succeeded  in  higher  species  by  a 
longitudinal  concentraticm,  directed,  as  ia 
|ia»ecta  and  arachuida,  chiefly  to  tv^e 
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point*^,  the  head  and  the  thorax,  from  ' 
vrbich  the  most  miportant  appendices  of 
the  -fegmeiits  arc  developed.  In  the  long- , 
tailed  decipod^  m  the  loboter  and  the 
cray-fith,  you  ohsen'c  the  ganglia  have  j 
coalesced  transversely  along  the  whole 
cf  the  columns,  bat  in  the  region  of  the  | 
thorax,  from  which  the  legs  arc  developed, 
you  i>erceivc  these  ganglia  have  enlarged,  ^ 
and  have  approximated  also  m  a  longitu-  j 
dinal  direction.    In  the  lowest  forms  wc 
saw  t)iat  there  was  yet  no  longitudinal ' 
concentration  cither  towai-ds  tl»c  anterior 
or  the  posterior  part  of  the  hody ;  indeed  j 
thoee  parts  are  even  smaller  than  the 
middle.  Bat  now  that  the  organs  of  motion 
have  become  greatly  devdoped  on  the  an- 
terior part  of  the  trnnk,  we  ohscn'e  a  corre- 
sponding increase  in  that  part  of  the  ner- 
vous system.  The  segments  on  the  anterior 
.  and 'on  the  posterior  part  of  the  trunk  of 
Crustacea,  first  approacli  and  coalesce  lon- 
gitudinally, and, it  is  thus  that  we  see  the 
Hirst  entai^ement  of  the  cephalic  and  of 
the  candal  frmr^lia,  fi*om  their  conijionnd  ' 
nature.   This  is  especially  oh%dom  at  the  ; 
head,  where  the  numerous  lateral  appen-  , 
dices  show  that  it  is  composed  of  many  j 
anchylosed  >;cgmcnts  in  Crustacea  as  in 
insects.   Tiie  caudal  ganglion  in  the  lob- 
ster you  observe  of  great  idlb,  drawn  up 
from  the  last  to  the  penultimate  segment, 
and  united  into  one  with  the  ganglion  of 
that  second  hut  segment  Those  post- 
abdominal  ^nglia  placed  before  tills  wrge 
caudal  ganglion  remain  permanently  small 
and  equally  developed  iu  the  lobster,  and 
in  the  narrow  and  large-tailed  decapods,  i 
Bnt  the  five  ganglia  that  fire  contained  ' 
within  the  livo  segments  of. the  thorax,! 
require  a  greater  siee,  in  consequence  off 
the  do\  clopment  of  the  large  articulated  ! 
organs  of  motion  from  those  five  thoracic 
segments,  and  they  are  enclosed  in  osseous 
riugs,  distinct  from  those  which  envelop 
the  other  viscera  of  the  trunk.    There  are 
always  between  the  supm-asophageal,  and 
the  infra-cesophageal  ganglia,  two  long 
nervous  cords  in  this  class,  passing  on 
each  side  of  the  cesophagus,  so  that  the 
cesophagus  here  passes  through  a  very 
long  nervous  ring,  as  I  have  represented 
in  the  figures  nf  their  nervous  system 
before  you.    Where  there  are  numerous 
and  large  appendices  of  the  head  to  he 
fiipplicil  with  nerves,  such  as  these  two 
pairs  of  long-jointed  antennae  (and  those  i 
are  sometimes  subdivided  longitudinally ' 
in  the  cnutaoea,  where  there  are  organs 
of  hearing  developed  as  in  the  higher 
Crustacea; ,  where  there  are  large  com- 
poimd  (n^pans  of  vision,  nomerous  jaws, 
and  muscular  apparatus  of  the  head,  the 
supra-cesophageai  ganglia,  or  the  aggre- 
gate cephalic  ganglia,  must  be  propor- 


tionally large,  and  we  find  this  to  be  the 

case. 

But  the  highest  condition,  the  most 
concentrated  form,  of  the  norons  s\  tt  m 
met  with  in  the  rru«taoea,  or  in  all  the 
articulated  classes  of  animals,  is  that  which 
is  found  in  the  braehyourons  or  short- 
tailed  decapods  ;  n'.'-d  \v.  nono  of  that 
group,  perhaps,  is  the  coni  cntrution  more 
marked,  and  to  a  greater  degree,  than  in 
this  spider-crab,  Mw/a  sqnoiafh,  where  all 
the  snb-opsophageal  or  abdominal,  and  tliR 
thoracic  ganglia,  coalesce  into  one  great 
nervous  accumidation  in  the  centre  of 
their  short  and  rounded  body.  It  is  quite 
clear  irom  observing  the  tfhort  globular 
form  of  this  meiff,  that  there  wasnoneces* 
sity  for  lengthening  ont  this  great  nerv- 
ous centre  to  supply  those  cttremtties, 
because  of  their  so  radiating  from  around 
a  central  point  in  the  middle  of  the 
trunk.  Accumulating  all  those  suh-tpso- 
phageal  ganglia  close  to  each  other  into 
one  large  round  nervous  mass,  the  se- 
piratn  nerves  could  more  convcTiicntly 
be  sent  out  to  those  diverging  muscular 
extremtries,  and  much  better  than  if  all 
the  ganglia  here  collected  into  one  Imd 
been  kept  as  usual  at  a  distance  from  each 
other  in  a  lengthened  scries.  The  ce- 
phalic or  supra-cesophageal  gangUon  in 
these  hrachyourous  de^-apods  is  compara- 
tively small,  from  the  smallncss  of  the 
parts  developed  from  the  head.  Between 
these  two  ganglia,  the  cephalic  and  the 
thoracic,  extend  the  two  great  cords  which 
embrace  the  (esophagus,  and  the  cohnnns 
continue  slender  and  without  ganglia^ 
giving  off  nerves  along  the  median  plane 
to  the  anus.  The  ganglia  on  the  visceral 
nerves,  and  on  thoee  of  the  senses,  are  seen 
ill  this  as  in  the  other  cmstaceous  animals* 
and  in  all  the  cntomoid  artic'dntR. 

The  nerves  of  motion  coining  fix)m  the 
upper  column  are  very  large  in  the  lobster 
and  other  iiiarrourous  decajK)d«,  e««pcciany 
iu  their  post-abdomen,  from  the  great 
mnscukrity  of  that  part  of  their  body. 
These  come  off  ii-  tli  it  region,  you  per- 
ceive, at  a  shorter  distance  behind  the 
ganglia  than  in  most  insects,  but  in  tho 
regton  of  the  thora.^  it  b  obviously  more 
convenient  for  them  to  come  oft"  at  thf 
same  |>oiuts  as  tho  sensitive  nerves,  to  ar- 
rive together  at  the  cvtremitics.  In  this 
posterior  part,  you  observe  two  princi- 
pal trunks  coming  off  from  each  side 
of  these  doable  ganglia.  One  of  these 
tnmks  immediatciv  passes  below  and  the 
other  above  the  large  longitudinal  mus- 
cles, in  the  same  manner  as  you  see  in 
the  two  corresponding  nervous  trunks  of 
the  larva  of  the  cossus,  so  accnrntfly 
figured  by  Lyosiet.  The  ganglia,  in  this 
region  m  tilc  bodyj  are  cooipantiveljr 
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mtll.  but  In  tlMi  iM^t  oandai  -ganglion ; 

you  perceive  c -i^Hy  the  r  vn  centvat  lobes 
of  soft  white  matter,  fiuiii  the  corkkai  part, 
surrounding  M^hich  the  •entiliTC  nervM 
come  off,  as  is  still  more  distinctly  seen 
in  the  scolopendra^,  among  the  myrinpods, 
where  all  the  j^agUa  ot  the  coluinna  are 
large  and  united.  The  tame  it  easily  seen 
ill  tVie  large  thoracic  g:anglia  of  the  lob- 
ater  or  the  cray-fiah.  The  motor  nervet» 
off  in  large  tufU,  directed  upwards 
and  in  contact,  and  hy  pulling  them  asun- 
der in  the  thoracic  region,  we  rciiiovc  the 
;two  divisions  of  the  motor  coluniu  fioiu 
lavge  ganglia  beneath,  and  expose  the 
white  lobes  of  these  brains  of  the  seg- 
ventq* 

On  looking  into  this  skeleton  of  the 

cray-fish,  you  observe  that  there  is  a  solid 
entothot  acic  canal  to  protect  these  great 
;tiervous  columns,  and  to  separate  them 
from  tiie  general  cavity  above,  containing 
the  other  viscera.   These  arc  vertebral 
foramina,  for  the  columns  of  the  spinal 
aaiTow,  but  placed,  you  observe,  lielow 
the  bodies  of  the  vertebra?,  and  where  the 
motor  column  is  actually  above  the  sen- 
sitive in  the  ordinary  position  of  the  ani- 
inal*s  body.  ¥^en  you  t  x  in  ine,  how- 
over,  the  relative  position  of  all  the  other 
systems  of  these  articulated  animals,  you 
will  perceive  Oiat  there  is  a  reason  for 
this  apparently  inverted  position  of  the 
inotor  column  of  nervous  filaments.  The 
articulated  classes  of  animals  ate  tnmed 
«pon  their  backs,  that  this  all-important 
nervous  system,  in  their  delirnte  ar  I  com- 
paratively unprotected  though  hij^hly  or- 
ganised bodies,  may  be  in  the  best  posi- 
tion IVtr  protection — runuing  thus  along 
the  under  or  abdominal  rf^ion,  while  the 
organs  of  the  senses  are  directed  upwards. 
.  It  is  thus  that  we  see  thnt  their  digestive 
Apparatus,  in  place  oi  running  along  the 
under  or  fore  part  of  the  great  nervous 
columns,  as  it  does  in  vcrtebrata,  mns, 
in  the  natural  t  osition  in  uhich  we  see 
these  animaU  moving,  along  the  upper  or 
idorsal  aspect  of  their  spino-oetebral  aids. 
Their  respirator)-  organs  also  arc  here 
placed  in  an  inverted  position,  for  mo  see 
.them  in  the  ci  ubtacca  extending  from  the 
hanndies  upwards  towards  the  back,  and 
not  hanging  forwards  as  usual  from  that 
part  of  the  trunk.   Wo  soo  the  heart,  the 
^reat  centre  €i  the  <xronlatioa,  in  theae 
articulated  annuals,  in  place  of  occupying 
the  anterior  or  inferior  part  of  the  body 
,(ia  front  both  of  the  nenrous  and  of  the 
^igoitive  system  of  organs,  as  in  verte- 
hrata),  placed  along  ^e  middle  of  the 
bade   We  were  at  first  surprised  to  hear 
§tom  Hbbou)  and  RATuaa  that  the  um- 
bilicus entered  by  the  back,  and  not  by 
the  front  part  of  the  body,  in  the  acach- 


nida  and  erastacea.   This  is  the  proper 

place,  however,  for  it  to  enter,  as  in  ver- 
tcbrata.  How  could  it  bare  reach  its 
proper  place  if  it  entered  in  frosit,  or  hf 

the  nnrlcr  surface,  \vherc  the  nrrvous  CO- 
lumus  and  the  musdeit  are  placed?  It 
enters  directly  fnm  behmd  into  tlie  fak> 
testine,  which  here  runs  along  in  the  mid* 
die  of  the  back  near  the  surface.  So  it  is 
then  with  those  nervous  columns  for  acn- 
sation  and  motion,  which  are  also  obvv 
oiiSly  jdaeed  in  the  r-anic  inv  erted  i)ositioii 
as  the  other  organs  ot  the  trunk,  and  all 
are  placed  in  the  proper  rdative  poel^ 
tions  which  they  occujjy  in  the  verte- 
brata,  by  simply  inverting  the  l>ody  of 
these  uutinaU,  and  opening  the  mouth 
below.  Although  the  nervous  ring  and 
the  body  of  the  vertebra?  are  thus  alrea<Ty 
developed,  the  inferior  vascular  ring  in 
not  developed  till  the  tiody  is  turned  up- 
wards to  its  projier  position  in  fi>hcs. 

Thus  the  most  elevated  form  of  the 
nerv  ous  system  met  with  in  this  great  ar» 
ticulated  division  of  the  animal  kingdom, 
begins  its  career  of  development  with  tv  o 
simple  abdominal  iilauicnts,  like  the  lowest 
helminthoidfonn  of  the  entoaoa,  and,  bjr  a 
gradual  process  of  concentration,  longitu- 
dinally and  transversely,  from  the  per> 
riphery  to  the  central  parts,  it  arrives 
at  the  condition  of  the  cydo«ganfli(Kled 
classes,  with  its  great  fian^ia  OOnfiBOd  la 
the  a-sophageal  ring. 


The  soft  condition  of  <he 
ter,  and  of  its  enveloping  ncurilema,  which 
we  see  iu  these  large  aquatic  articulata 
the  crustaoeous  animals,  we  find  atiB  mon 
marked  throughout  the  molluscous  classes, 
which  are  composed  almost  entirely  of 
aquatic  animals.  The  nervous  syBleai^ 
distinctly  developed,  and  provided  with 
several  ganglia,  in  nil  the  molluscom 
classes,  from  the  lowest  of  the  compound 
ttmieata  to  the  highest  of  the  ttpkmip9iti 
and  iiotwithstaiulinp^  the  great  diversity 
of  form  which  the  animals  of  this  diviston 
present,  and  the  less  peifeet  acfnaiAfaaee 
obtained  with  the  distribution  of  the  ner- 
vous system  in  thf  ir  \'Hrious  forms,  from 
the  diibculty  which  lU  surtiiess  present 
to  its  minute  investigation,  we  can  psr- 
ceive  a  certain  similarity  of  character  and 
unity  of  plan  in  the  development  ol  tbk 
system  in  tiie  cyclo-gangliated  cisassa.  It 
exhibits  in  these  classes,  as  in  the  short 
round  bodies  of  the  cyclo-neura,  a  tend- 
ency to  develop  and  accumulate  around 
the  anterior  extremitj-  of  the  alimentary 
canal.  In  the  tunica^  and  oonchiff-rous 
animab  its  great  centres  present  a  sub* 
orsophageal  <Aiaraoler;  in  the  gastaropads 
and  the  pteropods  they  are  imu  e  equally 
diltnbutod  aimiiid  tlw  entcaaqi  t» 
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digestire  canal,  and  in  the  more  elevated 
forms  of  cephalopods  they  mount  to  a 
aupra-ccsophagcal  position.  We  have  seen 
that  the  tendency  of  development  in  the ! 
«rticulated  classes  is  to  produce  this  con- 
ceatraUon  of  the  nervous  tyttem  around 
the  u;sophagus,  nnl  the  nearest  approach 
4o  the  cyclo-gangliatcd  character  is  seen 
in  the  highest  Crustacea,  in  the  short 
found  booiea  oi  the  bndiyotirotti  dc- 
jcapods. 

In  the  aggregated  iunicata,  as  in  the 
ie/fyHw  and  the  pyrowmot  there  is  a 

small  round  ganglion  within  the  inuHcular 
(unic  of  each  of  the  component  animals, 


the  conch\fermt$  animals,  wc  percci%'e,  on 
throwing  aside  the  gili^  auU  tUe  luteial 
prolongations  of  Ae  lips,  two  guigUa 
placed  on  t}ie  lower  and  lateinl  parts  of 
the  mouth,  which  send  up  nervoua  fiJa- 
mentt  to  enoompeei  the  oeiophagus  nnd 
supply  the  anterior  parts  of  the  .tcunlc. 
Two  double  nervous  columns  cxteud  from 
these  gauglia  backwards  to  the  batie  of  the 
footi  running  parallel  and  near  to  each 
other,  and  almost  in  the  median  line  of  the 
body.  These  two  sub-abdominal  coiiuiuu 
of  motor  and  sensitive  nerves,  arrived 
at  the  back  jiart  of  the  liver,  and  at  the 
broad  base  of  the  foot,  mest  another 


lilaced  near  the  entrance  of  the  respira-  {  pair  of  sjmmctrical  ganglia  of  great  size, 
tory  orifice,  and  between  that  opening 
and  the  anal.  When  we  compare  the  po- 
sition of  these  apertures  with  tiiuse  of  the 
conchifera,  we  percdve  that  this  ganglion 
is  situate  on  the  ventral  part  o*  the  body 
and  is  sub-cesoubageal,  though  at  some 
distance  from  the  entrance  to  the  diges- 
tive cavity.  This  ganglion  generally  sends 
small  filaments  around  the  respiratory 
orifice,  and  also  backvsurds  to  tlie  anal 
aperture  of  the  sac  You  observe  the 
same  ganglion  figured  by  Saviony  in 
these  compound  animals,  the.  polj/climtm^ 
fhe  t^^idium,  the  didimnumt  the  eue^htm, 
the  synoicum^  the  diazona^  the  cfix/oma,  and 
in  all  the  higher  forms  of  simjjle  ascitfitv 


and  which  send  out  numerous  nerves  to 
the  muscle^  of  the  foot  and  to  the  ncigh<* 
bouring  organs.  The  two  symmetrical 
double  columns  continue  baclcwards 
rallrl  to  each  other,  and  iu  the  middle  of 
the  abdominal  surface  of  the  trunk,  to  the 
back  part  of  the  ovary  or  the  inferior  sur* 
face  of  the  great  adductor  nmscle  of  the 
valves.  In  that  place  they  meet  with  two 
smaller  ganglia,  from  which  large  nerves 
pass  into  the  muscle  itself,  and  the  two 
parallel  columns  continue  backwards  to  the 
anus.  In  the  common  muscle  these  two 
posterior  terminations  of  the  tnh-abdo- 
niinal  columns,  after  encompassing  the  rec- 
tum, pass  on  to  the  li  inged  and  ciliated 


Tiie  filaments  from  this  gaitgliun,  after  posterior  openings  of  the  mantle,  on  Nvhicii. 
anrrounding  the  respiratory  wiAoe  of  the  they  are  extensively  distributed,  both  on 
sac,  sometimes  tmitc  above  that  opening  i  tlir  :ui;il  and  respiratory  orifices.  These 
to  form  a  separate  ganglion,  from  which  I  two  sui)-abdominal  columns,  and  the  pairs 
nervous  filaments  extend  along  the  back.  |  of  ganglia  symmetrically  disposed  uong 
These  ganglia  appear  to  be  more  con-  their  course,  vary  in  their  relative  deve- 
nected  with  the  muscular  apparatus  ofjlopment,  and  in  the  magnitude  of  the 
the  respiratory  sac  and  its  orifices,  like '  cords  they  give  ont,  according  to  the 
tlie  third  or  posterior  pair  of  ganglia  in  I  various  fomui  of  these  inhabitants  of  bi- 
the  conchifera,  til with  the  deep-seated  |  valve  shells,  and  the  magnitude  of  the 
vital  organs.  Tlic  minuteness  and  soft-  parts  they  have  to  supply.  Other  gangUa 
ness  of  all  the  parts  in  the  separate  ani>  |  on  partlcuUur  nerves  are  also  seen  in  di^ 
mals  of  these  compound  tunicata,  i)reveut  fei'cnt  part^  of  the  bddy,  but  gcncnillr 
the  tracuig  of  the  nervous  filaments  in  smallei*  than  those  of  the  sub-abdominal 
them  connected  with  the  organic  func*  I  columns  of  motor  and  sensitive  nerves^ 
lions,  but  in  the  simple  or  detached  forms '  which  are  the  most  constant  in  this  clas^ 
pf  ascidirc,  which  af-qiiire  a  greater  size,  and  are  aunloe^ous  to  those  pointed  out  by 
as  the  cynthia  and  p/ta((ugia,  these  visceral  Mbckul  iu  the  sac  of  the  tunicata.  In  the 
or  sympathetic  ganglia  are  more  obvious.  I  magnificent  work  of  PoLionthese  bivalved 
Three  ganglia  are  tlicrc  observed  in  the  animals,  and  in  the  wax  models  of  these 
abdominal  cavity,  extended  between  the  parts  executed  under  his  direction  for  thft 
ytomach  and  the  respiratory  sac,  and ,  museum  of  Fkris,  yon  will  find  these  nerves 
aeiwUng  nerves  to  the  surrounding  parts,  i  described  by  him  as  lacteal  vessels,  and  the 
These,  which  were  first  described  bv  gana;lla  n<*  lacteal  reservoirs,  a  mistake 
JVIbckbl,  may  be  considered  as  occupying  nuo  ^shich  he  was  led  by  their  niilk-whitv 
a  sub>alKtoininal  ritnation,  like  the  three  colour  and  softness,  and  the  facility  of  in- 
corresponding  pairs  of  the  conchifera.  jectiir^  thctn.  The  anterior  ?iiH-u*8opha- 
Thesc  tunicated  animals  generally  poa*  geal  pair  ot  ganglia  send  up  lateral  fila- 
#ets  exquisite  sen^iUty  in  the  maiglns '  ments  to  snrround  the  mouth  and  supply 
and  tentacula  of  the  respirator)'  orifices, '  the  long  tentacular  striated  lips,  and 
which  are  ciliated,  like  the  gills  for  tlie  sometimes  this  oral  nervous  ring  is  closed 
respiratory  currents,  as  in  the  conchifera.  abovu  tiie  oesophagus,  and  developa  a 
*  Atthft  bottom  of  tho rvspintory  loc in  fttpra-ooMiphageol  gaagMooi  w)Mce  tlmf- 
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meet,  thm  approaching  to  the  cliaracler 
of  the  gasteropods. 

The  nervous  gystem  of  the  ^uteropods 
presents  a  much  higherdevelopmeut  in  the 
region  of  oeaopiiagas  or  the  head,  and 
a  much  greater  concentration  in  that  place 
tlian  the  conchifera.  We  aomctiines  find 
all  the  ganglia  of  that  part  of  the  hody 
accumnlated  into  one  great  8upra>ofso- 
phageal  ganglion,  as  you  observe  in  this 
oonimon  sea^snail,  dorin  aryus.  Again,  in 
momtt  as  in  the  aplytia^  there  nre  three 
nen'ous  t^nrrrlia,  forminp,  1  y  ti  e  nerves 
which  join  theiD,  a  continuous  nervous  cir- 
cle around  the  oesophagus,  and  anterior  to 
tlu'*e  is  a  large  sul)-a'sophagcal  g^glion, 
bt'low  the  muscular  i)art  of  the  mouth,  so 
that  a  double  nervous  ring  it»  here  formed. 
Thoie  nervous  filaments  in  tiie  aplysia, 
pp-ssing  tipwards  from  the  supra-ncsopha 
gcal  ganglion  go'cbiefly  to  the  teutacula,aud 
parts  ahont  the  month ;  those  firom  two  1a- 
teral  ganglia  go  to  the  sides  and  back  of  the 
trunk.  But  \veol).scrvealsointheaiilysiatwo 
long  nervous  filaments  passing,  ouc  from 
r&ch  of  the  two  lateral  nervous  ganglia  of 
the  oesophagus  downwards  and  to  the 
right  side  of  the  hody,  where  they  meet 
upon  the  aorta,— upon  the  principal  trunk 
•  'oniiug  from  the  lieart ;  and  that  at  the 
point  of  junction  of  these  dcsccndiug 
chords,  there  is  a  large  sympathetic  or 
visceral  ganglion,  which  sends  out  nerves 
to  the  neighbouring  organs  of  the  abdo- 
men. 

In  the  kaJhIig,  or  sea-ear,  we  see  no 

true  supra-oDsophagcal  ganglion,  hut  two 
small  lateral  ganglia  joined  by  a  minute 
ncrvons  band  passing  over  the  oesophagus } 
and  from  these  lateral  ganglia  pass,  down- 
wards ajid  backwards,  four  nervous  chords, 
to  join  a  larger  posterior  and  inferior  gan- 
glion placeil  on  the  median  plane  of  the 
body.  From  this  inferior  niedim  gan- 
glion pass  backwards  a  series  of  parallel 
nervous  chords  to  the  posterior  part  of 
the  body;  but  there  is  no  repetition  of 
ganglion  along  these  inferior  longitudi- 
nal nervous  chonls,  as  in  the  articulata. 
The  nervous  system  is  similar  to  this  In 
the  common  limpet  or  patella  in  every 
part.  In  the  common  bucciuum  ttndnium 
there  is  but  one  large  infra-asophageal 
gauglion»  which  radiates  nervous  filaments 
to  all  the  suiTonnding  part«.  In  the  jau' 
thiua  there  are  two  pairs  of  a'so[iliagcal 
ganglia;  in  the  UnmeOf  the  oesophageal 
ganglia  ai'C  so  approximated  as  to  form  a 
continuous  collar  round  that  part^  in  the 
McillcilKiii  they  form  a  broad  band  by  their 
union  above  the  oesophagus,  and  they  arc 
ifimilarly  unite*!  on  the  cr^opliagns  in  this 
little  iluating  ncyllaa  peiayica. 

In  tbejifcnQMMlii^  thogreat  norvous  oen- 
M  prewat  Ote  iNme  gemiil  dwractm, 


of  portion  on  tiie  entranoe  to  Uio  eeso- 

phagus,  and  variety  oi  outward  form  in 
the  different  species,  as  we  have  seen  in 
the  gasteropods.  They  form  a  chain  of 
four  detached  oesophageal  ganglin  in^ 
little  clio  borealia.  In  the  pneu modermon 
they  ibrm  a  very  narrow  ganglionic  band 
above  the  oesophagns,  and  a  group  of  tax 
minute  ganglia  below  it ;  and  in  the  Ay<x- 
I<ea  they  form  a  single  snpra-n^sophaf^eal 
ganglion,  as  in  the  doris  among  the  naked 
gasteropods. 

Til  the  class  of  cephalopods,  the  highest 
of  this  division  and  of  all  the  invertebrated 
animals,  these  (esophageal  ganglia  are  al- 
ready approximated  in  form,  position,  and 
texture,  to  the  brain  of  fisho*!,  nnd  are  en- 
closed in  an  organized  cranial  cavity.  They 
form  a  continuous  double  ganglionic  band 
arnmid  the  irsophagus  in  the  naitftlttf, 
where  they  arc  imperfectly  surrounded 
with  the  cranial  cartilage,  as  in  many 
of  the  gasteropods,  and  the  posterior  or 
cerebral  portion  is  still  very  small,  and  ex- 
tended transversely.    In  the  uake<i  and 
more  elevated  forms,  this  posterior  or 
snpra-a;sophagcal  portion  has  acquired 
the  concentrated  and  lohed  form  of  a 
brain,  sending  ont  large  nerves  to  the 
organs  of  sense,  and  extending  backward?, 
along  the  median  phme,  two  large  chords 
of  motor  and  ganglionic  nerves,  situate 
above  the  abdominal  viscera,  like 
spino- cerebral  axis  of  the  vertcbrata ;  but 
these  longitudinal  dorsal  nervous  columns 
of  tiie  naked  cephalopoda  are  not  yet  en- 
closed in  a  cartilaginous  tube,  which  con- 
stitutes the  first  and  simplest  condition  of 
the  skeleton  in  the  vertebrata.   The  optic 
ganglion,  so  small  in  the  nautilus,  acquires 
an  enormous  development  in  the  naked 
species,  and  the  oi^ans  of  bearing  are 
already  provided  with  solid  calcareotM  ho- 
dic?,  and  enclosed  in  the  cranial  cavity,  as 
in  fishes.  Visceral  or  sympathetic  ganglia 
arc  also  seen  in  the  cavi^  of  the  aMo*  . 
men,  supplying  witii  nervous  filaments 
the  digestive  oi^ns,  and  especially  the 
stomach  and  liver.  Thus  all  the  great  sys- 
tems of  nerves  d  the  vertd>rata  are  al* 
ready  developed  in  the  cephalopods,  and 
the  great  nen'ous  centres  are  here  ex- 
tended longitudinally,  above  die  aliment- 
ary Gual  and  the  circidating  system,  as 
they  continue  upwards,  to  man. 


Froo«. — Until  the  year  1696  frogs  were 
unknown  in  Ireland.  At  that  period  frog 
spawn  WH«  taken  from  England  by  one  of 
the  Fellows  of  Trinity  College,  Dublin, 
and  distributed  In  tfie  ditches  of  the  Uni- 
versity pleasure-grounds,  from  which  time 
these  jumuers  spread  tbemsdves  from 
field  to  ftdd  throughout  the  whole  island. 
Adden  hftvc  jet  no  qditeace  ia  bdud. 
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LECTURE  XXXVIH. 

ON  TH£  NERVOUS  SYSTEM  OF  THE 
TBRTEBIUTA. 

By  a  teries  of  metamorphoses  and  de- 
velopments in  the  nervous  system  of  the 
invcrtebrated  classes,  we  have  seen  its 
great  centres  accumulate  around  the  ceso- 
phagus,  and  rise  at  length  above  the 
canal  \vhere  it  extends  in  a  longitudinal 
direction  in  the  cephalopoda,  with  its 
cerebral  ganglia  enckMed  in  an  organised  j 
cartilaginous  cranium.  This3upra-<r5oplia- ' 
geal  position  it  preserves  throughout  the 
rett  of  the  animal  kingdom  to  man,  with 
its  axis  protected  by  an  organized  inter- 
nal siceleton.  As  in  the  naked  ccpha- 1 
lopods,  we  see  in  the  lowest  cartilaginous 
fiihes,  in  the  long  cylindrical  bodies  of  the 
lampreys,  the  mr/x'inet  and  the  gafttrobran- 
chut,  two  slender  nervous  cords,  extending 
along  the  middle  of  the  back,  and  scarcely 
protected  externally  by  a  cartilaginous 
covering,  which,  hovvovor,  is  continued  in 
a  more  solid  form  ovt  r  their  cerebral  gan- 
glia, and  is  here,  as  in  the  nepla  and  hliyo, 
composed  of  a  Kingle  ])iccc.  This  first 
vertebrate  condition  of  the  nervous  sys- 
tem, met  with  in  the  lowMt  fishes,  with 
scarcely  a  trace  of  the  cerebellum  yet  i»er- 
ccptible,  presence  the  cnibryo  form  of  that 
system  in  man,  and  in  all  tlie  higher 
classes  of  vertebrate,  but  in  fishes  it  does 
not  fill  the  cavity  which  contains  it,  as  it 

No.  567. 


does  in  the  higher  animals.  We  have 
seen  that  fishes  require  great  extent  of 
surface  on  the  outside  of  the  cranium,  for 

the  attachment  of  the  numerous  and 
povverlul  niuscics  of  the  vertebral  co- 
lumn, the  lower  jaw,  and  the  opercular 
bones.  They  require  Tnuch  greater  surface 
without  than  tineir  small  brain  requires 
within,  as  we  see  in  many  idr*l>reath- 
ing  animals,  such  as  the  owls  and  the  ele- 
phants, where  the  outer  surface  of  the 
skull  is  extended  by  inflating  the  diplo« 
with  that  light  element  which  they  breathe* 
But  fishes,  inhabiting  and  breathing  a 
denser  aquatic  element,  and  having  little 
diploe  in  their  thin  squamifimn  hones, 
have  the  miter  surface  of  the  skull  en- 
larged by  the  deposition  of  a  fluid  within 
its  cavity,  in  the  cellular  tissue  of  their 
developed  arachnoid  coat.  This  colour- 
less p:lairy  substance,  cellular  and  semi- 
fluid, like  the  vitreous  humour  of  the  eye, 
occupies  a  lai^cr  space  in  the  cranUd  and 
vertebral  cavities  than  the  9i)ino  cerebral 
axis  itself,  and  is  placed,  as  usual,  between 
the  dura  ma/cr  which  lines  Ae  interior  of 
the  bones,  and  the  pia  mater  which  inune* 
diately  invests  all  the  contained  parts  of 
the  nervous  system,  and  lines  their  inte- 
rior cavities. 

These  longitudinal  dorsal  cohimn=;,  so 
small  in  the  vermifonn  cyclostome  fishes, 
become  reinforced  in  the  more  developed 
bodies  of  the  osseous  fishes,  by  the  nume- 
rnn^  motor  and  sensitive  filaments  derived 
fioiu  the  periphery  of  the  body,  and  are 
enclosed  in  a  solid  osseous  canal  formed 
by  the  two  peri-vertebral  elements,  and 
the  cyclo-vertebral  element,  or  body  of 
the  vertehre.  The  two  opi-vertehrsl  ele* 
ments  above,  like  the  two  cata-vertebral 
elements  below,  being  here  devoted  to  the 
vertical  extension  of  the  trunk  for  pro-, 
gressive  motion,  the  lower  canal  for  the 
vascular  system,  immediately  below  the 
cyclo-vertebral  element,  is  formed  solely 
by  the  two  para-vertebral  elements,  and 
the  body  of  each  vertebra.  Small  as  the 
superior  foramina  of  the  vei'tebrae  are  in 
these  osseous  fishes,  formed  by  the  peri- 
vertebral elements,  compared  with  the  In* 
feiior  foramina^  formed  by  the  parB*vero 

2  N 


Digitized  by  Google 


546 


niOFBSflOE  GRANT  ON  THB  NBftVOUS  STSTBtf 


tebral  elemenU,  tbey  are  not  iiUeii  by  the 
COlitmos  of  the  tpinu  chord.  These  ner-  | 
V0U8  spinril  columns  arc  covered,  like  the  I 
brain  it8«:U,  with  the  semifluid  cellular  | 

the  cranial  vertcbrir.  The  spinal  chord  ' 
and  medulla  oblongata  arc  yet  small 
compared  with  those  parts  in  superior 
eluaes,  but  they  are  large  when  corn-  j 
paiod  with  tho  rerebral  cnntents  of  the 
craniuiit,  which  these  nervous  bundles  de-  | 
velof.  The  f pifutt  chord  it  oesrly  eqaal  in  I 
its  development  throughout  the  vertebral  1 
column,  from  the  smallness  of  the  arms  1 
and  legs  not  yet  requiring  those  great 
enlargements  wtildi  tee  in  higher  ani- 
mals, where  the  large  norvo«*  of  the  ex- 
tremities are  given  off ;  but  in  the  rajfSf 
ind  timilar  foroat  where  the  «rint  are 
very  large  and  powerful,  the  anterior 
enlargement  of  the  spinal  chord  is  oon- 
i|rfciiOttdx  developed,  and  pretentt  nlobed 
appearance  at  the  origins  of  all  theee  bra- 
chial nerves  in  the  common  pipfr  of  our 
^asts,  the  in^la  Lyra.  It  geueraily  con- 
^nues  tapering  adoug  the  spinal  canal, 
and  exhibits  very  slight  enlargements,  in 
iti  course,  at  the  double  origins  of  the 
tymmetrlcal  tpintl  nervet.  The  inter- 
Vertebral  ganglia  are  yet  very  small  on 
the  posterior  or  sensitive  roots  of  tho«e 
compound  spinal  nerves.  The  median 
line  ofteparation,  both  before  and  behind, 
between  the  rig^it  ruul  left  columnsi  of  t}ie 
etjllttal  chord,  is  here  obvious,  and  also  the  I 
lateral  Bn^oorretponding  with  the  origins  | 
of  the  two  sets  of  nerves ;  but  the  crossing 
fasciculi  of  the  corpora  pyrarnltlalia  are  hut 
slightly  maj'ked  in  the  medulla  ohloiiguU, 
as  aho  the  various  commissures  of  converg- 
ing filircs  nre  yet  but  imperfectly  developed 
within  the  cranium.  The  three  great  las- 
clcnti  of  the  medn'Da  oblongata,  the  cor- 
pora  pyramidaVta,  the  corpora  uliraria,  and 
the  corpora  restiformia^  the  roots  of  the 
cerebral  hemispheres,  the  ontic  lobe^,  and 
the  hemltpheres  of  the  cereuelluin,  are  al- 
ready marked,  but  Hnc(|n:vlly  developed  in 
fishes,  for  while  tUcir  optic  lobes  are  pro- 
portionally very  large,  the  cerebral  bemi- 
8phere8  are  very  small,  and  scarcely  do 
we  find  the  lateral  parts  or  heraiiiphereii 
of  the  cerebellum  yet  begun  to  be  deve- 
loped in  the  osseous  fishes.  By  the  con- 
tinued growth  of  the  skeleton,  while  that 
of  the  spino-cerebral  axis  is  retarded,  we 
often  find  the  tpinal  chord  drawn  np  to- 
wards the  head,  and  the  long  nerves  of 
the  Cauda  equina  occupying  all  the  inferior 
part  of  the  vertebrid  canaJ,  as  we  see  re- 
marlcably  in  the  moon-Jltli,  the  tHraion 
moln. 

The  medulla  oblongata,  the  origin  of 
most  of  the  cranial  nerret  of  vertebrata, 
it  here  large  and  lobad,  and  nearly  a» 


broad  as  the  cerebral  parts  before  it  in 
the  cranium.    It  is  marked  above  hy  a 
calamui  weriptorius,      the  bottom  of  the 
fourth  ventricle,  which  is  placed  between 
it  and  the  tingle  median  lobe  ooniposing 
the  ccrehellatii.    The   commissure:)  are 
the  principal  parts  defective  in  the  spino- 
cerebral  axis  of  the  lowest  vertebrata,  and 
in  fishes  we  cannot  perceive  ^tber  a 
crossing  of  fibres  in  the  corpora  pj'rami- 
daiia,  or  the  great  cerebellic  commis* 
tore,     pent  varoOi*  or  the  cerebral  naoi- 
missure,  the  eorptu  callosum.    The  magai- 
tuiie  of  the  spinal  chord  and  medulla  ob- 
longata in  fishes,  compared  with  the  brain 
and  oerdieUooi,  corresponds  with  the  early 
and  great  devffopmeut  of  those  parts  in 
the  human  embryo,  and  their  want  of  the 
middle  and  poeterfor  enlargment  aorva* 
sponds  with  their  non-appearance  in  man, 
before  the  arms  and  l^s  are  developed 
from  ttie  tidea  of  tbe  tnink.  The  cere- 
bellum in  the  osseous  fishes  is  composed  not 
of  the  lateral  honuspheres  of  that  part, 
but  of  the  median  vermiform  portion 
which  forms  a  email  rooMd  tr  toatgaa^ 
shaped  lolic,  or  a  sinc;le  transverse  banrl, 
undivided  on  the  median  plane,  and  is 
aloMWt  entlrcAy  wanting  in  the  lamureys. 
When  cut  into  vertically,  in  the  middle,  it 
presents  a  distinct  white  nucleus,  from 
which  white  fibres  are  seen  to  radiate  to  the 
circumference,  but  there  afvyatnotrana- 
verse  stri^e.or  laininatcf^  appearance,  on  the 
outer  surface,  as  we  see  in  the  cerebellum 
of  higher  animab.  From  the  fourth  ▼en* 
tricle,  which  Is  beneath  the  small  undivided 
median  cerebellum,  there  is  a  canal  of 
coinruuuication  leading  to  the  common 
ventride  of  the  two  optic  lobei,  or  imdi- 
vided  corjjora  {ptadrigcmina.    This  me« 
dian  portion  of  the  cerebellum  is  aUo  in 
the  human  embryo  the  portion  fint  de- 
velo]icd  before  its  lateral  hemispheres,  and 
it  then  presents  a  smooth  surface,  without 
traiibveisc  lanaua-,  as  in  the  osseous  hsbca. 
In  the  highest  cartilaginous  fishes,  as  the 
ra}  ;^  an  1  sharks,  not  only  arc  the  lateral 
heiiiiiipheres  of  the  cerebellum  already 
begun  to  be  developed,  bat  l3ie  large  me- 
dian  vermiform  portion  has  become  trant* 
ver:iely  laminated,  as  in  higher  animals;  no 
trace  of  convolutions,  however,  are  seen 
on  the  brain  of  this  or  any  otber  vert^ 
brated  class  below  the  mammalia.  Now 
it  is  well  kuown,  that  in  the  human  embryo 
thit  laminated  or  folded  appearance  it 
also  seen  on  the  surface  of  the  cerebellum 
before  the  convolutions  begin  to  befonntd 
ou  the  hciui^iphercs  of  the  brain. 

Anterior  to  the  medoQa  oblongata  in 
osseous  fishes,  there  r.re  generally  three 
pain  of  rounded  lobes,  placed  in  front  of 
eadi  other  along  the  floor  of  tba  cranium^ 
and  oooopying  but  a  ouiU  pttt  of  that 
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<M^ciom  c&vity,  as  you  observe  in  the  , 
dcull  of  the  eel,  where  thejr  are  more  | 
equally  developed  than  ttsaal.    The  pos- 
tericMT  pair  are  tbe  optic  lobes,  which  give , 
otlgiit  to  tike  |irind]Mi  iteoa  ni  tlie  optic  | 
nerves  ;  they  are  the  corpora  (piaflrigcmina 
of  the  brain  of  man  and  raammaliiv,  where 
they  arc  each  divided  into  two  by  a  su- , 
peracial  transverse  sulcus,  which  does  not ; 
present  itself  on  these  lobes  in  nviparou'? 
reitebrata.   Tbe  teoond  or  mUldie  pair  of 
lobes  are  tiie  small  heosiBplieret  of  the 
hmin,  which  acquire  so  great  a  magnitude 
in  higher  classes.    And  the  anterior  pair  | 
are  the  dl£M::tory  tubercles,  appropriated  j 
tKeliMively  lo  the  olfactory  ntrves.   All  | 
th^s^  lobe?  vary  in  their  magnitude,  in 
dittercnt  &shes,  but  the  optic  or  posterior : 
tehee  ere  the  noat  milbm  ia  thdr  ] 
pearanre  ;  the  middle  pair  or  the  cerebral ' 
hemispheres  vary  much  more,  and  the . 
woet  wiaUe  in  thtir  ibrm  aad  majBiii-  [ 
tode  and  petition  ax«  tht  mrterier  pair  or  \ 
oifiactory  tubercles. 

The  opUc  lobes  or  corpora  quadrige*  { 
■una  in  nH»st  ftahes  are  larger  tiiaa  the  | 
hemispheres,  smooth  nnd  rinciitious  on 
the  outer  sur6u:e,  white  within ;  and,  like 
thoae  parti  in  the  luunsE«nibryo,  they  are 
hollow  within,  and  without  any  trans- 
verse snlrus  to  divide  their  surface.  The 
ventricles  witliin  these  optic  lobes  com- 
municate with  eafih  otlier,  aacl  tbey  «om- 
municnte,  hy  the  Tmrrov.'  mnal  or  aque- 
duct behind,  with  the  fourth  vontricle, 
beneati)  the  email oerebeHmn.  Thdrbmer 
white  parietes  meet  above  on  the  median 
line,  as  by  a  corpus  callosum,  and  at  their 
median  line  of  junction  they  descend  and 
ftirm  a  pnoMiiaent  ridge,  but  no  complete 
septum  between  their  ventriclcg.  These 
optic  lobes,  like  the  medulla  oblongata, 
■re  here  larger  in  proportion  to  the  he- 

raiBphercK  of  the  brain  than  iti  all  the 
liighcr  vertcbrata,  and  they  have  the  same 
great  proportions  the  earlier  we  trace 
tlnm  tock  ia  the  haman  embryo.  The 
fibrous  strMctnre  and  the  direction  of  the 
component  fasciculi  can  be  perceived  on 
the  interior  white  lining  of  theae  nnooth 
loljes,  'I'hfM'r  flcvrlopment  is  directly  pro- 
portioned both  to  that  of  the  optk:  nerves 
and  the  corpora  olivaria,  but  is  in  the  in- 
verse ratio  to  that  of  the  hemi^lieres  of 
the  brain,  and  the  hiwnitplipret « the  ce- 
rebellum. 

Anterior  to  ths  op^e  IoImi  are  tho  he- 

misphereK  of  the  brain,  smooth,  round,  and 
»)rtic».l  ou  the  surface,  solid  within,  des* 
tifeute  of  oonvolntions,  and  in  almest  all 
tiM  oetoow  fishes  they  are  less  than  the 

r'c  lobes.    They  yet  contain  no  ventri- 
witbin  them,  and  that  is  the  case  also 
with  the  earlieflt  condition  of  the  bemi- 


ties  are  first  manifested  in  the  corpora 
quadrigeroina  or  opife  lobes  of  the  human 
brain,  and  nt  a  Intpr  prrind  they  are  do* 
veloped  in  the  hemispheres  thconaelvea. 

In  tome  of  tlM  more  perfhet  of  tiM  car« 
tilaginous  fishes,  as  the  rays  and  the  sharks, 
the  hemifipherea  acquire  a  very  great 
size  compared  with  the  optic  lobes ;  they 
beoome  larger  than  the  optic  lobes,  and 
theynre  then  fotmd  (li>?tinctly  to  hnve  the 
lateral  ventricles  already  developed  within 
tiMOi.  Anterior  to  the  liemii^here,  yon 
will  observe  in  these  osseous  fishes  that 
there  are  two  other  small  lobes  ;  those  are 
placed  at  the  commencement,  generally, 
or  in  the  oowse  of  tlm  olfactory  nerves^ 
and  they  are  thence  called  the  olfactory- 
tubercles,  in  the  highest  cartilaginous 
iehes  tiieseoUhotory  toheroiee  are  piacei, 
as  yon  oh  serve  in  the  rays,  at  a  great 
distance  in  front  of  the  cerebral  bemi- 
sph<»nM,  at  the  extremities  of  prolonged 
fMedunclee,  vrhore  •  th^  are  remarkably 
extended  transversely,  and  exceed  the 
magnitude  of  tbe'heuiispbcres  themselves. 
There  they  are  ritnated  immediately  aboro 
the  cribrifonn  plate  of  the  ethmoid,  w  hich 
the  (^fiaotories  perfonktOp  to  be  distributed 
on  (ttie  oxtensf me  pllvltary  BNHibraiie  co* 
vering  the  laminae  of  the  nose.  These  tu- 
bercles have  generally  no  cavities  within 
them,  but  the  cerebral  hemispheres  have 
already  iwatrides  devdi^Md  wfthift  thm, 
in  the  sharks  and  the  rays,  at  the  same 
time  that  the  usual  ventricles  continue  in 
the  optic  lobes.  In  the  solid  henlspheiM 
of  the  osseous  fishes  we  see  a  white  fibrous 
centre,  radiating  white  bands  forwards,  and 
upwards,  and  laterally,  through  a  thick  su« 
pCTflcial  covorinfT  of  cineritious  or  gnj 
matter.  They  appear  like  the  thalami  be* 
hind  the  corpora  striata  in  higher  classes. 

All  these  lobes  contained  within  Hm 
cranium  of  fishes  vary  much  in  the  diflrer- 
ent  species,  not  only  in  their  relative  size 
and  their  degree  of  internal  development, 
but  also  in  their  ontwnrd  iiNin  and  re* 
"=pcrtive  positions.  The  medylln  oblon- 
gata is  often  so  Ifu-ge  as  to  form  lobes 
behind  the  oerebellum,  ■■  yon  see  In  tht 
perch  aiid  the  lophiuM,  and  sometimes  it  is 
more  uniformly  extended  laterally,  as  in  the 
akate.  The  cerebellum,  whadi  fiE»rms  <nilf 
a  very  minute  trans  verse  band  in  the  Lam- 
preys, is  enlarged  in  the  osseous  fishes,  rises 
vertically  compressed  between  the  optic 
lobes  and  modnlln  oiblongsta,  «nd  is  pro* 
longed  a  little  backwards,  but  still  consist- 
ing only  of  the  vermiform  portion,  without 
a  trace  of  its  lateral  lobes  or  its  laminated 
surface,  as  you  observe  in  tUa  perch.  latlMi 
sharks  and  rays,  however,  you  percdve 
the  OOTebellum  at  its  maximum  of  devo- 
tepBMBt  hi  HihMi  It  fisM  hl^  «nd  is 
Htm  wtdriia  iWiinm  t  It 
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aot  only  extends  backwardi  over  the  me* 
dfillft  oUoni^ta,  bot  tUm  forwards  over  a 

great  portion  of  the  optic  lobes.  It  isdeeply 
Rulcfited  transversely  on  the  surface,  and 
its  laieral  hemispheres  already  begin  to 
extend,  like  little  tubercles,  from  its  base. 
The  inner  white  fibres  of  the  optic  lobes 
axe  directed  transversely,  and  arch  up- 
wards  over  the  contained  ventridet,  but 
the  exterior  fibres  pass  longittulinally  for- ' 
wards  to  the  optic  nerves.  In  many  of 
the  lower  fishes,  the  op^  lobee  are  equal 
ia  rise  to  the  cerebral  hemispheres,  as 
you  sec  in  the  eel  and  the  turbot,  or  even 
exceed  the  hcunsphered  iu  bulk,  a-a  you 
see  in  the.  cod  and  many  similar  osseous 
fisbc9 ;  but  in  the  higher  forms  of  carti- 
laginous hsbes,  where  these  parts  ap- 
IvTMeh  to  the  reptile  condition,  tbeir  pro- 
portions  are  greatlv  diminished  when 
compaied  with  the  hemispberes,  or  with 
the  cerebellum,  or  even  with  tlie  raedoHa 
oblongata ;  and  they  begin  to  assume  an 
inferior  position  by  tbo  otber  pnrts  rising 
and  extending  over  them,  as  we  see  to 
take  place  with  the  corpora  quadrigemina 
during  the  development  of  tbc  brain  in 
the  hamim  embryo.  It  is  only  in  the 
more  advanced  states  of  the  mammalia 
that  these  optic  lobes  become  quadrigerni- 
nous,  by  a  sulcus  crossing  the  surface  of 
each  lobe  transversely,  and  they  are  then 
without  internal  ventricles^  they  have  a 
solid  condition  internally,  and  a  divided 
surface  externally,  which  they  preserve  in 
ell  the  higher  fornii,  to  man. 

The  mimite  embryo  form  of  the  rcrrbral 
hemispheres  seen  in  the  cyclostome  and 
lowest  oeseoQS  fishes,  where  they  are  mily 
smidl  solid  ganglia  in  front  of  the  optic 
lobes,  is  changed  for  a  much  more  advanced 
condition  of  development  in  the  plagios- 
tome  fishes,  where  they  have  become  large, 
liroad,  elevated  lobes,  united  on  the  median 

{ilane,  partly  extended  over  the  small  optic 
obes  behiM*  broader  than  all  the  other 
cerebral  parts  within  the  cranium,  and 
already  containing  ventricles  in  theur  in- 
terior. They  already  present  two  white 
fibrous  commissures,  connecting  these 
hemispheres  with  each  other  ;  but  in  tnost 
of  the  osseous  fishes  we  can  only  perceive 
one  white,  small,  transverse  nervous  bmd 
sit  their  ba?c,  passing  froui  the  otie  ^o\h\ 
liemisphere  to  the  other,  and  showing  their 
amdogy  to  the  thalami  optici.  The  olfectory 
nerves  come  out  from  the  lower  part  of 
those  hemispheres,  and  pass  through  the 
olfactory  tubercles,  which,  though  appa- 
rently connected  witil  eaidl  other,  are  only 
in  contact,  and  have  no  nervous  filaments 
passing  from  one  to  the  other.  Citvier 
oonsidered  these  hollow  optic  lobes  as 
analopous  to  the  cerebral  hciiusjihrrps  of 

itisher  da«ieS|  while  Gall  and  ^liaaEs 


r^arded  them  as  the  corpora  quadrige- 
mina. BAind  these  optic  lobes,  on  tiio 

lower  surface  of  the  brain,  we  observe  the 
large  optic  tubercles,  and  in  front  of  these, 
on  the  same  surface,  the  large  pituitary 
gland  which  receives  the  end  of  the  Infiui* 
dibidum.  Behind  the  nptic  lobes  wp  see 
the  pineal  gland,  as  in.  ail  the  higher 


From  the  mngnitiide  of  the  olfactory 
and  the  optic  nerves  of  fishes,  and  also  of 
die  fifth  pair,  and  the  smallness  of  the 
three  pairs  of  lobes  from  which  these  ori* 
ginate,  tbo  cerebral  hemispheres,  the  op- 
tic lobes,  and  the  medulla  oblongata,  ap- 
pear only  like  small  ganglia  appropriated 
to  those  nerves  ;  hut  nil  the  other  pairs  of 
cranial  nerves  can  already  be  distinctly 
traced.  The  |Mr  ssyam  is  seen  arising 
from  the  sides  of  the  medulla  oblongata. 
The  great  sympathetic,  arising  here  from 
the  Julh  pair,  is  reinforced  by  branches 
from  the  spinal  nttres,  and  forms  minute 
gant^lia,  as  usual,  before  being  distribut- 
ed on  the  or^ns  of  the  trunk.  Thus 
you  observe,  in  this  lowest  vertebrated 
class,  the  ncn'ous  system  has  acquired  a 
form  and  development  where  we  can  re* 
cognise  all  the  essential  parts  of  that  sys- 
tem which  occur  in  man;  but  in  their 
most  perfect  forms  in  fishes  they  still  re- 
tain only  the  transient  embryo- forms  which 
they  ]>resent  in  the  human  body. 

The  metamorphosis  of  the  mmphibiong 
animals  changes  the  condition  of  their 
nervous  system  from  that  of  the  foihes  to 
nearly  that  of  the  reptiles  abo\'e  th  rm.  In 
their  larva  state,  and  in  those  w  hich  re- 
tain the  gills,  the  spinal  chord,  the  mednllm 
oblongata,  and  all  the  parts  contained 
within  the  skull,  present  that  simple  condi« 
tion  which  wc  have  seen  the  osseous  fishes 
to  preserve  as  permanent  characters.  Their 
spmal  chord  i«  yet  small,  tapering,  length- 
ened into  ttic  coccygeal  region,  and  with- 
out peroeptibie  cnlargraients,  where  the 
nerves  come  off  to  the  arms  and  to  the  legs; 
their  medulla  oblongata  is  broad  and  lobed 
the  oerebeUum  without  rudimentary  hend« 
spheric  tubercles,  and  very  small;  the 
optic  lobes  are  proportionnlly  large,  with 
distinct  ventricles,  and  are  quite  exposed, 
and  the  cerebral  hemispheres  are  wiUiont 
\  entricles,  and  remarkably  small.  Tn  one 
day's  time  a  marked  change  is  observed 
in  the  proportions  of  those  parts;  the 
hemisjihcres  Vjccoine  sensibly  enlari^cd  la- 
terally and  upwards,  now  extending  back- 
wards, encroaching  upon  the  optic  lobes  ; 
the  optic  lobes  are  observed,  consequently, 
to  be  diminished  in  relative  size,  from  the 
increase  wh(ch.the  hemispheres,  composed 
at  first  almost  solely  of  gray  matter,  have 
manifested  in  their  de\'elnpmrnt.  No 
trace  of  depressions  or  convolutions,  oc 
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of  fntenial  ventrldleff,  «re  leen  In  fhoie 

cerebral  liemisphercs  In  tlils  mnditinM, 
Bor  in  anycondition  of  those  amphibious 
•nfanBh.  Th«  oonvolutiotis,  indeed,  of  the 
bemlsphereB  of  the  brftin  d5  not  manifest 
themselves  even  in  the  l^ptiles  Ot  t>ie 
birds,  but  begin  in  the  mammalia,  in  the 
tadpole  condition  of  thOM  amphibioin  ani- 
mals,  there  are  npithcr  anterior  nor  poste- 
rior extremities  developed.  There  is  no 
reason,  therefore^  for  bdn^  «n  In* 
crease  of  develnpTTient  on  any  jjarticular 
portioii  of  the  spinal  marrow ;  hence  it  is 
tlMl  it  retains  that  equality  througliout 
which  we  see  so  rcmarlcable  in  serpents  and 
in  most  fishes.  The  middle  enlai^ment, 
corresponding  with  that  position  from 
which  the  nervot  of  the  arms  are  ffiven 
off,  has  not  3'ct  manifested  itprlf.  The  pos- 
terior enlargement  correspondiiig  with  that 
pert  fimn  which  the  nerves  of  the  poste- 
rior  extremities  are  given  off,  does  not  yet 
manifest  itself;  but  as  those  extremities 
bad  out  from  the  sides  of  the  bo<Iy,  those 
two  imrts  of  the  qiinal  marrow  manifest 
an  evidently  increased  tize.  The  poste- 
rior end  is  a  little  enlarged,  for  the  canda 
eqvinn.  The  anterior  termination  has  al- 
ways an  incrcaued  size,  from  its  being  the 

Srmcipal  origin  of  nerves.  So  tliis  me- 
uMa  oblongata  we  see  to  he  lobed  and 
large  proportionately  also  in  fishes,  for  the 
same  reason.  The  hemispheres  in  those 
smphihious  animals,  even  in  their  a<lult 
state,  have  no  cavity  within  them»  and  the 
ventricles  are  still  manifested  in  the  optic 
lobes  or  the  corpora  quadrigemioa.  Dur- 
ing the  deveiopinent  of  those  nmphibions 
animals,  we  perceive  great  changes  in  the 
osseous  covering  of  tbe  nervous  system, 
which  we  heve  alreedjr  considered.  The 
nervous  system  underc;orfl  corresponding 
clianges.  We  observe  that  at  first  it  passes 
down  through  the  nomerous  prolonged 
coccygeal  vertebrae,  but  in  proportion  to 
the  great  development  and  growth,  and 
consequent  extension,  of  the  dorsal  verte- 
biw,  the  spinal  marrow  appears  to  shrink 
upwards  from  the  region  of  the  sacrum 
and  the  whole  region  ot  the  coccyx.  Tlie 
coccygetl  vertdbra  beoome  filled  np,  en* 
ch c  losed,  and  form  one  cA'Itndrical  solid 
bone.  Now  vcm  observe  that  there  is  thus 
a  eonslderabie  distance  between  the  Intei^* 
vertebral  ganglia  and  the  origins  of  the 
two  sets  ot  nerves  of  the  spinal  marrow 
in  the  adult  condition  of  those  animals, 
especiaUy  at  the  posterior  part,  which  has 
been  most  influenced  by  the  changes  ef- 
fected during  the  metamorphosis. 

We  cannot  witness  this  phenomenon 
in  the  amphibious  animals,  thi-i  refraction 
of  the  nervous  system  during  the  passage 
€f  the  hura  to  the  perfect  states  withovt 
yeiotivlng  that  it  oorfetponds  senfrhiblj 


with  what  if  Itnowii  to  taicc  place  in  the: 

human  spinal  marrow  during  the  deve- 
lopment of  the  embryo.  At  first  the 
cocci'geal  irertehrte  are  numerons,  and 
the  tail  projects  as  in  the  tadpole ;  there 
are  no  extremities  which  bud  as  yet  from, 
the  anterior  or  posterior  part  of  the 
trunk.  The  head  and  anterior  part  of  die 
body  are  enormously  enlarged,  on  account, 
especially,  of  the  rapid  shooting  of  the 
brain  throng  the  phases  of  Its  develop* 
ment  in  that  being  whose  development  in 
this  part  of  his  structure  is  so  far  to 
transcend  all  inferior  animals ;  but,  still, 
in  the  posterior  part  of  the  trunk  we  ob- 
serve  that  the  coccygeal  vertebrae  arc 
somewhat  in  the  extended  condition  of 
those  of  the  tadpole,  and  that  during  the 
rapid  (Icvf  lopment  of  the  vertebral  column, 
the  spinal  marrow  is  drawn  as  it  were 
npwMrds  \ry  the  devetopment  and  extent 
sion  of  the  Vionc  downwards,  a  dinn;^e 
similar  to  that  which  we  see  in  the  meta« 
morphoses  of  these  amphibia. 

The  nervous  system  of  repUle$  mani- 
fests an  increased  development  of  the 
hemispheres  ot  the  brain,  and  ui  all  that 
portion  of  the  nervous  system  contained 
within  the  cranial  cavity.  The  cerebellum 
has  always  been  remarked  for  its  smali- 
ness  in  the  reptiles,  and  it  had  been 
thought  by  Cuvier  that  that  corresponds 
with  the  slow  movements  and  the  languid 
irritability  of  their  whole  muscular  system; 
In  the  serpents,  where  there  arc  no  anterior 
or  posterior  extremities,  where  there  is  na 
reason  lor  one  pai  t  of  the  spinal  uiaiiovv 
to  be  more  enlarged  than  another,  we 
perceive  scarcely  the  least  indication  of 
the  middle  or  of  the  posterior  enlarge- 
ments of  the  spinal  marrow ;  the  anterior, 
hnwex'cr,  is  of  considerable  size,  and  is 
the  more  obvious  from  the  imperfect 
development  of  the  cerebellums  of  the 
optic  lobes,  and  the  hemispheres.  The 
ceneritions  matter  still  preponderates 
over  the  tibrous  white  matter  of  tlie  brain, 
as  in  the  two  inferior  vertebrated  dassca, 
but  to  a  less  extent  than  in  them. 

We  observe  in  the  reptiles  that  the 
brain  generally  fills  the  cavity  of  the 
skull,  so  that  the  inner  surface  of  the 
skull  more  nearly  corresponds  in  its 
dtaineter  and  In  its  form  wini  the  forma 
assumed  by  the  hemispheres,  by  the  optic 
lobes,  the  cerebellum,  and  the  portion 
of  the  spinal  marrow  contained  within 
the  skull^the  medulla  oblongata.  But 
we  have  already  seen  that  the  cranial 
cavity  occupied  by  the  bram  does  not 
correspond  with  the  outward  ierm  of  the 
head,  and  that  it  forms  only  a  small 
tubular  cavity  in  the  central  part  of 
the  head.  There  is,  therefore,  no  oonre* 
ipoadcDca  hatwian  tlia  torn  of  the  hmA 
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nUcmaUy  in  rftptiiet,  in  amphibia,  or  in 
i^rm  ^  Ik*  lMaiitpli«re« 


or  nny  other  pari  of  the  narvoiis  system 
ooataiofld  within  tlie  qmnhiM.   We  ob- . 
wmfft,  Uwwfott,  Uiftt  tiM  devdopmnit  of  | 
the  great  nervous  centres  in  those  three 
cold- blooded  classes  of  animals,  cannot 
influence  the  propoitiona  which  the  whole 
bead  bbars  to  the  rest  of  th»  tmak  flr  of 
the  body.    In  the  earlier  condition  of 
fithet,  the  brain  occupiea  a  lanter  propor- 
tfoa  of  «lM  Mvlty  «ltiM  akvU  tban  in  the 
adult  fishes.    This  shows  yorj  that  there 
bAS  beeOf  anbaeqiienUv,  an  arrest  ol  the  de< 
T^pMeM  of  tbe  bran,  wbMe  tiM  otMovt 

{>art  of  the  skull  has  continued  to  en- 
arge;  and  that  we  saw  vvas  the  more 
easily  admitted  of  by  the  s^uanMUS  fiarin 
qgthmwaHmteu  which  homA  tbe  different 
bones  af  \hf  ^kuU  nxn]  now  connect  thciu ; 
thmf  shoot  over  each  other  for  the  most  pai  t, 
mA  OMtintM  10  grow,  with  the  same  pro- 
portions to  the  rest  of  the  body,  through  the 
whole  of  life.  Tbe  bi  aia*  boweveri  as  the 
Mm*  aiVMiot  to  MtMrily,  cwaci  to  in- 
crease in  bulk,  and, consequently,  the  loose 
oellolar  arnchnold  coat  increase!}  in  its  di- 
aaensions  hy  the  easy  process  of  secreting  a 
iWry  fluid  intoittiNMntifWi,— the  easiest 
means  of  k im  ping  progress  with  the  exter- 
nal form  and  gt^wih  of  the  whole  skuii, 
•Md  the  g:ea«tU  increasing  struigtb  and 
niTTvcuhuity  of  the  whole  IkxIv  of  the 
fis^  i  for  it  was  ueoessary  in  these  aui> 
Mit  to  b«v«  tiM  ««tor  fiiftM  of  the  skNll 
constantly  of  great  siae,  in  order  that  an 
exteriKivc  8ui-face  might  he  atlbrdod  for 
the  attaclMncntij  of  the  vigorous  musclce 
UmiI  m*  the  trunk.  Thus  it  is,  then, 
from  the  smaUnbij  of  their  cranial  cnn 
teuts,  that  tlM^se  reptiles  tnauiie^t  a  iu>6 
dependence  on  tiieir  great  cerebral  oem* 
tres  for  tht  Ii-  \  it  j  functions,  than  we  see 
in  the  hot-hioodvd  birds  and  tuadrufwds. 
•  Ifi  reptiles,  th«  oUketory  tuberdee  are 
still  siiiaia;r  than  in  the  inftiiur  cold- 
biocHlcd  classes.  The  hemispheres,  though 
IBUch  enlarged,  ai'e  still  auoiHh  uprat  their 
surface;  thfy  prese)»l»  gMMntty*  w>«*vi* 
ties,  and  their  iiit^M  ior  pr^sonts  an  6]>p«nr- 
ancc  of  N^kite  jadiaung  itbrcs,  like  the 
Cor|H)ra  striata.  WbMi  jwa  make  a  section 
of  those  heiriispherca,  es  here,  for  in- 
Xaaix,  in  the  tortoise^  you  oh«erve  they 
prtoint  w  apptTMW  Hunt  intorasix- 
ture  of  white  hihJ  cineritious  substance  on 
the  anterior  part,  which  yon  see  in  the 
corpora  atrwta  of  the  brain  of  qnadru- 
fWfc^  but  there  is  still  a  large  proportion 
of  cineritioua  i»nh$>tanGe.  The  oj^tic  lohes 
ill  the  reptiles  are  proportion (Uiy  siuaii, 
and  begin  to  be  partly  concealed  in  front 
by  the  extension  backwards  of  the  postc- 
xior  part  oi  the  bcauspherei.  Tb«  optic 


being  subdivided  into  two  upon  eich  side, 
retain  the  cavities  within  tfaem,  wbicb  «• 
?;ce  in  the  lowest  fishes.  T^nsp  cavities,  as 
we  saw  before,  are  present  also  in  the  he« 
mispboMe  of  the  bram  in  th«  mtl  pedhet 
of  the  cartilaginous  fishes,  such  as  the 
rays  and  the  ibarks,  but  not  ia  tb«  9U»* 
ous  fishes* 

in  the  crooodiles  we  observe  the  hem^ 

sphere"  of  tho  hi-ain  to  manifest  a  greater 
deveiopiuent  laterally,  and  altogether  to 
lie  inoreMod  in  pvoportiont  wfawn  comh 
j)rircf!  with  tho-c  of  the  cheloninn  reptiles, 
where  heiui^lieres  oi  the  brain  baw 
a  aw  l—glhii— d  fcras,  and  ato  WMte- 
ably  narrow  from  the  one  side  to  the  other. 
In  the  crocodiles,  on  the  contrary,  the 
hemispheres  aic  comparatively  short  and 
broad,  and  approach  very  ckisely  to  the 
characters  they  h«ve  in  birds.  They  do 
not  axteiul  backwards,  so  as  to  oovor  one 

much  retluced  in  size,  still  retain  cnvitiei 
within  thoBi*  No  tunoe  of  eonvolutioiis  if 
y«l  Men  vyMi  UmIt  MNrfboo.  Thooorebd* 

lum  is  always  remarkably  small  in  reptiles* 
oonsidorini^  their  place  in  the  .sCAle  be- 
tween the  iuuptiibmaud  birds.  It  presents 
a  development,  both  of  its  MMdinn  yortfon 
and  of  its  latpra!  hefuisphercs,  eN*en  lower 
than  that  of  the  plagiostooie  isbes  ;  and 
wo  ha>vo  net       ooBte  %o  snimnls  w^hoMP 

the  roqjiis  dentatum  h  prrccptihlc,  in 
cutting  through  any  pai  t  of  tiie  cerohel* 
hMi.  That  ciMrmous  gauglioni*  pttrt 
belongs  to  animals  which  l»ave  the  lateral 
lobr<t  or  hemispheres  of  the  cerebellnm 
more  distinctly  developed  than  we  find 
tbem  in  reptiles.  The  oerebral  htaiiN 
spheres  have  internally  a  striated  appear- 
ance of  white  fibres  radiating  through  the 
•tai  ywy  nbaniinf  ihnrHi>w  (miyirlnit 
they  appear  like  the  coq>ora  striata,  while 
the  htiiiiflpberes  oi  fisbeia  ai«  mere  aAaJk^> 
ffoiit  to  Iho  •fMttc  thilawi  Tbete  i«  ytl 
no  corpus  caUosum  nor  tuber  annulare. 
The  parts  in  the  cranial  eavity  of  replilea 
most  indicating  an  advanced  devefopnien^ 
are  the  large,  broad,  and  devated  cerebttl 
ht^mi spheres  with  fhcir<'ont.iine4  ventricles 
and  nunterMis  wiute  radiating  lasctcuit. 
Tb«  oVbotory  toberelee  Mi4  th*  eptie  lobes 
have  iliminiahcd  hi  theirpropnrtions,  which 
marks  an  ai^proaich  to  the  higher  claesee  | 
btti  Ihe  ndnUs  oWoiigtto  hm  netoinid  ito 
bidboue  appi^araitce,  ami  the  cerehelliiHi 
has  preserved  nearly  its  lowest  coudiiio« 
aatong  the  osseous  fishes.  The  whole  of 
these  parts  are  mcire  compncted  togethev 
thi\n  in  fii-thes^  and  much  more  closely  in-' 
vested  with  their  osseeus  covering.  The 
pitflaol  iho  brain,  Mce  tbo  oKvitie*  tllh* 
heart,  from  hcinp  lineal,  accumulate  upoti 
each  other  as  th€iy  dcvdop.  The  spinal 
choffi  ii  aMrt«wMMHly  exiMM  Ihiw^ 
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of  the  luccics  tliat  singular,  ihoit,  and 
truneatea  appearasce  which  it  gome- 
tknM  presents  in  fishes,  as  in  the  moon- 
U  the  anteriqr  pvt  of  tba  T«rtebral 
canal,  where  i(  appears  only  like  a  short 
pedtmcle  of  the  tirain,  giving  origin  to  all 
f  1m  tpliial  narvw.  The  mtith^  or  poe- 
terior  spinal  nerves  Bave  now  more  con- 
•I^eaous  ganglia  upon  them,  the  spinal 
MmteONMoff  flMNViMNirly  opposite  to 
the  places  of  their  respective  destinations, 


thtetnMw  «f  Ibttftot  In  HJpmii> jiifp. 
Bents  a  striking  character  of  increased  de* 

velopment.  Not  only  i«  itg  median  vermis 
form  portion  of  great  size,  but  we  observe 
that  vm  iMtiral  portions  or  henispherei 

iopmeii»|  and  that  the  eurlace  of  the  eere* 
belkmi  hmt  dhttnctly  etMliife  fhei*  tnm 

verse  »ir?ci  that  dip  into  its  interior, 
which  we  see  charaeterteing  tim  part  In 
flk%mmiBmnBm%  to  wicn  yon.  make  A 
section  i)erpendiciilarly  downwardMUfdOgll 


and  from  the  prpatev  develoymiont  of  the  :  the  ccretiellum  of  th<>  hird,  von  hav*  v«*y 
legs  and  arms  at  most  reptiles,  tbe  two ,  beautifully  prevented  to  you  that  appear^ 
corref poadNiy  enlwrgements  of  the  spinal '  ance  of  the  arttor  vMi^  tM  ftn»eflranee  Of 
chnrcl  are  more  obvinns.    The  latere?  and  !  admirtnre  of  mattef'  wHh  vhtte 

tlie  epianchnic  gMigiia  of  the  synipatbefie !  ftbrouH  stractare,  seen  bf  eottinc  the  ee^ 
nwv  memw  biotv  4iisvmcviy^wMnEeii,  Bmi  t  rvtwimn  m  snv  ■■nsn  nrani  ^  ov»  ivciw 
thf'sc  \iscei;il  cniif^lia  h-xve  riow  a  more  is  yet  no  corpxts  dcntfTfnm.  This  gfe«l 
intimate  relation  to  the  great  arterial  j  development  of  the  cereheUum  cerresponde 
trunks,  than  they  present  hi  the  class  of  wllb  the  great  mtitc«rfar  development,  and 
fMiiMi,  where  (hey  are  more  indispri«ni>  ]  the  powerful  muscular  motions,  and  tfi# 


nately  placed  in  the  eaviry  of  the  trunk 
than  in  the  higher  vertei>rHla,  and,  conse- 
qtaily,  tppvwcli  more  to  their  condition 

■I  the  molhiscom  and  artirnlafrf!  rinssee. 


great  artivity  of  the  elast  of  hhrls.  TM 
optic  lobes,  though  reduced  much  in  sin^f 
still  retain  tlMlr  eavifiw^illifh  ilNMii.  9M 

hendspheres  are,  for  the  u^nn  pnrt,  qnftc 


The  uervons  system  of  dirdu  prtsentei ,  smooth  upon  the  niiface,  contain  vert 
elevslec  muMim  sf  Clie  phut ;  nmll  eavtoet,  anti  lid^e  the  ])roportfMidf 

their  cineritloHS  rn^ttoi-  tmu  i)  reduced  hf 
the  greater  development  ef  the  wUt^ 
ftbtm 

Now  ia  6onsequeaee  ^  ffa«  dglilajianiit 

of  the  anferter  and  potttfHor  extretnitlw 
m  this  det9,  we  observe  that  both  the  posM 
terfa#  Md  tM  middle  enlai  gtfrtilihtt  or  tM 

spinal  marrow  kre  distinctir  rraTi?ffM'fe<4 

The 


ft  MOM 

of  Structure  already  developed  in  the  cro- 
eodilcs  and  in  the  inlerior  reptiles;  but 
Che  f  pino-Cerebral  axis  now  ftlla  the  esse- 
cm  eavfties  which  protect  it,  and  the  form 
ftnd  mntrnitudo  of  the  head  now  corre- 
spond with  thea*  of  the  cerebral  contents 
of  HM  tMttm  M  «««ry  peiiod  of  life. 
The  cinerJtioas  substance  has  inrrrasod  in 
tli« 


Spinal  ekotdf  snd  the  wiiite  fihvous  in  the  course  of  the  spinal  marrow. 
jfOMleti  In  itw  iMrsdil*  'me  olfeolnrj^  tn^  liMtcvfot*  ^MlargcuNMitf  I9  ivmdrknlite  (H 

ncrcles  have  much  dimiriisheft,  hut  rntain  hirds  for  its  magnitiul^  and  rta  ganglionic 
their  tubular  oonintumcation  with  the  form  and  structure.  This  greatly  incresiet! 
smaN  ventrieles  of  the  bemispbere*.   Th«  |  hfffk  sppeare  partly  to  dep«itd  on  ffte  l%h 

or  advanced  situation  wblclr  H  occaples  m 
thetrtmlv  of  birds,  at»d  the  nmnberof  nertrt 
which  have,  consequently,  to  be  sent  oat 
from  that  part  u>  sapi^  tbe  jMmfmkir  fe« 
gion  of  the  trnnl:,  a'-  Mell  the  hxrr:^  ntifi 
long  posterior  extremities.  Th^ts  it  i$ 
$it  AMrifRit,  ntfw  omiAmWI  Ik  ■  mmAI  I  itwc  And  &t9  M^ttnn,  wbfcft  yoB  1tii<MI^ 
•pftCe;  are  more  colkctprl  together  into ;  comprises  a  ^rcnx  portion  of  the  l  erte- 
g  1  onnded  4^m,  and  tbe  hemtspheres  j  bral  column  in  birds,  to  present  it9  inter* 
thus  extending  backwards  have  covered;  ml  spmal  canid  eMtOfly  Oppotdto  10  tM 
the  opwi  lo  )ef,  md  come  into  contact  with  two  cotyloid  cavities  snddenly  lngiea»ed  i>y 


wbit«  fibres  of  the  eorpwa  crilOiUBl  have 

begun  to  shoot  across  thet  npper  part  of 
the  unlbed  hemfsj^eret  of  the  brain.  The 
dBPlrtMA   iMnslsplMfWi  WKiit  tiMl  iMkRan 

portinn  of  the  crrchentTm  hnre  chiefly 
tncteasod  in  size.    The  whole  contents! 


the  cerebellum.  Tbe  white  striated  ap- 
pearance has  increased  in  the  bemispiieres. 
wfhe$9  wbupv  peroeivi  both  the  thalami 
ami  the  corpus  stnatnm,  and  thcne  riivcre:- 
io^lMoiciiUi  wchifig  umwda  and  inwards, 
mm  Uku  iiiiliMi  fiiifti,  tvUMw  tberndl-' 
mont  of  tbe  great  gii[K'rior  commissure  or 
c<irpn9  callosum  of  tbe  mammalia.  The 
great  development  of  tbe  hemispheref  al- 
tom  mUf  a  MaU  paft  of  the  optic  lobes, 
or  corpora  qnadrigemina,  to  be  vi!*!b1^  on 
their  back  part.  Tlie  cerebellum  in  birds 
li  of  gceM  ti*!^       IPlMA  MnWMd  Irith 


a  great  mnf>Tiirnde  hi  ttetf  SitttkM^WffS 
a  cranial  cu\  ity. 

Those  birds  which  are  observed  to  h/fht 
flic  ttinge  but  imperfectly  deve1o])p(!,  and 
the  legs  very  powerful,  as  the  ottrich,  the 
ThtMi  tbo  enicsi,  (feoettssofMRr^o^,  Mid  s^pvenif 

others,  liavr  tbe  rnidiHe  rnl.irrrerncMt  of 
the  spinal  marrow  remarkably  small,  and 
tbe  posterior  very  hrge,  presenting  a 
stHking  contrast  with  the  appearance  of 

those  parts  in  nome  of  the  din  mat  rafm- 
cious  birds,  where  the  anterior  extreuntiea 
are< 
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to  support  them  kmg  In  the  air,  «id  to 

enaUe  them  to  move  with  great  velocit\ 
through  that  medium  in  pursuit  of  their 
prey.  This  law  of  increment,  however,  we 
find  to  hold  generally  with  regard  to  these 
spinal  enlargements  in  all  the  vertebrated 
classes.  Gall  early  pointed  out,  how> 
flivwt  tint  not  menlf  is  this  enlargement 
of  the  spinnl  chord  obaerved  where  the 
great  nervous  trunks  going  to  the  extre* 
nities  are  given  off,  but  that  where  eveiy 
pair  of  nerves  comes  from  the  spinal  chord, 
the  gray  matter  within  that  portion  of  the 
spinal  columns  ou  each  side  exhibits  a 
proporfeioaal  enlargement.  Fkmn  the  ex- 
treme smallness  of  these  numerous  snc- 
eeiaive  enlargements  at  the  origins  of  the 
apind  nerves,  thejr  are  more  difficult  to 
perceive,  and  have  consequently  been 
questioned  by  many.  The  great  sym- 
pathetic has  now  arrived  at  a  high  de« 
gree  of  development,  and  the  ganglia  on 
the  sensitive  nerves  of  the  spine  have 
increazjed  m  size,  and  approached  more 
cskjsely  to  the  roots  of  those  posterior 
serves  than  in  the  inferior  classes.  The 
medulla  oblongata  is  less  suddenly  en- 
larged, and  the  fourth  ventricle  is  pro- 
longed Into  the  rrrehcnum.  From  the 
very  imperfect  development  of  the  lateral 
hemispheres  of  thecerehellnm,  their  gpreat 
commissure  of  converging  fibres,  the  tu- 
ber annulare,  or  pons  varolii,  is  still  de- 
hcient,  but  the  great  development  of  the 
cerebral  hemispheres,  and  their  more  in- 
timate union  on  the  median  plane,  are 
here  accompanied  by  the  first  develop- 
ment of  the  great  superior  commissure  of 
the  cerebral  hemispheres^  tlie  corpui  cal- 
losum. 

In  the  mamm^hroui  animals  tiie  same 

nianh  of  development,  hut  to  a  hij^licr 
grade,  is  perceptible  in  every  part  of  the 
nervous  system,  in  the  magnitude  and  ex- 
tension of  the  spino-cerebral  axis,  in  the 
methodical  distribution  of  the  great  sym- 
pathetic, in  the  increased  number  of  cine- 
ntions  deposits  in  all  parts  of  the  fibrous 
meilnllary  system,  in  the  increased  mag- 
nitude and  approximation  of  all  the  gan- 
glia on  the  symmetrical  sensitive  nerves, 
and  ill  thr:  more  comjjlete  union  of  all  the 
cerebral  p^rta  by  means  of  various  com- 
missures of  converging  fibres.  These  con- 
verging fibres  are  conceived  by  Lauren- 
CRT  to  be  continuous  with  tlic  diverging 
system,  and  to  form,  in  their  descent  from 
the  cineritious  covering  of  the  brain,  not 
only  the  various  commissures,  but  also  the 
cerebellum  and  the  posterior  or  sensitive 
ooinmns  of  the  spinal  chord.  We  can 
scarcely  perceive  the  corpus  callosum, 
the  great  commissure  of  the  cerebrsd 
hemispheres,  in  the  oviparous  animids. 
Tb^-^oBtmof  pod  poptiwior  ODmmianirea 


are  yet  remaHcahiy  emaD,  and  the  great 

corninissure  of  the  cerehellnm,  the  tabu- 
lar annulare,  or  the  pons  varolii,  you  can 
scarcely  perceive  a  trace  din  any  of  tiie 
vertebrated  animals  InIow  the  mammalia. 
As  we  Mcend  to  the  mammalia,  and  rise 
through  the  mammiferous  animals  to 
man,  tliose  great  commissures,  composed 
of  the  converging  system  of  filirrs,  \v'hat- 
ever  be  their  functions,  are  the  parts 
where  we  observe  the  most  marked  aigm 
of  increased  development.  It  is  not  alone 
in  the  increased  magnitude  of  the  surface 
of  those  great  centres  of  the  nervous  sys- 
tem, it  is  not  in  the  number  of  those  en* 
teroid  processes  of  the  brain,  as  the  con- 
volutions have  been  called  by  Rolando, 
that  we  observe  the  most  marleed  ohanc* 
ters  of  superiority  in  the  nervous-  S3'sten> 
of  mammalia,  but  in  the  complicated  in* 
temal  arrangements  of  the  nl  ires,  in  the 
texture  of  the  brain,  and  in  the  exten- 
sive distribntion  of  these  mysterious  in- 
struments in  every  part  of  the  body. 
The  cineritious  matter  is  now  least  ahon* 
dant  over  the  cerebral  hemispheres  pro- 
portioned to  tho  wliite  fibres  withiu, 
and  is  at  its  maximum  of  devdopment  la 
the  incdiilla  spinalis,  and  in  detached  gan- 
glionic portions  throughout  the  course  of 
the  spino-ooebral  aids,  as  In  the  mednlln 
oblongata,  the  pons  varolii,  the  hemi- 
spheres  of  the  rerebollnm  and  of  the 
brain.  The  great  sympathetic  is  also  at 
its  maximum  of  development  in  mam* 
malia,by  which  the  greatest  tmity  nnd  de- 
pendence are  established  in  ail  the  organs 
of  the  body.  lYie  number,  and  magnitude, 

nnd  eirseritiouf;  orcerebral  ehrirneteT,  of  the 
ganglia  of  the  great  sympathetic,  and  the 
extent  of  distributlonMtiiis  system  through 
the  body,  are  greatest  in  Ibis  class,  as  well  as 
arc  its  extent  of  connexion  with  the  spino- 
cerebral  axis,  and  its  degree  of  appropria- 
tion to  individual  organs.  The  periphery 
of  the  body  is  here  the  most  largely  supplied 
with  symmetrical  nerves  of  motion  and 
sensation  which  arise  from  roots  the  most 
approximated  to  each  other,  and  the  great 
rentral  columns  of  those  different  ner\'es 
are  here  the  most  intimately  united  to  eadi 
other  in  every  part  of  the  axis* 

The  spinal  cord  of  the  cetaccn,  like  that 
of  the  human  emhryo  and  the  tadpole,  ex- 
tends into  the  coccygeal  region,  and  tapers 
equally,  as  in  them,  from  the  want  of  legs, 
to  the  Cauda  equina,  destipite  of  its  poste- 
rior enlargement.  It  shortens  in  superior 
orders,  till  it  is  confiurd  to  the  moveable 
vertebi-SB  of  the  trunk.  How  different  is  tbe 
posterior  enlargement  of  the  jerboa  and 
kangaroo,  where  the  legs  are  dispropor- 
tionately large  and  the  arms  small,  when 
contrasted  with  that  of  the  bats,  where 

th<  yfmrfal9rm.t^  cany  tht  mnm 
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through  the  air!  The  cerebellum  is  large] 
in  the  rodentla,  and  the  hemispheres  of, 
the  brain  nre  small,  and  destitute  of  con- 
volutioni*,  as  iu  birds;  the  cerebral  hemi- 
■plheres  continue  small,  and  tbe  corpora 
c|uadriR^cmitiri  laipc,  in  the  feeble  hcrlnvo- 
reus  quadrupeds,  when  contrasted  with  the 
opposite  character  those  parts  present  in 
tbe  more  powerful  and  sagachms  carni- 
vora.  It  is  also  in  these  low  vef^ctable- 
cating  quadrupeds  that  lind  the  reptile 
condition  of  the  large  hollow  olfactory  tu- 
bercles communicating  with  the  cavities  of 
the  lateral  ventricles^  and  the  cerebral 
hemispberes  short  as  a  bird's,  though  con- 
volnted  on  the  suifacv,  ;md  not  developed 
backwards  over  tbe  cerebellum,  nor  so  far 
laterally,  as  they  are  in  carnivora.  It 
ii  a  wise  and  beneficent  Airangemcnt 
to  plnrc  these  hcrbi\'orou8  quadrupeds 
thus  low  in  tbe  scale  of  intellectual  deve- 
lopment. They  are  destined  to  consume 
vegetable  matter,  to  r  -  nvert  it  into  ani- 
roid  matter,  to  help  on  the  development 
of  organisation  on  this  planet,  to  serve 
as  tlie  prey  and  as  the  food  of  the 
more  wily,  more  sagacious,  and  more  in- 
telligent carnivorous  species,  which  must 
seize,  and  destroy,  and  devour  them,  or 
perish  and  leave  a  blank  in  the  creaHon, 
and  so  disturb  tbe  balance  of  the  species. 
Therefore  it  is  that  we  observe  that  the 
face  of  herbivorous  quadrupeds  is  large 
compared  with  their  cranial  cavity;  that 
they  have  large  ears,  large  eyeballs,  and 
large  organs  of  the  other  senses  which  the 
face  contains  and  protects,  but  that  in 
those  which  are  destined  to  way-lay  them 
and  to  destroy  tbem,  the  organs  of  the 
senses  are  less  developed  in  bulk,  but  tbe 
nervous  centres  are  more  so.  They  must 
plan  and  watcb,  and  perform  numerous 
complex  intellectual  njiorations  to  enable 
them  to  way-lay,  to  cuhnare,  and  to  seize 
their  prey,  which  nature  has  formed  them 
for  consuming,  and  digesting,  and  which 
has  provided  them  with  insti  uinents  of  de- 
struction, and  with  instincts  suited  to  their 
nsc.  In  herbivora,  the  whole  bulk  of  the 
optic  lobes  is  greatt-r  than  m  carnivora, 
but  the  anterior  corpora  quadnguaiina 
arc  lai^  and  the  poi^tcrior  small.  It  is 
the  reverse  in  carnivorous  quadrupeds, 
for  iu  them  the  auteriur  of  the  corpora 
quadrigemina  are  small,  and  the  posterior 
or  th(  tr-tca  arc  large.  Man  holds  a 
mciUuin  between  the  two,  which  shows 
that  the  development  of  those  anterior 
and  posterior  corpora  quadrigemina,  oi 
anterior  and  posterior  portions  of  the  optir 
lobejt,  tiikci\  separately,  does  not  corre- 
tpoud  with  the  degree  of  development 
of  the  whole  hennsphercs  of  tlie  braiu 

Now  wc  observe  that  those  supetlicial 
convolotliMia' become  deeper  and  moro  no* 


meroufl,  and  the  bcniispberes,  both  of 
cerebrum  and  0OTeb<dlQm,  larger,  at  we 

ascend  through  the  carnivorous  quad- 
rupeds, and  Uie  quadrumauous  animals* 
to  the  human  species.  Tbe  hemfapheree 

L  xtcnd  backwards,  so  as  to  cover  the  whole 
of  tbe  cerebellum,  in  the  higher  quadru- 
mana ;  as  yet,  however,  they  do  not  extend 
backwards  beyond  the  posterior  margin  of 
the  cerebellum,  which  they  do  in  the 
human  brain  to  the  extent  of  more  than 
half  an  inch.  On  looicing  at  the  interior, 
at  the  lateral  ventricles  of  the  brain,  or 
those  interstices  that  are  left  between  the 
systems  of  converging  and  diverging  fibres, 
we  observe  that  there  is  a  difference  be- 
twixt the  lateral  ventricles  in  man  and 
those  of  inferior  mammalia.  In  man  they 
shoot  backwards  into  the  posterior  lobes 
of  the  brain,  Tho«e  posterior  comua  of 
the  lateral  ventricles  liave  a  small  hippo- 
campus, the  Idppoeampm$  mteor,  that  w« 
tends  iTito  tbctn  but  when  we  examine 
tbispai't  of  tbe  hemispheres  in  the  inferiw 
qnadrumana,  we  observe  that  all  outward 
marks  of  the  posterior  lobea  disappeai", 
and  that  the  posterior  comua  of  the  la- 
teral ventricles  are  wanting,  and  that  no 
trace  of  the  hippocampus  minor  is  to  be  any 
longer  discovered,  though  the  fibres  that 
composed  it  exist  iu  a  diUcrent  external 
form.  Now  we  observe  that  thereis  thus  a 
gradual  approach  to  the  human  form  in 
those  great  nervous  centres  in  tbe  orangt 
of  India  and  Africa,  which  corresponds 
with  the  great  enlargement  of  their  whole 
cranial  cavity,  tlie  magnitude  of  their 
facial  angle,  the  smalluess  of  their  fooe^ 
and  their  high  degree  of  intellectual  deve- 
lopment. 

As  those  cerebral  parts'are  developed,  in 
all  the  vertebrated  classes,  chiefly  from  tbe 

three  great  bundles  of  nervous  filaments 
that  compose  the  medulla  oblongata  and ' 
the  spinal  marrow,  we  should  necessarily 
expect  to  find  a  correspondence  between 
the  development  of  those  three  bundles  of 
nervous  filaments  and  the  three  principal 
parts  of  the  brain— the  hemispheres,  the 
optic  lobes,  ami  the  cerebellum.  Thus  as 
we  see  that  the  principal  fibres  which  com- 
pose the  hemispheres  of  the  cerebellum 
arc  derived  fiom  the  corpora  rest  if ormia,  or 
those  great  bundles  of  nervous  filaments 
which  lie  at  the  posterior  part  of  tbe  me- 
dulla oblongata,  we  should  expect  to  find, 
as  wc  do,  that  in  proportion  as  the  corpora 
rexfiformia  are  developed,  the  hemispheres 
and  the  cerebellum  manifest  in  all  the 
classes  a  proportional  enlargement;  and 
vice  ver»a.  As  tbe  corpora  oltftorta,  or 
those  nervous  bundles  that  are  jilaccd  at 
the  sides  of  the  n>cdulla  oblongata,  chiefly 
form  the  optic  lubes,  we  should  expect  to 
And  that  in  proiiortioa  as  tbe  corpora 
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manner,  with  the  common  gorc^t  and 
staff.  The  stone  extracted  weighed  nearly 


olivana  ox  middle  fasciculi  an  devdoped^ '  operation,  and  a  fall  dose  of  castor  oil  to 
•»  thcpW  Uifc  <pa>  lafcw  b»  df  tlopftil;!be  givwi  iteday  befcr»,  Ob  Mm  fioOovw 

and  when  the  optic  lobes,  the  optic  ing^  morning  the  hladtler  was  injected  witi 
mtnrtM,  mad  thm  wea,  ar9  larger  in  ani-  a  mixture  of  wann  milk  and  water,  and 

a  proportional  increase  of  size.   The  eor- 

prrra  jnframirffjUa,  which  compose*  the  an- 

teiioi  oi  the  great  colarons  ol  nervous  I  three  drams.  No  ualavourable  symp* 
ftbres  of  the  medulla  •Uoof2;ata,  shoot  for- !  tonis  occurred  afterwards ;  the  woond 
l*»rds  through  the  ponsvarolii  and  through  henlL  tl  in  ahout  three  weeks,  since  which 
tte  crura  of  the  brain,  and  compoaa  the  period  the  chihi  has  continued  quite  well. 

Kftater  part  of  tiMMS  eereVital  lieRiitplieree. '    ^  t       -n-  t_  ■%  a.-, 

T,T-r ,  nc  ,     (\    \       r  '    Case  II. — Jaines  Fisher,  aged  4i,  con- 

In  pro poitjon,  tnercior c,  as  \vc  imii  tin.'-,e  ,  .  , 

grekt  anterior  cohimns,  the  corpora  pyra-  1"^^,                          «^  M^'-f  »>}  ^^JL 

midalia,  developed,  ^  ^bsen^B  a  cone-  afflicted  very 

•poBd^  magnituda  af  the  cerebral  he-  "^f^  t^e  symptoms  of  calcul.s 

tlispWs  in   the  vertehrated  nnimals.  more  than  two  yeais ;  aiid,  latterly,  iiad 

Thr-  optic  lohcs  we  have  seen  greatest  in ;  .^^f"  PV*^.  ^7!''''}^ 
proportion  in  tka  iMVMt  aateals,         in  bed  durmg  the  night,  m  consequence  of 
least  in  the  hf ?hest,  and  the  samr  ^vith  the '  irowW«so'"e  murtuntion.  At  tbu  time, pro- 
<»l&ctory  tubercles;  but  the  cerebral  he-  *^*»»*>'  ^  »  nctmoi  called 

aiblriierea  attd  the  laterri  hemispheres  of 

the  crrcVirillutn  \v:ive.  fc'r;i(lual!\'  advanced 
with  the  general  march  of  development; 
and  the  brain  of  man,  the  instrument  of 
all  his  intellectual  operations,  in  mount- 
ing from  ir^  einhrj'o  to  its  adult  condition, 
passe*  through  evei7  phasis  of  develop- 
by  ftlM  initrtof  vtrtebfala. 


CAMS  0» 

BTONB  IN  THE  BLADDER, 

WTH«TOMV.— NEW  OIRKCTOR. 


To  the  Editor  of  The  Lancet. 

Sir, — I  beg  to  enclose  some  original 
practical  remark*  on  a  new  direeuv  for 
the  knife  in  tlie  operation  of  Litliotomy, 
which  aithough  it  may  not  h«  quite  »atis< 
fiustory  to  penoiw  who  have  only  rtadied 
the  point  theoretically,  will,  I  think, 
interest  practical  men.  In  the  hope  that 
it  will  meet  with  the  approbatiou  of  the 
yrafesiion,  1  shall  be  happy  to  ttaaemit 
yon  R  drawing  of  the  instruments  on  an 
iuuiuation  to  that  effect.  I  remain,  bir, 
YonnidthliiUy  and  respectfully, 
GsoaoB  Walikk  Jambs, 

Suru;eon. 

Great  Hampton-Street,  Bimiiighani, 

Cabs  t.— Mrs.  Martin's  son,  Darlaston, 
aged  four  years,  had  been  labowriiig  under 
the  sym[)totns  of  stone  for  more  than 
twelve  nKuiLlu,  from  the  present  time 
(July,  Ihe  early  indicatieiw  were 

not  Tiotitu  *]  i>y  the  mother.  I  director!  the 
child  to  be  kept  as  quiet  as  possible,  and 
9a»ttis  <MBlier  OM  week  ^re?ioui  to  the 


'*  Constitution  Water,"  he  suffered  much 
pain  in  voidinghis  urine,  which  was  cloudy, 
and  deposited  a  purulent  sediment.  Tfus 
patient  was  of  a  gross  habit,  and  had,  ^ 
appeared,  been  much  addicted  to  ale^ 
drinking,  the  alleged  anti-lithic  virtues  of 
which  were  not,  it  appear^  evinced  in 
thi(!  instance.*  Having  carefully  sounds 
and  ascertained  the  existence  of  stoai^ 
the  woal  preparatmy  neans  9i  ttiiel 
quietude,  purgatives,  and  a  Fight  £e4y 
were  strictly  enfVjrced,  and  the  24th  ol 
March  wa^i  lixed  uu  loi  the  operation.  An 
active  enema  was  administered  early  ia 
the  morning  of  that  day,  nnrl  after  its  fuQ 
operation  an  effective  dose  of  opijun,  ia 
order  to  support  ids  rebotntionto  Bnd^iB 
the  operation. 

On  introducing  the  catheter  for  the 
purpose  of  injecting  the  bladder,  it  audibly 
came  in  contact  with  the  stone ;  the  staff 
ftein!;  then  passed,  and  resting  on  the  c?.l- 
cuiuii,  a  tree  incision  wsla  made  iutu  the 
groove,  which  bdog  bared  to  the  reqniiiiB 
extent,  the  largest-sized  gorget  was  car* 
ried  forwards  into  the  bladder.  There 
was  some  diiRcuIcy  in  the  extrecfion* 
arising  frmn  the  figure  of  the  calcului, 
which  was  very  wide  and  long,— but  by 
depressing  its  left  edge  into  the  axis  of  the 
wound,  it  was  withdrawn.  It  was  of  a 
whitish-yellAw  colour,  and  although  U 
light  specihc  gravity,  it  weighed  two 
ounces  within  twenty>five  grains.  Tberft 
was  considerable  hemorrhage  during  the 
operation,  and  it  was  requisite  to  secure  a 
large  hrsnch  at  the  lower  extremity  of  die 
wound.  Thia  hcnionhagc  was  in  a  great 
measure  induced  by  the  man  liaving  se* 
cretly  drunk  half  a  pint  of  rum,  besides 
some  ale,  before  we  amved.  The  bleed- 
ing ceased  alter  the  extactiou  of  the 

Psrls  •  FlMirHiMJviogia. 
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LECTURE  XXXIX. 
ON  THE  ORGANS  UF  VISIOV. 

At  the  extremities  of  moat  of  the  sensi- 
tive nervefl  which  itane  from  the  inter- 
vertebral foramina  of  the  cranium,  or 
those  next  to  the  entrance  of  tho  alimont- 
ary  canal,  are  placed  insti  uiueiitij  aiiapt- 
cd  to  convey  a  more  perfect  cognizance  of 
the  properties  of  outward  objects;  thc^e 
inatrumeata  are  the  organ*  qf  the  tenses, 
and  tlieir  oonrideration  follows  natorally 
that  of  the  ner\ous  system  to  which 
tiiey  arc  tubotdlnate.  These  opti<»l, 
acooatic,  and  other  initromentt,  placed 
before  the  sensitive  nerves  of  the  cranial  | 
vertebra^,  are  not  designed  to  receive  or 
to  coiumutiicate  sensations,  but  to  con- 
yvy  more  distinct  imprenions  to  these 
nerves,  and  thus  to  excite  more  distinct 
perceptions  of  the  various  properties  of 
aorronnding  objects,  to  as  to  enable  the 
animal  better  to  distinguish  wliat  is  useful 
from  what  is  hurtful  to  its  nature.  In  the 
more  perfect  forms  of  thueseinstraments,  the 
principal  sensitive  nerve  of  the  organ  is  ac- 
conipanied  by  an  accessary  branch,  which 
»<  also  indispensable  to  the  function.  The 
moet  nnmeroas,  the  most  varied*  end  the 
most  important  intpresrioiUi  are  those 
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which  animals  receive  from  light,  so  ex- 
tensively spread  through  nature  ;  indeed 
this  agent  exeits  an  important  influence 
on  the  three  kingdoms  <»  natural  bodies, 
on  the  constitution  and  properties  of  mine- 
rals, and  on  all  the  vital  movements  of 
plants  and  animals.  Many  animals^  Uke 
plants,  are  obviously  afTected  by  light, 
without  possessing  organs  of  vision,  or 
even  a  perceptible  filament  of  nervous 
matter;  and  where  the  nervous  system 
and  the  nrt^nns  of  the  senses  are  the  most 
developed,  these  great  centres  of  the  ani- 
mal functions  are  situate  where  Uiey  may 
!)cst  watch  over  the  vegetative.  As  plants, 
guided  by  Ught,  open  and  close  their  flowers 
and  tiiefr  leaves,  or  follow  with  their  ex- 
panded flowers  the  course  of  the  sun,  or 
seek  the  light  with  their  branches  and 
their  leavea,  without  a  nervous  system,  so 
we  perceive  the  geromules  of  poriferous 
anitiials  '^ui'lr  l  in  the  selection  of  their 
place  for  hxing  and  developing  by  the  in- 
fluence the  same  agent.  Some  aoo* 
phytes  expanil  or  contract  their  hndy  or 
their  polypi  according  to  the  intensity  of 
the  light;  and  the  free  moving  hydra 
seek  the  most  lighted  situations  in  their 
aquatic  element,  without  exhihitint^  either 
organs  of  vision  or  nerves,  and  the  topo* 
graphical  distribution  of  the  spontaneously 
TTioving  gemmules  in  that  class  of  ani- 
mals, on  the  surface  of  rocks,  or  caves,  or 
precipices,  or  the  bottom  of  the  ooeaa» 
appears  to  be  regulated  chiefly  by  the  in- 
fluence of  light.  The  spontaneous  mo- 
tions of  medusae,  and  other  gregariom 
!  acalepha,  appear  also  to  be  guided  by  this 
agent,  withnut  their  having  distinct  la- 
gans appropriated  to  it. 

Organs,  however,  appropriated  to  l^t 
are  perceptible  in  aninials,  where  no  ner- 
vous filament  has  been  yet  discovered  in 
their  body.  Many  of  me  minute  poly- 
gastric  animalcules  are  sensible  to  light, 
and  seek  it,  Uke  the  hydrse  among  zoo- 
phytes ;  and  on  examining  their  surfiuse 
with  a  microscope,  we  can  generally  de- 
tect snnl!,  vonnd.  o;taqne,  red-coloured 
spots,  on  tlie  ajiterior  pai't  of  their  body. 
In  many  of  the  simplest  pol]^a8tric  ani- 
malcules, tboN  red  pointi  aie  to  doself 
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approximated  as  to  coastitute  a  single  eye, 
constituting  a  monocnloiis  animalcule.  Now 
no  magnifying  powerf,  which  the  anato- 
mist yet  pusbusacs,  enable  him  to  dissect 
those  minute  visual  organs  of  the  poly- 
gastric  animalcules.  The  most  powerful 
means  of  inveatigatang  these  minutestvuc- 
tores  only  show  those  miimte  organs  as 
opaque  red  spots  on  the  hack  part  of  the 
head,  and  symmetrically  disposed,  as  the 
ey«fl  in  annelides  and  other  animals  of  the 
loweit  grade  of  organintmn.  There  are 
sometimes  two  of  these  distinct  well-dc 
fined  red  points  disposed  on  the  upper 
part  of  the  necic,  as  yoa  see  in  the  mtffuma 
acut  of  Bhrenberg  (J^.  148,  «),  where 


tbeycontiaet  heautifuny  with  theEvely- 

green  colour  of  the  body,  and  as  we  see 
also  in  the  body  of  the  cerearia  viridis, 
which  is  highly  sensible  to  light,  and 
seeks  to  enjoy  it.  In  the  thin  membranous 
green-coloured  body  of  the  euglena  longi- 
eauda  \_Fiy.  148,  b)^  these  minute  eyes  are 
uaited,and^ipi»rasa8ingle  small  redpoint 
near  the  anterior  part  nf  the  body.  These 
eyes  are  more  obvioui>  in  many  of  the 
larger  polygastric  animalcole^  as  this 
yellowish -gray-coloured  ophryoglena  fla- 
tticoHM  (Fur.  148,  c),  where  there  appears 
hut  one  red  spot  on  the  median  line  near 
fiie  anterior  part  of  the  body.   These  ru- 
dimentary organs  of  vision  arc  soon  even 
in  the  //lona^if,  which  havebecu  commonly 
placed  at  the  bottom  of  the  anunal  king- 
(Inm,  hut  nn  filament  of  nervoiii  matter  has 
ever  been  detected  in  the  body  of  a  poly- 
gastric animalcule.  This  superficial  opaque 
spot,  to  absorb  the  rays  of  light,  is  the  first 
ff>rn!  of  the  eye  which  we  sec  also  in  an- 
ueiales  and  in  the  larvae  of  iubects,  when 
that  organ  is  be^aning  to  develop ;  so 
that  when  a  distinct  optic  ner\'e  is  added 
to  this  organ,  it  is  naturally  developed 
behind  this  pigment,  a  positlcm  which  it 
most  frequently  |)!C3euts  in  the  eyes  of 
lATerteiM-ated  animals,  even  when  trans- 
parent parts  ase  added  to  collect  light, 
or  to  form  an  image  to  be  transmitted 
through  a  hole  in  this  choroidal  pig- 
ment.   The  great  activity  and  rapid 
movements  of  the  pofy^uifieoj  above  all 
the  other  radiated  classes,  required  them 
to  yosseas  organs  adapted  to  tiie  perceji-j 


tion  of  luminous  rays,  and  to  distinguish 
light  from  darkness,  if  not  to  perceive 

the  forms  and  properties  of  outward  ob- 
jects as  their  prey.  The  Axed  condUioa 
or  the  slow  movements  of  the  other  radi* 
ated  classes,  render  less  necessary  to  them 
organs  of  this  nature,  and  although  they 
are  found  in  every  class  of  the  betmin- 
thoid  and  entomoid  animals,  they  are  not 
found  in  any  of  the  higher  radiated  classes. 

The  eiitozoa  for  the  most  part  requiie  ■ 
no  organs  of  vision,  and  scarcely  any  or- 
gans of  sense.    What  should  f\ie  fii/dafid, 
[or  the  ffuinea-wormf  or  the  ascarides,  do 
with  palpi,  or  antennse,  or  eyes,  living, 
as  they  do,  embedded  in  the  soft  fleshy 
substance  of  the  animals  upon  which  they 
feed.'   The  substance  npon  which  they 
feed  is  that  in  wlbcl  they  are  embedded, 
and  is  everywhere  in  contact  with  tbo  soft 
surface  of  their  body,— that  is,  their  organ 
of  sense.  Bat  there  aee  ammi^s  belonging, 
to  this  class  which  are  not  so  internally 
situate,  and  which  have  a  great  part  cxf 
their  body  hanging  free  in  the  surrounds 
ing  external  element;   the   lemtPtL,  the 
chondrocanthus,  and  numerous  other  ge- 
nera of  those  animals,  hanging  immove« 
ably  attached  to  the  soft  eztmiil  MCti^ 
the  mouth,  for  instance,  or  the  giH'^,  or 
the  eyes  of  fishes,  require  more  to  ha\'e 
the  meanvof  dislingniiliing  the  parts  they 
are  to  pi  err  r  and  to  ?nrk,  niul  of  acquiring 
generally  more  distinct  and  precise  im- 
pressions from  the  surrounding  parts,  than 
thosethataraentirely  buried  within  afleshy 
substance  upon  which  they  feed ;  there- 
fore it  is  that  many  of  those  remarkable 
animals  have  been  found  to  possess  dis- 
tinct sessile  simple  eyes,  which  are  almost 
always  united  into  one  on  the  median  line 
of  the  head,  or  consisted  originally  of  one, 
as  in  many  of  the  animalcules,  and  of  the 
rotiforous  animals,  and  of  the  microscopic 
(ji  UisLacca.    In  some  the  eyes  are  more 
numerous,  and  are  placed  apart  from  each 
other,  as  we  sec  in  this  remarka'ile  little 
animal  found  on  the  giUs  of  the  breams  and 
called  by  NonoMANN  ffyrodaotplm  aurictt^ 
latus  (Pig.  119),  where  we  perceive  four 
minute  red-coloured  eyes,  placed  in  two 
pairs  behind  each  other  on  the  back  pat  t 
of  the  neck.  In  thegreatfiunilyoflemsett^ 
however,  there  is  commonly  but  one 
round  conspicuous  sessile  eye  placed 
above  the  anterior  extremity  of  the  trunk, 
as  in  the  lamproghna,  where  the  lo  is  al- 
ready a  partial  division  of  the  trunk  into 
a  head  with  tentacula  and  maxillae,  a  tho- 
rax consisting  of  three  segments,  and  an 
abdominal  portion  consisting  of  four  Icss- 
distinctly-niarkcd  lengthened  segments. 
The  ergasilus  gihbUM  {Fig*  150),  found  at* 
tachcd  in  myriads  to  the  gills  of  fresh  - 
water fishes^,  presents  a  «ephalo-thonu(» 
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atxloinlnal  distinct  segments,  lonp  ovarial 
•acs,  rudimentary  extremities,  antennce, 
naxillae,  and  a  very  distinct  dwrk  found 
■ingle  eye,  plared  above  the  anterior  ex- 
FhI»  150  tremity  of  the  trunk.  Thus 
we  perceive  in  the  position, 
the  ferm,  and  the  itracture 
of  the  eye  in  these  singular 
cpizoa,  a  further  affinity  to 
the  entoMOStraeeua  and  pft» 
rasitic  Crustacea,  where  the 
monoculous  character  is  com- 
mon to  maaf  of  tbe  principal 
forms. 

In  nearly  all  the  rotiferons 
animals,  —the  wheel-aniraal- 
etiles,  —  eyes  are  distinctly 
present,  of  a  round  form, 
often  two  iu  number,  of  a 
red  colonr,  sometines  dosely 
approximated  or  united  to  each  other,  and 
placed  as  in  the  polygasti-ic  animalcules  in 
one  drcnlar  spot  on  the  upper  and  ante- 
rior part  of  the  body.  This  distinct  deve- 
lopment of  the  organs  of  vision,  is  not  so 
remarkable  in  these  wheel-anitnalcides, 
when  we  consider  the  whole  complicated 
internal  structure,  and  the  active  livini^ 
oondition  of  those  minute  rotiferous  ani- 
mal* that  are  not  bmrfed  in  a  iiethy  tub- 
stance,  like  entozoa,  nor  fixed  to  rocks 
like  most  radiata,  but  which  move  about 
rapidly  In  all  directions  by  the  vibrations 
of  their  little  wheels  or  circles  of  cilia,  on 
the  anterior  part  of  their  body;  therefore 
it  is  that  they  require  to  have  relations 
mmUMium  iatlmfttdy  btft«M  thin 


to  as  they  possess  a  highly  complicated 
and  very  delicate  internal  ovgan^zatiouy^ 
It  wotdd,  indeed,  he  aoomahtos  to  find  tor 
largely  developed  ganglia  at  the  anterior 
part  of  the  body, — these  cerebral  and 
oesophageal  ganglia  in  the  rotifera,  were 
tlnee  animals  not  possessaii  of  tome  kMI 
of  organs  for  particular  sensations  deve- 
loped in  that  region  of  the  body.  Tlieso 
eyet  have  been  flgaied  hi  saveni  of  tlio 
species  of  the  rotifera  in  these  plates  of 
£HRBNBsno.  At  I  have  mentioned,  we 
ohierve  them  at  Ihe  anterior  part  of  the 
body,  behind  the  muscular  apparatus  or 
the  cilia  when  these  are  protruded,  and 
they  appear  as  two  deep-red,  'opaque,  se* 
parate,  round  spots.  On  |veMUigf  fha 
little  wheel-?.nimalcnle  between  two  plates 
of  glass,  the  eyeball  is  seen  to  burst,  and 
the  deep-coloured  pigment  to  escape. 
These  two  deep-red  eyes  are  seen,  ilot 
only  in  idmost  all  the  wheel-animalcules, 
hot  also  in  th«  faeta*  in  woy  whil^  yef^ 
within  the  trantpai^ent  body  of  thtfpMeatr 
The  apparent  position  of  these  eyes  va- 
ries according  to  the  degree  to  which  the 
muscular  apparatus  of  flm  moolh  it  tUf 
tcn<led,  but  almost  always  preserve  a  po- 
sition anterior  to  the  jaws.  They  are  never 
pedneidatod,  nor  protMtod  1^  eMrMl 
coveviBgji  of  any  kini^ 

In  the  einhapodout  animals  we  find  ar<^ 
ticttbM  beings  kwerled  iM  tolid,  and,  for 
the  most  part,  very  opaque  shells ;  fixed 
permanently  in  those  shells,  and  capable 
by  their  ttraeture  only  of  extending  Ibo' 
posterior  part  of  their  trunk  firom  the  ca- 
vities of  their  shells.  What  should  such 
anhmdt  do  with  eyet  to  ttave  flt  the  hot* 
torn  of  the  shut  cavities  of  their  shells ; 
and  if  they  could  see,  of  what  advantage 
would  it  be  ?  Seeing  that  they  are  fixed 
permanently  in  an  inverted  position  in  tlM 
shells,  it  would  be  misery  to  see  what  was 
to  be. desired,  and  yet  not  be  able  to  move 
a  memiierj  Sndisy  tlMmtelvea  thus  tmd/ 
Therefore  it  is  we  find  no  cirrhopod  pos- 
sessed of  organs  of  vision,  and  they  are 
remaricahle  among  the  articiilatod  clamot 
for  their  defldency  in  ovgana  of  i 


In  most  of  the  free  armelideg,  as  in  ^he 
rotifera»  the  eyes  are  obvious,  and  they  are 
often  numerous  in  this  class,  where  they 
rcmaiu  simple,  sessile,  and  detached.  In 
the  little  prottoma  Mrmahim,  tiid  head  is 
covered  with  oculiforra  points  of  a  dark 
colour,  and  in  the  minute  pr^stoma  ciep- 
nnoidenm,  a  tmall  planaria,  liiere  are  nbc 
eyes.  In  other  species  of  prostoma  tiiere 
are  four  eyes.  In  many  planaricc  there 
arc  two  eyes,  in  some,  as  the  planaria  vi- 

^«MM%.fh«M  ti  »  Hi^  warn  akaw> 
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forty  eyes,  passing  round  all  the  forepart 

of  tbe  body,  and  the  same  is  the  caae  with 
the  planaria  nigra.  This  long  lineal  ar- 
rangement of  the  eyes  in  these  very  sim- 
ple annelidei^  rewmblei  the^  mode  of 
distribution  around  the  margin  of  the 
mantle  in  the  pecten  among  the  low  ace- 
phalovn  moUvsca.  We  see  this  arrange- 
ment again  in  the  simple  though  nume- 
rous eyes  of  the  leech.  In  the  syllit  moni- 
Uaria  there  arc  two  pairs  of  eyes  which  are 
]ilaced  on  two  lateral  lobes  of  the  first  wtig' 
ment,  and  in  the  nen'is  nuntia  there  arc 
four  large  and  numerous  small  eyes  dis- 
poMd  around  the  bead.  There  are  only 
two  in  the  evphrosine  laureate.  These 
eyes  commonly  project  shining  from  the 
general  snrfiuse,  and  present  a  transparent 
lens,  added  tO'the  oark  pigment  and  the 
optic  nerre. 

The  eyes  of  the  tnyriapod*  partake  both 
of  the  character  of  those  of  the  inferior 
annelides,  and  of  those  of  the  higher  forms 
of  insects.  Some  present  no  trace  of  these 
organs.  Most  present  numerous  separate 
Mmple  eyes  disposed  in  gi-oups  on  the 
sides  of  the  head ;  but  the  teuHfftra  has 
large  compound  eyes  like  those  of  an  in- 
sect. Even  in  these  compound  eyes  of 
the  scutifferOf  the  several  cornea:  are  more 
round  and  liirger  than  they  are  on  the 
compound  eyes  of  true  hcxapodous  in- 
sects, and  present  only  an  approach  to 
that  singular  form  of  the  organ  of  vision. 
The  compound  eyes  of  perfect  insects  con- 
sist merely  of  an  aggregate  of  many  of 
these  mare  deladied  eyes  of  the  myria- 
pod%  they  form  a  globular  mass  of  twenty 
or  thirty  thousand  minute  eyes  closely 
pressed  together  on  each  side  of  the  in- 
aeot's  head.  The  epidermis  passes  smooth 
over  the  whole  exterior  of  the  globe,  and 
immediately  beneath  it  are  placed  the 
nnmeroiis  hexagonal  focettea  or  ommeaB  of 
the  several  minute  eyes,  as  you  observe 
in  tbe  common  cockchaifer  melolontha 
wfymrU  {Fi^.  151).  Beneath  the  continu- 

FSg,  151 
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gregation  of  these  hewigonal  and  almcsl 

prismatic  comeae,  are  placed  the  lenses  of 
a  smooth  round  conical  form,  with  their 
flat  base  towards  tbe  cornea,  and  their 
apex  directed  inwards  to  the  terminal 
point  of  the  optic  ner\'e    {Fiy.  151,  a). 
These  conical  transparent  horny  lenses 
{Mg.  151,  b)  are  easily  scraped  off  from 
the  inner  surface  of  the  corneic,  and  ap- 
pear, when  thus  isolated,  to  have  smooth 
round  parietes  with  a  flat  base,  and  they 
acquire  a  whitish  opaque  colour,  by  the 
action  of  spirit  like  those  of  higher  ani- 
mals.   They  are  surrounded  by  tbe  cho- 
roid pigment,  and  in  some^  as  the  HM- 
lulePf  this  choroid  seems  to  form  a  sort  of 
iris  or  uvea  between  the  base  of  the  lenses 
and  the  inner  swrlisoe  of  the  comese^  and 
to  leave  space  for  a  small  quantity  of 
aqueous  humour.    The  lenses  are  re- 
markable for  their  length  in  the  libelliU<e, 
where  they  appear  like  long  slender  pa* 
rallel  transparent  cylinders,  tapering  a 
little  towardis  the  ends  of  the  optic  nerves, 
they  are  generally  mudi  shorter  in  pro* 
portion  to  their  breadth,  as  you  see  in  the 
cockchaffer  {lig.  Ibl,  b).   These  slender 
optic  nerves,  at  the  hasies  of  the  lenses, 
pass  backwards  through  the  semi-fluid 
pigment  or  vitreous  humour  to  the  great 
optic  ganglion  w  ithin  the  globe  of  the  eye,, 
which  is  almost  a  prolongation  of  tlMK 
brain  itself.   The  light  has  thus  an  un- 
interrupted passage  through  the  outer 
transparent  homogeneons  covering  of  epi* 
dermis,  then  through  the  transparent  cen- 
tral part  of  each  hexagonal  cornea,  and, 
lastl}',  through  the  jjupilar  opening  of  the 
choroid  and  the  conical  lens  behind  it, 
where  it  reaches  the  terminal  points  of 
the  several  optic  nerves  {Fig.  151,  a),  by 
which  the  iuiprcijsion  is  felt  or  conveyed 
to  the  brain.    Besides  these  compound 
eyes,  insects  often  present  at  the  back 
part  of  the  head  several  simple  sessile  de* 
tachcd  smooth  eyes,  like  those  of  inferior 
articulated  classes,  and  these  simple  eyes 
or  ocelli  are  those  which  alone  are  deve- 
loped in  the  larva:.   Jn  these  simple  eyes 
of  the  larva,  as  in  this  caterpillar  of  the 
cossus  ligniperda  (Fig.  152),  nearly  the 
same  structure  exists,  as  in  eadi  <tf  the 
separate  parts  of  the  rompound  eye  of  the 
perfect  insect.   Wc  observe  six  of  these- 
oeelH  disposed  in  a  drcnlar  form  on  the 
parietal  pieces  of  the  bead ;  these  simple 
eyes  have  a  cup-like  form  {Fig.  152), 
each  covered  with  its  own  convex  cornea, 
and  bavinc;  its  minute  transparent  roond 
or  spherical  lens  in  front  of  tbe  vitreous 
humour  and  optic  filament,  with  a  trans- 
parent axis  throngh  the  middle  of  the 
choroid,  pointed  out  hy  Lvonet.  Each 
of  these  ocelli  has  a  branch  of  a  trachea 
directed  to  it  [Fig.  152),  and  Staavs  has 
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dctcctcfl  tlie  ra 111 ifi cations  of  these  tra- 
cheae in  the  compound  eyes  of  the  fnelo- 
lontha.  The  ocelli  are  generally  three  in 
Fig,  152  ^"^^ci*  on  each  side  of  the  head 
behind  the  compoand  eyes,  when 
they  occur  along  with  these  in 
the  perfect  insect,  and  their 
whole  organization  agrees  very 
closely  with  tliat  of  the  simple 
eyes  of  the  aracbnida.  Those 
ocelli,  which  are  the  only  or- 
gans of  Tision  of  the  larva,  have 
been  considered  as  organized  for 
receiving  impressionti  solely  from 
near  objects,  while  the  compound 
eyes  are  organized  for  receiv- 
ing impressions  from  objects  at 
greater  dis.tanccs;  and  this  is 
thought  to  accord  with  the  condition  of 
the  larvao  "often  immersed  in  putrid  car- 
casses, or  creeping  over  the  surface  of  de- 
caying organized  matter.  They  have  no 
wings  to  fly  with  to  a  distance;  they  have 
no  necessity  to  be  informed  of  that  which 
is  at  a  distaiUN^  bat  have  onl)  to  regard 
what  is  immediately  before  their  jaws,  or 
their  proboscis  \  for  those  animals  are 
formed  to  coiisurnc  tleud  matter,  and  to 
convert  it  into  living,  and  they  pass  a  great 
part  of  their  life  in  this  voracious  condi* 
tion,  and  pos^cs&ing  only  simple  eyes  or 
oeelS.  Now,  inthese  simple  and  oomponnd 
eye  s,  wc  yet  observe  none  of  the  important 
external  parts  which  are  superadded  to 
the  organ  of  vision  in  higher  animals. 
All  the  perfecting  external  apparatus  of 
the  organs  of  vision  are  here  still  wanting. 
In  place  of  eyelids,  lachrymal  glands,  and 
all  that  higher  and  more  peifect  appa- 
ratus to  complete  the  organ,  we  find  the'^e 
insects  brushing  the  globe  with  the  hairy 
tiowny  sabatance  covering  their  legs  and 
their  taisL 

The  eyes  of  afweimVfa,  like  those  of  the 
Vljrriapods,  are  simple  and  sessile,  while 
those  of  Crustacea  arc  compound,  like 
those  of  insects.  From  two  to  twelve  of 
these  smooth  eyes  are  seen  in  the  anunals 
of  this  class.  There  occtir  ton  in  Rome  of 
the  scorpions,  and  twelve  in  others,  and 
the  largest  of  them  present  the  most  ele- 
vated form  of  this  organ  which  is  found 
in  the  articulated  division  of  the  animal 
kingdom.  Beneath  the  nsnal  convex  cor- 
nea there  is  a  short  round  crystalline  lens 
as  in  the  eye  of  the  vertebrata.  There  is 
a  vitreous  hunioui  placed  before  the  pig- 
moittnm  and  the  choroid,  and  ^  opUc 
ncr%'c  spreads  out  into  a  membranous  re- 
tina, so  that  the  organ  of  vision  here  ap- 
proaobeamudi  more  neailyto  its  verte- 
brate form,  and  tho  structure  appears  to 
be  the  same  in  the  myyale,  and  the  taran- 
$uls,  and  all  the  larger  andaidvu 


The  eyes  of  cnifiiaceous  animals  are 
compound,  generally  pedunculated  and 
moveable,  often  sessile  and  immoveable. 
Like  those  of  insects,  and  in  the  lower  en- 
tomostraoons  species  the  eyes  are  fre* 
quently  united  on  the  median  plane  into 
a  single  organ  constituting  true  monoculi, 
a  character  in  which  these  parasitic  Crus- 
tacea approach  to  the  epiioa.  The  in- 
ternal structure  is  the  same  as  in  tho 
compound  eyes  of  insects,  and  has  been 
known  in  lliia  class  from  the  time  of 
Lewenhoek,  who  first  observed  the  cry-:.- 
talline  conical  lenses  within  the  external 
layer  of  angtdar  prismatic  cornea:,  spread 
over  the  whole  ball  of  the  eye  in  the  com- 
mon cray-fish  or  l  iver  crab.  These  parts 
of  the  compound  eyes  of  crabs  have  also 
been  dewribed  by  Cavolini,  by  Swam- 
MKRD  AM,  and  by  many  later  observer?,  so 
that  the  similarity  of  these  organs  in  the 
two  classes  is  satisbctorily  established. 
Beneafli  the  continuous  homogeneous  epi- 
dermis the  prismatic  comese  are  some- 
times quadrangular,  but  most  ftequentlf 
hexagonal,  and  to  the  under  extremity  of 
these  prismatic  coiTic;e  are  applied  the 
fiat  bases  oi  the  conical  transparent  lenses, 
which  have  their  truncated  internal  apicef 
applied  to  the  ends  of  the  optic  nerves. 
As  in  insects,  the  whole  sides  of  these 
transparent  conical  ImmB,  as  well  as  the 
optic  filaments  at  their  inner  extremities, 
are  covered  with  the  dark,  opaque,  cho- 
roid pigment,  so  that  only  a  small  pencil 
of  light  gains  admission  through  these 
lonfj  narrow  darkened  tubes  to  the  mi- 
uuie  aperture  at  the  posterior  truncated 
apex  of  each  lens  where  the  optic  nerve 
terminates.  The  optic  nerves  themselves, 
throughout  their  course  in  the  ball  of  the 
eye,  are  covered  with  the  same  dionrid 
opaque  pigment  as  that  which  coats  the 
lenses.  The  lenses  in  the  cray-fish,  and 
in  the  jahmon  saMat,  are  not  round  in 
their  outline,  but  four-sided  truncated 
lt}'ramid«;  most  generally,  however,  they 
are  luutid  tapering  cones  trimcated  at 
their  interior  apex,  and  they  arc  seen  of 
this  form  even  under  the  smooth  and  un- 
divided continuous  cornea  spread  over 
the  eyes  of  monoculi.  We  fbua  observe  a 
gradual  dcvelojjment,  and  a  constancy  of 
character  in  the  structure  of  the  eye, 
throughout  the  series  of  articaUrted  daw* 
es,  which,  of  all  the  invertebrata,  'most 
required  these  organs  from  their  great 
powers  of  locomotion.  And  from  their 
general  want  of  muscular  apparatus  to 
move  these  organs  in  all  directions,  and 
to  adapt  them  to  different  distances,  we 
observe  them  amply  provitedwith  a  repe* 
tition  of  the  same  si  in  pie  structures  placed 
in  all  directions,  and  adapted  permanently 
to  all  required  dbtanoci* 
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The  brgann  of  \-ision  are  kss  generally  iris  fis  well  as  a  choroid  eoat  and  leas 
developed  in  tk»  moliuscous  thau  in  tke  were  observed  and  described  by  Stlebel, 
ttitfeidated  daiMf,  wlilcli  oorreapooda '  and  MvUer  dbeenred  nearly  the  «hw. 

with  their  comparatively  liniited  powers  structure  lu  the  eyes  of  the  m?//'^,?  fritonit 
of  locoiuotion.    The  tunicated  anitua^, ,  (jFVf.  1^3),  where  they  ase  placed  in  thel]^ 


like  the  cuTh<^ds  and  notk  of  tihe 
cutoioa,  fised  aiid  baried  in  aa  opaque 

covering,  neither  jwssess  nor  require  eyes, 
and  the  same  is  the  case  witli  nemiy  all 
the  emek^^era.  In  the  free-inovingpec/«ii« 
however,  which  swim  rapidly  by  the  flap- 
ping of  their  valves,  we  perceive  at  the 
bMM  of  the  ttntarwla  developed  aramid 
the  margins  of  the  mantle,  distinct, 
isolated,  minute,  shining,  round  eyes, 
which  present  an  opaque  and  dining 
choroid  embnctog  a  small  lens,  and 
probably  in  many  other  highly  locomotive 
conchifera.  These  minute  shining  black 
opaque  vieoal  oi^gana  ci  the  dams  occupy 
a  situation  exactly  such  as  one  would  expect 
in  Bwii»Mning'wnchii."erous  animals. — in  the 
port  moot  escpoaed  to  receive  imfHreitioiu 
from  without,  and  on  the  most  highly  or- 
ganized and  delicate  pait  of  the  sensible 


most  common  situation  at  the  outer  part 
of  tbehoeeof  Hieteateeida.  Thedelioite 

skin  of  the  tentaculum  formed  a  thin 
transparent  cornea  over  each  ejri^  aad 
left  a  dSatinet  anterior  chamber  ftr  tiho 
aqueous  humour  in  front  of  the  MRi&  TkB 
black  circular  iris,  continued  from  the 
choroid  coat,  presents  here  a  large  round 
pnp&l  directed  obliqiieljr  ontwatrie  from 
_  the  base  of  the  tentaculum,  and  the 

mantle.  They  are  placed  at  the  bases  of  interior  of  the  cavity  focmed  by  the  black 
m  tMUaoQh^  which  is  likewise   the  choroid  it  ffiled  nrllli  the  Smi  truieparcMt 

substance  of  the  large  crysitalline  lens,  of 


a  round  leu  m  and  amber  oolouxed.  The 
optic  nerve  {F^.  15:^),  which  enter*  the 
eydtaU  obliquely  on  the  outside  of  the 


common  pojitiw  oC  the  ^y«>  «C  the  gM- 

teropods. 

In  the  gasterexHKlom  mollusca  we  ob- 
'wtvc  that  the  naked  hermaphrodites,  such 

as  the  doris,  the  scyllsea,  the  eolia,  and  !  axis,  comes  off  as  a  branch  9i  the 
many  others,  are  generally  destitute  of  nerve  of  the  tentaculum. 
of  viiloBt    In  eoQMv  lio^wvor, 

The  structure  of  the  organs  of  vision  of 
the  pteropods,  generally  two  in  number,  is 
almost  unknowi^  httt  in  4he  eiaaeafee* 
phalopodt  they  present  the  greatest  size 
and  the  BMMt  coinplex  structure  wbidi 
they  have  itjilnnff  among  die  iniwrhB- 
brated  animale.  As  in  many  of  the  gas- 
teropods,  and  again  in  many  of  the  higher 
cartilaginous  fisnes,  the  eyes  of  the  cepha^ 
lopods  are  sometimes  pedunculated,  as  in 
the  natitilus,  and  in  some  of  the  naked 
species.  They  are  generaUy,  fi-ciu  the 
Vint  of  aqueous  humour,  4ittoned  he 
front  like  the  eyes  of  fishes,  and  of  great 
magnitude  from  the  size  of  the  optic  gaa> 
gUon  and  the  ghuwhiler  nmiseo  oontainod 
within  the  eyeball  and  behind  the  choroid 
and  the  retina,  as  you  observe  in  this 
section  of  the  eye  of  the  oetopu*  vuigariM 
{Fiij.  154) .  But  a  small  {Mut  of  Ail  greiift 
eyeball  is  occupied  with  the  proper  in- 
strument of  vision,  and  it  is  ajymost  ae 
motionless  as  that  of  an  aplyeia  or  a 
murex.  A  fold  of  the  skin  here  forms  eye- 
lids, which,  like  the  iris,  are  stiU  almost 
motionlefle.  Hie  dliary  procesaet 
remarkable  for  their  great  development, 
and  the  lens  for  its  double  structure  and 
its  great  convcxit>.  J'he  vitreous  hu* 
mour  enclosed  in  its  hyaloid  nemhrane 
if  of  tt..thia.iiittd  nQMiikaffB  ud  jBl^r 


prgane 

which  are  naked,  as  the  aplysia  and  the 
slugs,  we  perceive  distinct  and  oompli^ted 
organs  for  this  AtteHon.  In  the  teeticoovs 
gasteropods  the  eyes  are  generally  placed 
at  the  base  of  each  of  the  tentacula. 
They  are  sometimes  placed  upon  the 
general  smooth  surfece  of  this  part  of  the 
neck,  as  in  aplyria.  At  other  times,  as  in 
the  buccinum  and  the  patella,  you  i^erceive 
those  eyes  to  be  raised  slightly  from  the 
general  surface  by  a  small  peduncle  ;  but 
in  the  haliotis  those  peduncles  are  length- 
ened to  a  oensideraUe  extent;  and  In  ^e 
snail  they  arc  of  great  length,  extending 
the  whole  length  of  the  tentmsula  them- 
selves. 

Th^se  organs  of  Tision  occurring  thus 
•aepanftdy»  are  so  large  that  they  are 

now  more  capable  of  being  satisfac- 
.torily  anatomized  with  the  did  of  a 
Jens;  and  Swammcrdam  long  since  gave 
a  minute  account  of  the  eye  of  the  coni- 
.mun  snail, 'the  helLv  poimiia.   He  found 
it  to  possess  a  distinct  external  cornea  and 
aqueous  humour.    It  has  a  small  crystal- 
line lens  enclosed  in  a  distinct  capsule,  a 
.^'itreonsbunonr  behind  the  lens,  and  an 
envelojping  dicrdd  cont  wiA  pigment 
lining  it. 

.  In  the  cyclottomsm  vini^anm fk  diltoBt 
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coloui',  and  the  pijnneat  of  the  choroid 
is  remai-kably  soft  and  loose  in  its 
recent  state.  In  the  loligo  there  is  a 
small  liole  on  the  surface  leading  to  the 
glandular  cavity  of  the  eye  like  a  lachry- 
mal pore.  Thus  isolated  charaeter  of 
tlic  cyt!  contimics  through  the  molluscous 
classes,  aud  its  general  plan  of  develop- 
ment fat  diis  divisioa  leads  its  structure  to 
a  higher  grade  of  complcxncss,  and  to  a 
closer  approximation  to  the  form  of  that 
organ  in  the  vertebrated  classes  than  vvc 
observed  in  the  highest  of  the  articulata. 
And  througliout  these  invcrtebratcd  classes 
we  uniforuiiy  observe  the  same  free  trans- 
niissioa  of  fight  tbroufl^  tiie  transparent 
optical  instrument  to  the  opUcaerveb  as  in 
the  vertebrata. 

The  eyes  of  the  fithet  are  organized  to 
receive  the  rays  of  light  through  the  dark 
and  dense  medium  of  theumter.  We  have 
seen  that  those  animals  possess  but  a  very 
small  derelopment  of  their  great  nen^ous 
centres,  and  Ihef  are  so  sitoate  as  to  re- 
ceive very  imi)crfect  visual  impressions, 
partlcalarly  the  predaceous  fishes  at  the 
DQltoia  of  the  dark  and  tm^Mdeep,  there- 
fore it  is  that  they  have  la^  eyeballs, 
that  they  may  receive  a  large  quantity  of 
light  in  order  to  affect  them  sensibly  with 
impressions  of  tbis  kind.  Thus  the  eye  of 
a  cod-fish  is  many  times  the  size  of  the 
eye  of  a  quadruped  of  the  same  bulk  ^  and 
thns  ft  Is  Hiait  ^  nMgnitade  ei  the  organ 
placed  on  the  anterior  part  of  those  sensi- 
tive nerves,  compensates  for  the  imperfect 
development  of  the  great  centres  of  con- 
sciousness or  of  reiMenoe  for  tfaoio  im- 


_  y^^-, —  have  the  eye  organized  to  re- 
ceive the  impreasioas  of  light  through  the 
dense  asedittm  they  inhabit.  What  vae 
oo«kl      hBV%  ttwatee^M  an  nmoiM 


f  humour?  The  water  through  whieb  th* 

[rays  come  is  as  dense  as  that  humour; 
therefore  they  have  the  anterior  part  of 
the  eye  flat,  from  the  deficiency  in  tihe 
aqueous  lunnour,  of  which,  however,  there 
is  just  as  much  present  as  is  calculated  to 
keep  the  iris  Irom  oniting  to  the  chormd, 
or  the  lens  behind  to  the  uvea.  Even 
tbe  vitreous  humour  possesses  too  much 
rarety  to  be  an  important  visual  instrument 
in  fishes, — completely  aquatic  aitimals; 
therefore  it  is  that  the  whole  stress  of 
converging  the  rays  of  light  into  a  small 
focus  is  left  to  their  crystalline  lena.  The 
crystalline  lens  in  a  fish  is,  therefore,  pro- 
portionally of  groat  sixe;  it  if  nearly  ^he- 
rical ;  It  IS  dense  In  fts  teaetwe  mm  Itr 
centre  to  nearly  the  circumfei'enoe.   It  is 
a  highly  complicated  oi^n :  it  consists  of 
concentric  layers  of  fibres,  which  layers  of 
fibres,  perfectly  transparent  and  colouHew, 
in  the  recent  state,  are  quite  invisible  un* 
til  artificial  means  are  emplc^d  to  render- 
them  opaque  end  dlstanct.  XIhm  It  is  tihe^ 
you  can  peel  off  the  successive  layers  of 
those  fibres  from  the  condensed  crystaUine 
lens  of  the  Ash,  ^rhen  you  have  hardened 
those  concentric  layers  of  fibres  by  the 
action  of  spirit,  hot  water,  or  other  means. 
The  remarkable  forms  of  the  separate 
fibres  are  then  also  more  eaailgr  perceived^ 
and  their  modes  of  uniting  together  by 
their  serrated  edges.  This  structure  of  the., 
crystalline  lens  la  aeen  In  all  enlnale  wfelA 
{Kjsscss  that  organ,  up  to  man  himself. 
Zoological  characters  might  even  be  obtain- . 
ed  from  the  disposition  of  the  fibRma  layers, 
and  the  forms  <^  the  ultimate  fibres  com- 

Sosing  the  crystalline  lens.    The  crystal- 
ne  lens,  then,  is  not  like  a  piece  o(  glassy 
homogeneous  throughout;  but  is  a  moat; 
complex  and  perfect  optical  instrument  for 
acting  upon  the  ra^s  of  light,  and  bending, 
them  saddenlf  end  nnlfonnly  en^  vlthen*> 
decomposition,  to  a  focus  anterior  to  Uie 
surface  of  the  retina,  on  which  the  in- 
verted image  is  th«t  thmsm.  Thviitli, 
then,  that  we  find  the  longitudinal  axis  of 
the  eye  in  fishes  to  be  occupied,  in  a  great 
part  of  its  length,  with  the  diameter  of  the 
lens  itsdf,  the  diameter  of  that  part  ei»n 
reeding,  in  most  fishes,  the  diameter  of  the 
aqueous  aud  the  vitreous  humours  taken 
together.  Of  »o  little  use  are  those  moiet 
attenuateil  fluids  in  the  eyes  of  fishes,  that 
tbe  retina  is  generally  pushed  still  further, 
forwards  towerdi  Hm  orystalUne  lens  hf 
the  choroid  gland,  aud  other  parts  placed 
within  the  sclerotic  ooat,  and  within  the. 
outer  silvery  layer  of  the  choroid,  at  the. 
back  part  of  the  eye.  Ibe  sclerotic  coat 
is  thick  behind,  to  prevent  sphericity  of 
the  eye  from  the  equal  pressure  of  the  con-, 
talaed  hmMvie.  The  choroid  and  the  re»l 
tina  U9  h«N  xemtM^  for  the  jdistiafiter 
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new  of  tlie  coats  of  wUcli  they  are  com- 
posed. The  optic  nerves  sometimes  have 
their  fibres  decussating  and  blendint^  with 
each  other;  sometimes  they  bimpiy  lie 
across  each  other;  and  sometimes  the  one 
pas8C3  thronprh  u  hn\o  of  the  opposite 
nerve.  The  cUiary  processes  are  still  most 
ft'eqnentlyddlcleiit*  The  pupil  is  large,  and 
the  iris  almost  motionless.  Th  e  outer  layer 
of  the  choroid  passes,  shiniugwithits metal- 
lic lustre,  over  the  iris,  and  the  dark  inner 
layer  lines  the  uvea.  This  inner  layer 
fbrms  a  kind  of  pecten  passing  obliquely 
forwards  to  the  lens,  but  without  the  i)ig- 
nentiwliicli  covers  it  In  birds. 

The  rvrs  of  amphibia  are  intermediate 
in  theii'  outward  form  and  in  their  inte- 
rior ttmctnre,  between  those  of  the  fishes 
that  live  coiistantly  iu  the  water  and  those 
of  the  true  air-breathing  reptiles  that  live 
on  the  dry  land,  and  receive  the  rays  of 
light  throogh  the  thin  medium  of  the  at- 
mosphere. Those  amphibious  animals 
liave,  therefore,  the  eyes  of  great  magni- 
tude, niey  are  oomparatively  flat  upon 
the  fnrr  part,  from  the  small  quantity  of 
aqueous  humour  tbcy  yet  contain.  They 
exhibit  a  cryatalllne  lens  of  oonslder&blc 
thickness  in  itji  diameter,  in  the  direction 
of  the  axis  of  the  eye.  From  the  imper- 
fection of  the  orbit  in  the  amphibious  ani- 
mals in  the  lower  part,  we  i>eroeiTe  them 
capable  of  moving  the  eye  downww^  in  n 
remarkable  manner,  when  it  is  touched  or 
irritated.  They  have,  like  most  of  the 
aquatic  animals,  a  very  imperfect  develop- 
ment of  the  lachrymal  glands.  In  the 
ampbibions  animals  we  observe  the  upper 
and  the  lower  eyelids  distinctly  developed  ; 
the  lower  eyelid  is,  in  most  of  the  animals 
below  quadrupeds,  the  more  moveahle  of 
the  two.  The  amphibious  animals  have 
also  the  membrana  nictitanif,  which  the}- 
carry  with  rapidity  over  the  surface  of  the 
eye. 

Thcmost  remarkable  structurci  perhaps, 
in  the  eyes  of  n9iMlB»,andby  which  they  are 

closely  appronchcd  to  those  of  birds,  is  the 
occurrence  of  a  circle  of  imbricated  bones 
«nmnd  the  transparent  cornea,  which  is 
seen  in  many  of  the  chelonian  reptiles. 
We  observe  it  al8o  in  the  iVujina,  and  in 
many  others  oi  the  saurian  n  piiles.  What 
is  remarlokble  it,  that  some  of  those  gigan- 
tic saurian  reptiles  which  formerly  inha- 
bited our  seas,  have  maiiifested  the  same 
isivcle  of  bones  around  the  transparent 
cornea.  That  is  beautifully  soon  in  ttif  se 
preserved  remains  of  that  gigantic  aquatic 
reptUe,  the  Ichthyosanms.  Aronnd  the 
circumfercnrT  of  the  transparent  I  coinea 
in  this  enormous  eye,  we  observe  tlistinct- 
ly  radiating  lines  in  these  fossil  remains, 
wMidi  iHdicato  the  limita  of  tbe  teveral 


Imbricated  plates  that  snrrotnokded  the 

transparent  cornea ;  so  that  they  in  this 
respect  resembled  many  of  the  existing 
saui  iau  reptiles,  particularly  those  croco- 
dilian reptiles  wbieh,  like  tbe  ichthyosau- 
rus,  have  an  aquatic  or  semi-aquatic  life. 
The  ciliary  processes  are  also  lai'ge  in  these 
crocodiles. 

We  observe  that  the  epidermis  passes 
over  the  surikce  of  the  cornea,  and  over 
the  eyeball  in  serpents;  that  it  is  cut 
from  that  part  along  with  the  epidermis, 
which  is  thrown  off  in  a  piece  from  the 
surface  of  the  whole  body.  From  the  very 
imperfect  development  of  the  eyelids  in 
those  animals,  they  were  once  errone- 
ously thought  to  be  destitute  of  the  lachry- 
mal apparatus.  In  the  saurian  reptiles 
^vc  observe  distinctly  (levrlnjicrl  tho  upper 
aud  lower  eyelids,  and  the  mcmbraiia  nic- 
titans.  Even  in  that  small  tribe  of  ser- 
pents COin|»ehending  the  anrjvis  and  a  few 
other  genera,  the  three  eyelids  are  de- 
veloped as  in  the  bauriau  reptiles,  which 
indicates  a  very  close  affinity  between 
those  ophidian  reptiles  and  the  saurian. 

In  the  chelonian  reptiles  we  observe  a 
considerable  affinity  in  thestructuro  of  tbe 
eye  with  that  of  birds.  Tlicy  receive  the 
rays  of  light,  particularly  the  land  species, 
through  the  medium  of  the  atmosphere. 
We  observe  that  their  cornea  is,  thereforct, 
jirominent,  that  the  quantity  of  the  aque- 
ous humour  is  considerable ;  and  in  order 
to  preserve  that  convexity  of  tbe  trans- 
parent  cornea,  their  eye  must  he  provided 
on  its  peripheral  surface  with  some  solid 
parts  to  prevent  tbe  pressure  of  tbe  fluids 
within  giviiK^  it  a  spherical  form,  and 
therefore  they  have  a  circle  of  hones 
around  the  cornea.  We  observe  accom- 
panying this  convexity  of  the  transparent 
cornea,  a  thinness  or  short  axis  of  the 
cr}''stalline  lens,  and  a  greater  diameter  of 
the  aqueous  and  of  the  vitreous  hmnonrs. 

The  eyes  of  AiVrf*  manifest  a  lie  inriful 
adaptation  in  all  their  parts  to  the  rare 
medium  through  which  they  are  to  re- 
ceive the  rays  of  light.  The  difference  of 
the  density  of  the  atmosphere  and  the 
aqueous  humoiu*  of  the  eye,  renders  that 
humour's  refractive  power  nearly  snfl&> 
cient  for  all  the  refraction  which  the  rays 
of  light  require  for  the  purpose  of  being 
concentrated  to  form  an  raverted  Image  at 
the  bottom  of  the  eye  in  birds,  aided  by  a 
very  flat  crystalline  lens  and  a  consi- 
derable vitreous  humour.  Thus  they  pre- 
sent the  ojjposite  extreme  in  this  point  of 
the  structure  of  the  eye  to  that  of  ri<ihe«», 
which  receive  the  rays  of  light  through  a 
medium  which  is  as  dense  and  refractive 
of  the  rays  of  light  as  the  nqTiroiis  hu* 
mour  itself.  It  was,  therefore,  need^M 
to  occupy  tbo  eyes  of  fithen  with .  aqueons 
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hiunouv  whiuh  could  not  }i a vc  assisted  the 
cornea  in  rcfncling  tfie  rays  of  ligbt.  But 
in  birds  the  aqueous  humour  on  acconnt  of 
the  difference  of  its  density  compared  with 
^at  of  tbe  atmosphere,  is  anflldent  to  act 
powerfully  on  tlic  ?c  rays,  and  to  hcnd ! 
them  down  to  form  an  inverted  image  at 
the  bottom  of  the  retina.  Thus  it  is  we 
And  fhe  transparent  coi*nca  so  convex  and 
prominent  in  the  class  of  birds.  This 
prominence  of  tbe  cornea  could  not  be 
presenred  were  there  not  here  alto  solid 
apparatus  to  prevent  the  pressure  of  the 
fluids  within  from  expanding  tbe  delicate 
ooata  into  a  spherical  form.  Thus  it 
is,  we  observe,  arouud  their  transpa- 
rent cornea,  partifMilatly  in  the  rnpa- 
cious  birds,  a  series  of  imbricated  urui 
often  lengthened  bones,  which  form  the  i 
eyebnll  into  a  tubular  shape.  This  is  re- 
markable in  the  large-horned  owls.  Thus 
it  is  also  that  we  ilnd>  along  with  this  very 
abundant  a(|Ueoilshumnni  ,  that  the  crys 
taUine  lens  is  s<^  and  flatter  in  birds  than 
in  any  other  animals.  Hence  we  find  so 
large  a  propmrtion  of  the  vitreous  hum  cm 
behind  the  crystalHuc  lens  ;  and  the  whole 
eyeball,  thus  filled  with  those  thin  humours 
which  possess  so  litdc  refractive  power, 
id  of  great  si/e,  corresponding  with  the 
great  magnitude  we  have  seen  in  their 
orbits.  At  the  bottom  of  the  eye  in 
birds,  we  observe  a  continuation  of  tht- 
choreid  coat,  puckered  and  extended  in 
this  double  and  folde<l  form,  forwai*ds 
to  the  margin  of  the  crystalline  len?, 
to  which  it  is  attached.  Thi>  is  the  mar- 
supium  or  pecten  of  birds,  wliich,  by  shoot- 
ing forward  from  the  posterior  ])art  of  the 
eye,  and  thus  continuing  forwards  the 
highly  vascular  layer  of  the  choroid,  was 
thought,  by  innreasfaig  the  surface  for  tbe 
distribution  of  these  bloodvessels,  to  pro- 
vide for  the  raj)id  secretion  of  tbe  vitreous  ' 
humotir  somuch  and  no  quickly  consnnied 
by  the  eirtensive  and  frequent  use  of  this 
orrrnn,  nr.f]  correspondinn:  with  the  high 
development  and  energy  of  the  whole  sys- 
tem, the  high  temperature  of  the  whole 
body,  as  well  with  the  use  which  is 
made  of  this  organ  in  birds.  Some,  from 
observing  that  it  shot  forwards  in  the  cen- 
tte  of  the  eye,  and  that  it  is  covered  with  a 
Wnrk  pigment  over  its  whole  surface,  con- 
ceivx'd,  that  as  birds  soar  aloft  into  the  at- 
mosphere against  the  burning  sun,  ex- 
posed to  the  un«hn'lf  fl  blaze  of  that  bright 
fominary,  they  wouhl  be  deprivetl  of  vision 
were  they  not  provided  with  some  means 
to  absorb  and  destroy  a  quantity  of  the 
light  i  and  that,  therefore,  this  black  mem- 
brane was  thrust  forwards  into  that  part 
where  the  light  was  mo<!«t  powerfully  con- 
centmtrd  by  the  humours  of  tbe  eye. 
Vtow  ot>30rving  it  pass  forw^nls  obliquely 


to  the  margin  of  the  capsule  of  the  lens^ 
some  have  thought  it  was  of  a  contnciQe 

or  muscular  nature;  and  that,  as  we  can- 
not account  for  the  remarkable  adapta- 
tion of  the  eye  of  Urds  so  qnickly  to 

different  distances,  and  those  often  dif- 
ferent to  a  great  extent,  very  likely  this 
marsupiuui  or  pecten  acted  somehow  ujwn 
the  crystalline  lens  so  as  to  affect  its 
form  or  position,  and  adi^it  it  for  vision  at 
those  different  distances,  independently  of 
the  external  muscles  or  other  parts. 

The  mcmbrana  nictitans  is  powerfully 
developed,  of  great  size,  and  moved  by  two 
powerful  muscles,  in  birds ;  where  it  is  a 
highly  important  organ  for  the  defence  of 
tbe  e}*c  agtiinst  light,  and  to  moisten  its 
surface  in  passing  so  rapidly  through  the 
dry  and  heated  strata  of  the  atmosphere. 
Thismembrana  nictitans  is  not  peculiar  to 
birds,  however  ;  Init  is  met  with  in  fishes, 
up  through  many  of  the  mammalia;  and  a 
nirii  ri  lit  r  f  it  wc  pcrceive  In  the  inner 
canthus  ut  the  human  eye. 

As  quadrupeds  receive  the  rays  of  light 
through  very  different  refractive  media,— 
as  tlu  y  fly,  or  walk,  or  swim,  wc  observe 
a  coufeidcrable  dillerence  in  the  structure 
of  their  eye,  with  relation  to  the  difference 
of  the  density  of  these  media.  In  ceta- 
ceous animals,  which  receive  the  rays  of 
light  like  fishes  through  the  water,  we 
observe  the  eyes  to  be  flat  on  the  fore 
part,  to  have  a  comparatively  small  quan- 
tity of  aqueous  humour,  to  have  the  crys- 
talline lens  of  greater  diameter  firom  be* 
fore  backwards,  and  to  have  a  compara- 
tively small  quantity  of  the  vitreous  hu- 
mour. In  order  to  ]>rDsen*e  the  flatness 
of  the  anterior  part  of  tbe  eye  in  cotacea, 
they  have  not  that  circle  of  bones  placed 
around  the  transparent  cornea  which  we 
see  in  many  reptiles  and  in  bird«,  but  they 
hn\  e  the  sclerotic,  at  its  back  part  e?pe- 
cially,  of  great  thickness,  firmness,  and 
elasticity,  by  which  the  fluids  within  are 
prevented  from  pressing  the  ball  of  the 
eye  into  a  spherical  form,  so  that  this  dis- 
position of  the  sclerotic  answers  the  same 
purpose  in  the  retaeca  for  keeping  the 
cornea  fla^' that  the  osseous  plates  serve 
in  birds  to  keep  the  cornea  convex.  In 
both  cases  the  sclerotic  is  modified  in  its 
']on?»itj%  sn  as  to  ]»revent  the  pressure  of 
the  fluids  from  rendering  the  eye  sphe- 
rical. 

Thus  then  we  observe,  in  comparing  the 
magnitude  of  the  eyeballs,  that  the  or- 
gans of  vision  in  the  cetaceous  mammalfa 

are  remarkably  small  when  compared 
with  those  of  Hshcs.  The  eyeball  is  hero 
comparatively  small,  because  the  ceta* 
ceons  animals  are  in  a  very  different  con» 
dition  from  that  of  fishes  iu  the  develop- 
ment of  their  great  nervous  centres.  Tbe 
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l^emispkeres  of  the  brain  are  here  largely 
developed,  and  occupy  the  whole  cavitv 
of  the  skull.  ThuH  it  is  that  we  find  both 
in  the  eyes  and  in  the  other  organs  of  the 
sensea,  that  they  are  developed  in  the  in* 
verse  ratio  nf  :!)e  development  of  those 
^reat  centres  of  the  nervous  system.  The 
organs  of  the  senses  are  large  in  most  of 
the  inferior  vertebrated  animals,  because 
the  great  centres  of  ( ons(  lonsness  and 
perception  aie  comparativ  L  iy  ^siuall. 

Now  there  are  intermediate  forms  of 
the  eyes  in  mammalia  betwixt  those  of 
cetacea  and  those  of  bats,  which  so  closely 
approach  to  the  prominent  form  of  the 
eyeball  in  bird'^;  for  we  find  that  the  seals 
for  instance,  the  walruses,  the  beavers, 
and  otters,  arc  more  or  less  impelled  to 
pass  a  considerable  part  of  their  life  in  an 

aquatic  medium,  through  which  they  are  j  nieroui  bloodve>8«'ls  spread  over  !t><  sur- 
to  receive  the  rays  of  light  in  puri»uiiig ,  face.  The  eyes  of  quadrumaua  sunk  of 
iheir  prey.  The  seals  pursue  their  prey,  |  man  are  directed  forwards  to  the  same 
like  the  dolphins,  under  the  surface  of  the  puhit,  with  their  axes  more  nearly  paral- 


ing  on  the  pasture,  or  while  pursued  by 
their  fcL  s.  CarnifORMis  mammalia  exhi* 
bit  also  frequently  a  want  of  the  circular 
form  of  the  pupil :  it  appears  frequently 
compressed,  ana  leagthca»ed  ^pertieaUy,  or 
from  above  downwards.  This  is  tlic  j)nsi- 
tiou  iu  which  it  is  most  advantegeouif  for 
thera  to  have  it  for  extensive  vision. 
Springing  from  a  height,  or  from  a  low 
situation,  upon  their  prey,  or  cUiiibing, 
they  require  chiedy  to  see  upwards  and 
downwards.  Some  of  the  iM-gest  quadru- 
peds have  very  small  eye?,  as  the  wbalCf 
the  elephant,  and  the  rhiaoceros. 

The  shining  of  the  tapetum  of  the  eye 
from  tlie  want  of  ])ignient,  we  perceive  to 
be  rexnarkabie  in  many  of  the  nocturnal 
predacoous  quadrupeds,  pro<lucing  that 
shining  and  red  appearance  from  the 


water,  and  they  liavc  the  eye  interme- 
diate in  Ibrm  and  structiut»  between  that 

of  the  dolphins  and  that  of  the  ordinary 

land  mannnalia.  From  the  frequent  tem- 
poraiy  residence   of  those  amphibious 

mammalia  upon  hxnd,  they  require  the  i  dii'ected  forwards,  to  receive  as 
eye  to  have  this  iiiiiTuicdiatc  cliaracter,  ^  impression  as  possible  from  the  scanty  rays 
for  tliey  come  to  the  shore  to  rear  their  { reflected  from  outward  objects  in  Uie  twi* 
young,  and  to  suckle  them  in  caves  on  j  light  or  in  the  night,  it  is  in  man,  horn* 


lei,  so  tliat  their  visual  perceptions  are 
more  disthict  and  more  ioflnentiai  in  tlie 

mind.    The  nocturnal  lemurs,— liice  tte 

owls,  tl)0!r  conijianions  of  th.Q  ninht, — have 
theil'  laigc  c'\  c  baiiii,  and  tiieir  large  pupils. 


the  sea  shore;  they  come  to  bask  in  the 
Sim  upon  the  rocks  in  the  summer  season. 

From  this  semi-aquatic  form  of  the  eye- 
ball we  pass  to  that  of  the  luu!  mammife- 
rous  animals,  which  are  organized  to  re- 
ceive the  I'ays  of  light  from  the  densest 
and  heaviest  stratum  of  the  atmosphere, 
that  in  contact  witli  the  surface  of  the 
earth.  In  the  ruminating  and  carnivorous 
qnatlrupeds  we  oinerve  a  difference  in  the 
disposition  of  some  parts  of  the  eye.  We 
observe  tiie  large  eyeballs  in  some  of  the 
ruminating  and  hei'bivorous  animals  to 
correspond  with  what  we  have  seen  of  the 
imperfect  development  of  their  great  ner- 
vous centres.  Tlie  smaller  size  and  higher 
development  of  that  organ  in  the  camivo> 
rous  quadrupeds  coircp])ond  with  the 
high  development  of  the  hemispheres  of 
their  brain.  We  observe,  that  in  many  of 
those  ruminating  quadrupeds  where  the 
head  is  inclined  downwards  to  feed  npnn 
the  graiis  or  vegetables,  they  have  the  pu- 
pil of  the  eye  lengthened  in  a  transverse 
direction,  which  c:!ves  them  a  considerable 
extent  of  vision  backwaids,  forwards,  and 
inwards:  thus  they  are  enabled,  by  the 
lateral  position  of  their  large  prominent 
eyes,  which  oie  so  remaikable  iu  those 
herbivorous  quadrupeds,  to  perceive  every- 
thing around  them;  so  that  they  are  made 
aware  of  the  approach  of  dano;er  froTu  lic- 


ever,  that  we  find  all  the  internal  essential 
parts,  and  all  the  external  accessary  appa- 
ratus, of  these  complex  optical  instni- 
ments,  the  most  exquisitely  finished  and 
adjusted;  and  it  is  chiefly  tlirongh  their 
perfection  that  he  perceives  and  enjoys 
the  sublime  apectacle  of  nature. 
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As  soon  as  a  child  presents  any  of  the 
preuionjioiy  symptoms  (before  descrtl>edj 
characteristic  of  ini pending  hydrocephaine 
minute  incpiiry  sliould  he  inKTittit«  to  de- 
termine, ii  possible,  the  cuinte  wiiich  may 
have  given  rise  to  the  distttrlMace  of  Hs 
hcaUb  'Vh  most ohstinateattacksassuredly 
are  referable  tojamily  predinpoyifkm,  the 
influence  of  which  upon  cerebral  disease 
was  particularly  alluded  to  in  a  former 
paper.    On  this  subject,  suffice  it,  there« 


l)in^  1^8  well     Uoiu  before,  while  griu-^tore;  further  to  rewai'k,  that  Dr.  Uader* 
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LECTURE  XL. 

ON  THE  ORGANS  OF  HEARING*  SMELL, 
TASTE,  AND  TOUCH. 

TiTE  organs  of  hearing,  smell,  taste,  and 
touch,  like  those  of  vision,  are  designed  to 
convey  to  animals  a  knowledge  of  such  of 
^  properties  of  flurroimding  objects  as 
are  related  to  their  oxlstonce  or  their 
well-being,  and  such  propcrticji  alone  arc 
they  capi^»l0  of  perceiving  or  of  compre- 
hending. The  percussions  given  by  out- 
ward objects  to  the  air  or  water  in  which 
animals  redde  ere  oommtmicatod,  like  the 
undulations  of  light,  to  the  general  sur- 
face of  their  body,  and  may  produce  some 
feeble  sensation,  where  there  are  yet  uu 
diatinct  aooiutio  inetnimcnts  developed,  | 
as  light  njipears  to  affect  animals  without 
eyes.  And  this  accords  with  a  remark 
often  nwde  on  sea  coasts,  tliat  tlie  inces- 
sant noise  resulting  from  the  extension 
of  steam  navigation,  materially  affects 
the  distribution  of  the  lower  marine  iu- 
▼ertebratawliere  no  distinct  organs  of  hcar- 
ii^  are  known  to  exist,  and  banishes  them 
Ikotu  their  wonted  habitations.  But  most 
o^  the  higlier  classes  of  animab  present,  at 
the  extremities  of  distinct  auditory  nerves, 
acoustic  instrunienta  adapted  to  concen- 
trate sonorous  uudulatiou;),  and  to  itiaUcr 


No. 


more  distinct  Hie  perception  of  tiieir  fbrc^ 

their  direction,  or  their  rapidity  of  succes- 
sion. The  organs  of  hoarinpj,  like  those  of 
sight,  have  a  distinct  pair  oi  nerves  appro* 
priated  to  their  fimction,  besides  tfie  accea* 
sory  nerves  with  which  they  are  accom- 
panied, as  lathe  other  organs  of  the  senses, 
and  the  impressions  of  sound  majr  be  com* 
rnunicatedto  these  ai;oustlc  ner\  es, without 
their  passing  through  the  ordinary  exter- 
nal apparatus  of  these  organs,  as  through 
the  solid  parietes  of  the  iMad,  or  by  direct 
impressions  on  the  nerves  from  within. 

In  tracing  the  forms  and  the  develop* 
ment  of  tills  aocastic  apparatus  throughout 
the  animal  kingdom,  ^  c  observe  the  same 
beautiful  gradations  of  complexness  and 
elaboration  that  we  perceive  in  the  organ 
of  vision.  It  is  an  organ  which  communi- 
cates less  important  impressions  than  that 
of  sight,  and  is  comparatively  limited  in  its 
distribution  in  the  animal  kingdom.  The 
sensations  that  are  most  general  in  aniniala 
are  those  of.  touch  derived  through  the 
sldn ;  those  are  the  most  important  to 
their  protection  and  well-being,  and  they 
are  the  sensations  ^ve  fitid  most  univer- 
sally manifested  from  the  lowest  to  tho 
most  perfect  animals.  Indeed  all  the 
other  senses  are  but  moclifi cations  of  this 
roost  general  sense  of  touch,  and  their  or- 
gans may  be  considered  as  hot  appendages 
of  tilc  skin,  like  the  teeth  so  firmly  im« 
planted  in  their  osseous  alveoli. 

The  organ  of  hearing  is  more  related  to 
the  air  than  to  the  water,  and  is  most  deve- 
loped in  air-breathing  classes.  The  per- 
cussioiis  of  the  dense  watery  element,  ui 
which  most  of  the  lower  invertebrata  re- 
side, affect  rapidly  and  powerfully  the  whole 
suriiu^e  of  theii'  body,  and  through  that 
the  most  sensitive  internal  parts,  without 
special  acoustic  organs  to  concentrate  the 
undulations  on  pai  ticnlar  nerves,  and  we 
ascend  as  iiigh  a^  the  aii -breathing  in- 
sects, before  we  perceive  a  distinct  organ  • 
appropriated  to  this  sense.  The  ear,  in- 
deed, is  already  more  complicated  in  in-* 
sects  than  in  all  the  other  dasses  of  in* 
vertehrata.  We  observe  n)any  animals  of 
this  class  rripablc  of  emitting  sounds,  and 
liaving  di^uact  hard  iui^Umuentis  for  pro-^ 
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ducing  theie  audible  sounds.  We  per-  more  obvious  the  porition  and  WitnHlCBrf 
ceive  also  that  those  sounds  are  diatinctly :  the  organs  of  hearing  than  If  the  whole 
heard  by  the  mates  of  these  sonorous  in-  exterior  of  the  body  were  covered  with  a 
aects.  Many  insects,  by  their  repeated  more  uniform  and  soft  integument,  and  it 
vibratkms  and  nibbinga  agiintt  «ach  |  is  probalily  In  part  firom  this  circum- 
othcr  of  hard  and  hi p^hly-raoveable  parts  stancr,  that  a  more  simple  rudiment  of 
of  their  body,  produce  a  considerable  these  organs  has  not  hitherto  been  de- 
sound,  which  is  heard  at  some  distance.  |  tected  in  the  befaninllioid  daawa,  wliicb 
You  hear  the  proofed  the  pert^ption  of  {present  the  rudimentary  forms  of  atamoifc 
that  sound,  by  the  repetition  of  it  by  the  |  all  the  complex  organs  of  insects, 
female.  They  know  each  other's  presence  From  the  calciilcd  uoudition  and 
in  Ibe  night  by  these  sounds,  so  that  they '  gr^t  density  and  thickness  of  the  eocfeecior 
can  approach  each  other,  and  the  jn  inci- 1  covering  of  the  hody,  the  organ  of  hearing, 
]^  object  of  their  being— the  continuance  rwith  its  exposed  fenestra,  is  very  obvi- 
of  .tlief r  noe.  It  Ihus  fulfilled ;  and  thia  oos  In  the  cniataosoiis  aimialB,  especially 


communication  of  nocturnal  insects  you 
perceive  is  often  mainly  dependent  on 
their  sense  of  hearing. 

The  organ  of  heanng  in  those  animals 
ailrrndy  presents  not  only  a  distinct  audi- 


in  the  quick-swimming,  long-tailc  cl,  asta- 
coid  species,  formiug  a  circular  aperture 
at  the  base  of  the  outer  pair  of  anteims, 
whiidiis  covered  in  them  by  a  soft  mem- 
brane ;  but  this  membrane  in  the  heavy. 


tory  nerve  and  vestibule,  the  first  elements  slow,  short-tailed  crabs  is  distinctly  os» 
of  alltheaceiiatic  apparatus,  Irat  sd80llie|sified.   Here  In  Ijhe  cray-flsh  and  the 

rudiments  of  tv.  o    nf  the  semicircular  j  lobster  you  perceive  the  vestibular  open* 


canals,  as  was  long  since  shown  by  Cam- 
VARSTTi  in  the  searabcntt,  and  several 
other  genera  of  insects.  At  the  low  er  and 
lateral  part  of  the  head  there  is  a  minute 
round  passage  closed  externally  by  a 
Snemhiwi^  and  leading  on  each  dde  of 
the  head  to  an  internal  ycstihnlnr  sac, 
iKrith  two  smaU  curved  canals  extending 
Jitvui  it*  Thase  are  flinilahed  with  dis- 
tinct  nervous  filaments,  and  constitute  an 
ftcoustic  organ  common  to  many  different 
forma  of  insects.  They  are  placed  more 
anterioily  on  ^e  head  in  the  locusts  where 
the  minute  canals  arc  thin,  membranous, 
imd  transparent,  and  the  organ  presents 
fltlftTent  degrees  of  de  velopweut  in  theva> 
riniii?  spucirs  uf  locusts.  Similar  auditory 
organs  are  seen  in  the  ctcaddf  vegpte,  libel- 
Jsto,  and  at  the  sides  of  the  base  of  the 
long  spiral  proboscis  of  the  papiiionesi 
they  are  percei-^'ed  also  in  ants,  flies,  and 
many  other  insects,  belonging  to  almost 
every  order  G(  that  great  class.  This  tos- 
tibular  sac,  with  its  contained  f^nid  and 
delicate  transparent  cuuds,  confined  en- 
tirety within  uie  cranial  cavity  of  Imecl^, 
is  provided  with  very  distinct  nervona  fOa- 
nents,  and  with  sn  external  opening  ana- 
logous to  the /eticstra  ovalis^  covered  with 
a  thin  membrane  to  receive  the  sonorous 
undulations  of  the  air,  and  to  conveythcm 
to  the  ento-lymph  of  these  membruious 
canals,  and  the  whole  surftee  of  Ihe  aeons- 
tic  ncrvc-^.  Tn  the  arachnida,  which  are 
also  air-breathing  animals  rcsidinr^  in 
atoK  thin  medium,  organ^i  of  iiearing 
very  similar  to  those  of  insects  are  ob- 
served, placed  near  to  the  mouth  at  the 
base  of  palpi.  The  deoaitT  of  the 
exterior  covering  of  ttiese  alr*hre8thing 

entomoid  nnimals,  and  the  softness  of  tlie  I  ciscd'  and  less  required.    This  corE-rcd 

Tes^bular  eztenud  xntmbrane^  render]  conditioa  of  the.  ears  iatlis  short-taM 


rng,  at  the  base  of  the  outer  ■antennse^ 
covered  by  a  distinct  soft,  vihratDe,  tense 
membrane.   Within  this  cavity  you  ob> 

serve  a  white,  soft,  lengthened  sac,  on 
wMoh  is  distributed  a  nervous  filament 
from  the  c^eat  anterior  aapra-oeeophft- 
geal  ganglion.  There  is  yet  no  osseous, 
solid,  or  cretaceous  substance  perceptible 
wltbfai  this  cavity.  It  passes  obliquely 
upwards  into  the  base  or  first  segmect 
of  the  nntonntO  for  a  short  distance. 
Here  tiiere  ai  eiio  perceptible  semicircular 
caaala  or  other  elements  of  the  organ  of 
hearing  yet  developed,  but  only  this  first 
simple  vestibular  sac — the  centitd  element 
of  tbat  important  md  complex  acoustio 
apparatus  to  which  so  many  accessory 
parts  are  added  to  perfect  and  extend  i9 
function  in  higher  classes  of  animals.  The 
exterior  opening  of  this  organ  is  placed 
on  the  lower  suxface  of  the  first  segment 
of  the  antenna^  and  not  upon  the  upper 
part  of  the  head,  as  In  higher  classes ;  and 
this  anomalous  siti::ition  of  the  car  in  tho 
Crustacea  corresponds  with  the  inverted 
posltloflt  seen  in  most  of  ilie  organs  ef 
their  body.  The  mai^ns  of  the  aperture 
are  often  prominent  and  almost  tubular,  as 
in  the jMi^rtft,  where  the  membrane  ap- 
pears fihrOOS  like  tlie  tympanic  roeSII* 
brane  of  mammalia.  The  ossified  con- 
dition of  this  vestibular  covering  in  the 
brachyonrous  decapods,  and  Its  denoate  ^ 
hratile  condition  in  the  active  long-tailci 
swimming:  macruous  species,  corresponds 
with  the  difference  of  locomotive  power 
possessed  by  these  two  fornix  of  decapods^ 
and  with,  the  general  inferiority  of  the 
organs  of  the  senses  in  slow-moving  ani- 
mals, where  liiey  are  obvlon^y  less  e 
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and  concealed  situation  within  the  cranial 
canity  in  the  cephalopodi^  and  i&  tmny  of 
the  osseoua  fishes. 

The  ftnd  or  iloi^iiiovlnir  moIEDtoous 
animals  are  generally  very  imperfectly 
provided  with  organa  of  sense,  but  many 
oftiiepidBMiiuited  gasteropods  appear  to 
hear  and  to  smell,  although  we  cannot 
determine  the  seats  of  these  feelings,  and 
the  tritonim  arboreteetu  emits  audible 
floonds,  which  sn,  no  doubly  infeended  to 
be  heard,  and  to  serve  as  a  means  of  coro- 
mtmication  between  these  blind  herma> 
pbrodlte  amfaiaTw,  altboiigh  we  ceimot 

detcrt  the  organs  a]iprnpriatc(!  to  thrir 
perception.  Tlie  cephalopods  approach  to 
mhee  in  Hie  geneml  complexness  of  their 
internal  structure^  and  la  tbeir  powera  of 
loroTOOtion,  and  we  saw  a  proportionate 
high  development  in  their  most  important 
ttgvns  of  sense,  the  eyes,  wMdi  torpass 
those  of  all  inferiorinvcrtcbrata.  This  is  the 
case  also  with  their  next  important  organs 
of  tense  tbe  eere,  wlileh  possen  a  higher 
development  than  those  of  the  articuUited 
classes,  and  closely  approximate  to  the 
condition  of  these  orgaus  in  fishes.  We 
obiemv  behind  and  on  each  aide  of  the 
^reat  cerebral  gfanglion  in  the^e  animals, 
a  depression  or  cavity  in  the  cephalic  car- 
tilage flmnqih  whidi  the  oraophagus 
parses,  nnrl  which  covers  the  brain, which 
cavity  on  each  side  is  filled  hy  a  mcm- 
bvenons  sac,  surrounded  by  the  exterior 
lymph  of  Cotunnius,  and  containing  an 
ento-lymph  or  thin  interior  fluid,  and  en- 
cIo:>iug  a  solid  chalky  substance  compooed 
flftiie  carbonate  of  Ume,  end  suspended  by 
acrvons  filaments.  The  surface  of  this  sac 
or  membranous  vestibule  has  qaread  upon 
It  filament!  an  anditory  nerve  and  nu- 
mcrous  bloodvessels.  It  is  thus  a  more 
<X)mplex  organ  of  hearing  than  that  which 
"we  see  in  tiie  Crustacea,  by  having  a  solid 
cahsoeoas  enfostance  wititin  the  vesCihttle 
to  roeeive  and  to  communicate  to  the 
acoustic  nerve»  more  distinctly,  more  for- 
cRilf,  etnd  more  modimaly,  the  Tibra^iins 
transmitti  c!  to  this  part  of  the  head.  There 
is  no  external  meatus,  but  the  whole  of 
this  rudimentary  labyrinth  is  enclosed  in 
the  thickest  and  densest  pau-t  of  Hie  great 
cephalic  plate  into  which  the  nun^erous 
strong  muscles  o£  the  arms  are  inserted 
In  the  octopm  vmvMeetm  thit  Teatfbnhn- 
Tionc  is  conical  like  n  limpc-t,  and  of  a 
bi^utiful  rose-red  colour  on  its  tapering 
mfteo^  bat  white  and  hollow  on  the  base 
which  rests  on  the  vestibular  membrane. 
It  in  cmmeeted,  as  in  hig;her  animals,  to  the 
eidc  of  the  vestibule  by  numerous  nervous 
filaments.  The  ento  and  peri-aeooeHe 
lymph  seen  here  in  the  vcstihale,  as  in  the 
■wre  complex  labyrinths  of  higher  ani- 


nab,  irao  ilMnm  loBfrdaeein  beHi  th« 

situations  in  tho  ears  of  the  entemoid  ar* 

tictilata.  Notwithstanding  the  maofnitude 
and  constancy  of  this  organ  in  the  naked 
cephalopods,  and  Its  presenting  the  moal; 
coniplex  form  met  with  in  the  inverte- 
brated  classes,  it  is  yet  reduced  almost  to 
ilafiist  I  udluient  ov  moat  eeaeirtial  etenmift 
—  the  vestilxile  witli  its  acoustic  nerve. 
In  passing  up  through  the  vertebrated 
classes,  we  observe  it  gradually  develop-^ 
ing  the  semicircular  caaola  and  the  coch- 
lea, and  becoming  enveloped  in  the  solid 
parietes  of  the  cranium;  it  acquires  a 
tymp»ale  eavltf  eoonmnloatinf  willi  the 

fanreg  hy  the  enstarhian  tube,  and  cnn." 
taining  the  ossicula  auditos,  which  convey 
the  vibratiBnt  of  Hie  membrana  tympani 
to  the  vestibule  and  the  whole  intemal 
labyrinth  ;  and  in  the  highest  forms  of  the 
organ  a  stUi  more  exterior  meatus  audi- 
torius,  and  complicated  moveatde  caadkB, 
are  added  to  eompletothe  instmmcnt. 

The  fishes,  like  the  cephalopods,  have 
their  lenaatlom  of  sound  oomnnnicated 
by  the  den?c  ^v^^trrY  element  they  inlialiit, 
the  undulations  of  which  strike  forcibly 
their  whole  head  and  their  whole  trunk, 
•o  that  thojr  Mltle  require  any  external 
means  of  concentrating  sonorous  vibra- 
tixna  nor  any  complicated  internal  stmc* 
tore  0i  tbofr  organ  of  bminfp*  In  tbo 
lowest  cyclostome  cartilaginous  fishes— ag 
the  liunpre^s,  the  ear  is  neau^ly  in  the 
same  condition  aain  the  cephalopods,  ooiw 
sisting  of  a  shut  intemal  vestibule  almost 
without  scmicirenlar  canals,  and  without 
internal  calcareous  bodies.  The  two  ves- 
tibules are  lodged  also  in  depraniom  at. 
the  rifles  of  the  cartilapinons  cranium,  and 
separated  from  the  cranial  cavity  by  a 
fbin  membranous  partition,  as  in  the 
highest  of  the  invertebrata.  The  soft  ex- 
pansion of  the  auditory  nerve  lines  the  in- 
terior of  these  two  vestibular  sacs,  which 
bare  no  external  communication  yet  eala 
bllshed  with  the  surface  of  the  skull,  as  we 
&id  in  most  other  fishes,  by  means  of  a 
▼eetfbalor  opening  or  feaeaCra  ovaUs, 
Here,  therefore,  as  in  the  articulated  and 
molluscous  classes,  the  vestiimle  seeoui 
almost  to  form  the  entire  ear. 

But  in  the  higher  osseous  fishes,  we  ob- 
serve, in  addition  to  a  highly-developed 
vestibale,  containing  calcareous  bodies  and 
opening  externally,  large  semicircular  ca- 
nals, with  considcmWcampnlhr  at  their  ter- 
minations. Thoeepartsof  the  organ  <rf1iear- 
ing  are  not  yet  endoeedor  rarrannded  by 
the  solid  bones  of  the  head,  by  the  temporid 
bones,  but  are  placed  entirely  within  the 
general  cavity  of  the  ekull.  There  is  gene- 
rally no  external  fenestra  or  meatus  in  oe* 
mentis  fishes,  anfl  we  obscn^c  that  the  irn- 

pul«e8  gireii  to  the  h  r>d  y  of  the  fith  through 
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the  mctltuTn  of  the  water,  are  conveyed  to 
the  air-bi^,  and  from  tbat  forwardt  to  the 
hue  of  ttie  sknU  Ia  liie  vicinity  of  tiie  ear, 
andiometinies  there  are  minute  bones,  solid 

portions  detached  from  the  transv  erse  pro- 
cesses ol  the  anterior  verteltrie,  appaieiitiy 
v/ith  a  view  to  assist  in  communicating 
those  vibrations  of  the  nir-bapj  to  the  inter- 
nal organ  of  hearing.  But  the  air-bag  u  not 
on  19iu  ftoooant,  any  more  tban  ^o  skull 
itself,  or  the  general  surface  of  the  trunk, 
an  essential  part  of  the  organ  of  hearing ; 
it  is  the  rudiment  of  a  very  different  organ, 
—the  respiratory  lungs  or  belter  dBsses, 
and  the  detached  small  bones  are  the  ordi- 
nary elements  of  the  anterior  vertebrae. 
Tkaa,  tliea,  we  fihuenre,  tint  tiie  impvlfles 
given  to  the  uater  are  conveyed  to  all 
parts  of  the  surfsoe  of  the  body»  and  to 
tlie  iralb  of  the  wUd  iknll,  in  the  eweoro 
fishes,  and  that,  not  through  a  foramen, 
"hut  through  the  solid  bones,  these  sonorous 
inipressions  aie  conveyed  to  the  interior 
of  the  cranium,  which  !•  keve  filled  with 
that  glairy,  gelatinous,  or  fatty  substance, 
the  developed  arachnoid  coat,  and  by  this 
means  to  the  labyrinth  and  the  acoustic 

ner\  es.  Thus  it  is  that  they  require  no 
external  meatus  to  receive  or  to  transmit 
sonorous  imdulations  from  the  dense  ele- 
ment axound  tbem,  to  their  faitemal  or- 
gans of  perception.  As  Ihcy  are  not  inha- 
bitants of  the  air,  they  can  have  no  tym- 
panum nor  eustachian  tube,  which  form 
a  vibratile  drum  for  air-breath in;^  animals, 
to  convey  the  gentler  undulations  of  that 
caaitio  medtiun,  andibrthe  nmeveatont 
they  require  no  eKfeerior  oonchaiiorlenglli- 
ened  meatnf?. 

The  great  bizeof  the  semicircular  canals 
w  ithin  the  cranial  cavity  in  the  osseous 
fishes,  where  they  are  not  yet  embedded 
and  confined  within  the  substance  of  the 
flolid  cranial  bones,  corresponda  with  the 
great  development  which  \ve  sa^^•  exter- 
nally in  the  opercular  or  tympanic  ossi- 
cnla,  which  are  likewise  unrestrained  by 
any  tympanic  membrane  in  their  exten- 
sion outwards.  Although  the  whole  laby- 
rinth in  osseous  fishes  lies  in  an  open 
groove  on  each  side  within  tbe  general 
cavity  of  the  skull,  and  is  connected  only 
by  ligaments  to  its  inner  suriace,  we  find 
tbe  labyrinth  in  tbe  sturgeon  partly  bu- 
ried in  the  cartilaginous  substance  of  the 
temporal  boiK*,  which  envelops  the  three 
stiuicirciiiur  canals,  and  leaves  the  vesti- 
bule still  within  the  cranial  cavity  with  the 
brain;  and  in  the  rays  the  whole  labyrinth 
ia  at  length  completely  surrounded  by  the 
cartili^nout  firm  texture  of  the  temporal 
bone, — a  position  better  adapted  for  re- 
ceiving and  transmitting  the  most  delicate 
sonorous  vibrations,  and  that  position 
wblch  tbe  wbole  intenud  wc  preservoe 


from  these  cartlhiginous  fishes  up  to  man. 
The  cretaceous  substances,  generally  three 
in  number,  Ibttnd  in  the  veetlbiile  and  fn 
its  communicating  sacculi,  are  soft  and 
pulpy  in  the  cartilaginous  fishes,  and  of 
a  deni>e  stony  coususteuce  in  the  osseous 
fishes ;  they  vary  in  abape  according  to  the 
species,  and  form  normal  parts  of  the  or- 
gan in  most  animals,  from  the  cephalopoda 
upwards  trough  the  higher  clawes  of  vcT" 
tclu  tita,  and  they  are  destitute  of  orgnni- 
zation, — like  shells,  which  they  resemble 
in  chemical  composition.  These  sacculi  of 
the  vestibule  appear  to  form  tbe  firit  mdi* 
ment  of  the  cochlea,  and  a  rudiment  of  the 
tympanic  cavity  is  seen  in  the  subcuta* 
neoua  shutpusage  destitute  of  air,  leading 
from  the  surface  of  the  head  to  the  fe- 
nestra ovalis  in  the  highest  cartilaginous 
flsbes.  Tbe  auditory  nerve  comei  off  ae* 
I>arately  in  fishes  from  the  inferior  part  oi 
the  lohed  medulla  ohlong-ata  below  the  ce» 
rebcllurn,  and  sends  brauclies  to  be  distri- 
buted on  the  ampullae  of  thesemiciroiiIarGai* 
nals,  on  the  vestibule,  and  on  the  sacculus 
or  undivided  unconvoltttedrudimentof  the 
cochlea ;  so  that  it«  brandiei  are  moet 
affected  by  vibrations  in  these  two  last 
cavities  by  the  solid  cretaceous  bodies  they 
contain,  and  the  semicircular  canals  are 
the  first  parts  which  become  endosed  fa 
the  substance  of  the  temporal  bone. 

The  lowest  of  the  amphibia  are,  like 
fishes,  inbabitiaitt  of  the  water,  and  are 
still  destitute  of  a  tympanic  cavity  and 
eustachian  tube,  which  are  devekmed  in 
those  species  which  loie  tiidr  f0u  and 
leave  their  original  aquatic  element.  In 
the  perenni-hranohiatc  species,  the  laby- 
rinth is  still  imperfectly  inclosed  ia  a 
spacious  general  cavity  of  the  temporal 
bone,  the  vestibule  commimicatcs  ex- 
ternally by  the  fenestra  ovalis,  to  which 
the  stapes  is  applied  as  in  all  tbe  higher 
classes;  the  semicircular  canals  and  the 
vestibule,  with  its  sacculus  and  cretaceous 
bodies,  arc  formed  like  those  of  fishes  wiUi 
the  sacculus  proportionally  small,  and  the 
muscles  and  integuments  cover  the  ex- 
terior of  the  organ  without  leaving  a 
trace  of  external  meatnas  so  that  tbe 
impressions  from  without  are  ?til!  oh- 
scurely  conveyed,  as  in  fishM,  through 
tbe  solid  walls  of  tbe  cranium.  The 
same  condition  of  these  parts  is  presented 
hy  the  larvae  of  the  caduci-branchiate 
amphibia,  but  in  the  adult  state  of  the 
frogs  and  salamanders  wc  observe  the 
semicircular  canals  already  embedded  in 
the  substance  of  the  temporal  Inme,  wlifle 
the  rest  of  the  labvrinth  is  still  free  ia 
the  original  general  cavity  of  that  bone ; 
the  cretaeeoua  substance  is  a  soft  white 
pulp,  and  a  small  tympanic  cavity,  com- 

mtinicating  with  the  fiuice«  and  ooafining 
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tlie  tlirae  tmall  united  osaleab!;  atellemid  ear  ^Mi  svibratfle  tliell  of  flinty 

between  the  UbjTinth  and  the  surface  of :  hardness.  The  Hemicircular  canals,  bo 
the  skin.  The  thin  skin  forma  here  a 'large  in  fishes,  are  here  reduced  in 
large  memlyrMia  tympani  on  a  level  with  dimensions,  with  enlarged  ampulhe,  the 
the  general  surface  of  the  head,  to  the  |  v^tabnle  ia  lengthened,  and  the  cochlea 
centre  of  which  the  bent  cartilaf^inous  begins  to  assume  the  spiral  form.  This 
malleus  is  attached,  and,  from  the  soft  j  imperfect  cochlea  still  contains  a  rem- 
csandltionof  theoanciilaauditiia,theTibra-|nant  of  tiie  cretaceona  bodies  so  hurga 


tions  of  this  membrane  are  obscurely  con- 
veyed to  the  fenestra  ovalis  to  which  the 
expanded  end  of  the  stapes  is  attached. 


and  numerous  in  the  corresponding  part 
of  the  labyrinth  of  fishes.  The  tympanic 
cavity,  lengthoied  like  the  vestihnle,  baa 


in  the  sern  cnts  the  tympanic  portion  [  here  an  external  meatus  beyond  the  con- 
of  the  ear  is  still  very  imperfectly  deve- :  vex  membrane  to  which  the  outer  end  of 
loped,  and  is  covered  externally  not  only  i  the  anchylosed  tj'mpanic  lioneu  is  attached, 
hy  the  muscles  and  skin,  but  sdso  by  the  and  this  drum  of  the  ear  has  its  dimensions 
scales  of  the  head ;  the  ossicula  are  united  increased  by  the  n  11  merous]  cranial  cells 
as  in  the  frogi,  and  are  still  cartilaginous  1  which  now  communicate  with  its  interior* 
at  tiieir  dtetal  extremity ;  the  semidioidarl  Tlie  short  ortemal  auditory  meatus  re- 
caimls  are  surrounded  by  the  dense  ])etrou8  ;  moves  the  nu:m!irana  tympani  from  the 
portion  of  the  temporal  bone  j  the  vestibule  1  surface  of  the  head,  and  the  exterior  con- 
is  stm  lodged  In  a  capadoos  cavity,  and  its  cha— the  last  part  of  the  organ  to  be  deve- 


sacculus  contains  a  large  and  solid  ere 
taceous  body.  The  tympanic  oavity  is 
much  largei-  in  the  saurian  reptiles,  and  is 
covered  exteroally  by  a  tiiin,  transparent, 


lopedi  begins  to  present  itself  as  a  simple 

creeoentic  fold  of  the  skin  extending  up- 
wards from  the  margin  of  the  external  mea- 
tus. Thism^anentaryoondka,  exterior  to 


convex,  and  naked  membrane,  gcnri  iilly  all  the  complex  apparatus  of  the  labyrinth 
on  a  level  with  the  surface  of  the  head,  and  tympanum,  begins  to  manifest  itself 
■o  as  yet  to  pfresoit  no  external  meatus,  ia  those  birds  which  require  most  to  em- 

This  cavity  communicatea  freely  with  the  ploy  these  organs  of  sense.  Those  noc- 
fauces,  and  by  means  of  the  fenestra  tnrnal  predaceous  birds  which  we  have 
ovalis  with  the  labyrinth,  which  stili  1  beta  to  be  so  remarkable  for  their  large 
presents  a  mdimentaiy  undivided  oocblea  eyeballs  and  their  enormous  pupils  to 
%vith  a  solid  calcareous  substance.    The 'receive  as  much  light  as  possible  in  the 


stapes  continues  to  lie  the  principal  ossi- 
enlnm  osdfled  in  the  tympanum,  and  the 

tympanic  cavity  hegins  to  assume  a 
tubular  form  towards  its  exterior  mem- 
Invne.  The  membrana  tympani  is  still 
covered  in  some  of  the  sauna  by  the 
ordinary  scales  of  the  skin,  in  most  it 
is  (^uite  naked  and  exposed,  and  in  the 
roost  elevated  fornna  of  this  order  it  begins 
to  be  protected  by  marginal  extc  mal  folds 
Ibrming  a  rudimentary  concha,  as  you 


twilight,  have  a  high  crescentic  fold  on  the 
upper  aaid  hack  part  of  tiie  ear,  which  is  tlie 

only  rudiment  of  the  external  concha  yet 
developed  in  this  numerous  and  highly 
organized  class.  It  is  yet,  however,  ex* 
tremelv  imperfect ;  a  simple  membranous 
fold,  the  circumference  of  which  is  in- 
creased in  extent  in  some  of  the  owls  by 
the  feathers  wliicli  radiate  firom  around 
its  free  margin. 
We  thus  arrive  at  the  most  perfect 


observe  tn  the  alligators,  crocodiles,  and  oondittoa  of  thte  complex  and  mysterious 

gavials.    The  internal  parts  are  nearly  in ,  organ  of  sense  in  the  class  mammalia. 


the  same  condition  in  the  chelonian 
reptiles,  which  present  a  more  lengthened 
and  narrow  ^rmpaaic  cavity  covered  ex- 
ternally by  the  common  loose  internments 
of  the  bead  and  communicating  with  the 
fimoas  by  a  wide  eastachten  tube;  ttie 
cochlea  is  also  here  more  distinctly  deve- 
loped than  in  the  lower  orders  of  reptiles, 
tod  is  the  part  of  the  internal  ear  which 
is  the  hut  to  assume  its  aonaal  dbaiaoter 
and  development. 

•  In^  the  highly  dcvcloncd,  hot-bloodod, 
qmdc-moving  feathered  inhabitaiits  of  the 

nttennated  air,  all  the  apparatus  of  this 
complex  acoustic  instrument  are  more 
perfectly  developed .  than  in  the  cold- 
blooded slow-moving  animals  beneath 

them.  The  dense  bones  of  their  solid 
skull  envelop  every  poition  uX  liic  m- 


where  all  its  essential  elements  have 
attained  theu*  full  devcloptnent.  The  pe- 
trous portion  of  tlie  temporal  bone,  of  groat 
density,  embraces  closely  all  the  most 
important  parts,  and  the  membnuious 
oansds,  highly  vascular  and  deUcate,  form 
an  cnto  and  peri-lympb,  thin,  transparent, 
and  colourless.  The  ampullsc  are  often 
small,  and  also  the  irregular  cavity  of .  the 
vestibide  oontaihing  generally  two  small 
cretaceoiis  substances  intimately  con- 
nected \s  ith  the  extremities  of  the  nerves. 
The  cochlea,  which  most  marks  the  in- 
creased development  of  the  whole  organ, 
has  here  assumed  its  mqst  complex  and 
turUnated  and  divided  form*  The  tym- 
panic cavity  communicating  with  the 
fauces  hy  a  lengthened  enstarhian  tube, 
and  bounded  exteiually  by  ii  cuucave  thin 
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fibrous  membrane,  contains  a  aerira  of  j  organ  of  amell  to  be  only  a  depression  ex* 
Itar  OMMi,  wliealitcd  moveMf  vdth  I  cavated  on  fhm  taMor  part  of  the  face, 
Wch  otber,  and  provided  with  distinct '  but  it  docs  not  commnnicatf?  behind  with 
urascles.  The  external  meatus  is  mcrea«eU  the  moutfat  or  the  respiratory  organs,  ot 
In  lengthy  delMed  bf  Mvtaad  an  aoM  lha  kHefior  of  the  body,  we 


•ecretion,  and  is  provided  with  an  ex 
pandcd  concha  variously  developed,  nnd 


already,  that  the  olfactory  nerves  of  fiahes, 
provided  with  their  large  oUactory  tuber* 


destined  to  collect  the  sonorous  vibrations  i  cies,  and  arising  from  the  rudimentary  ha* 
and  direct  them  tdflw liitOTiial«rs»ii.  This  tah/t^mm^  pcdbrate  the  part  of  the  skiiQ 
last  developed  cxtcrrtnl  acceseorr  part,  the  corresponding  with  the  cribriform  plate 
eoncha,  is  still  often  small  or  wanting  in  of  the  ethmoid  bone.  Utey  then  apr^ 
Ihe  iaaMof  imtimmliBj  eepeciaUy  In  the  upon  numom  danly  aippliad  hmbm, 
aquatic  species.   l!lie  cetncca  have  only  a  :  covered  with  a  very  cxtenaiva  nincoas 


email  winding  perforation  leading  from  the 
membrana  tympaui  to  the  surface  of  the 
iMad,  and  often  scarcely  to  be  perceired 
upon  the  surface  of  the  skin.  In  Mais 
and  -walruses  we  still  perceive  the  im- 
toerftet  dawtoinaeiit  of  the  eoMeha,  and 


membrane,  and  these  numeroaa  folds  of 
the  pituitaxy  membrane  are  more  or  lest 
exposed  upon  the  na£ace  of  the  head. 
A  fold  of  the  integuments,  however,  sup- 
ported by  a  plate  (d  cartilage,  often  hangs 
ovw  the  nlddie  of  iMa  open,  oaivilf*  dlftt* 


in  beavers  and  otters  and  most  of  the  in g;  its  entrance  partly  into  t^'O,  as  yon 


divine  animals  we  still  observe  titis  ex 
Umau  part  but  inperfectly  developed. 
As  we  asciHkd,  however,  through  those 
tribes  of  manamalia  that  live  more  ex- 
clusively upon  the  luid,  we  observe  the 
IwmPha  noQuirlBg  graalw  vagnitadc  and 
aymmetry,  nnd  the  means  of  varied  and 
extensive  motion.  It  is  most  developed 
ill  nagnitade  la  the  ftnUer  harbivoieas 
quadrupeds  where  tlie  cerebral  centres  are 
Email,  and  least  in  the  camivora  where 
the  brain  is  large.  It  ia  large  in  the  bats 
and  noctamal  qaadlii|ieda,4Ui(l  observe 
it  in  the  quadnimana,  especially  in  the 
erangs,  acquiring  the  short  round  form 
•nd  nolionlen  ehaneler  of  the  hnaaa 
-concha. 

The  organ  of  stjiell,  destined  to  (x>nvey 
impressions  of  odorous  particles  dlAised 
through  the  medium  in  which  animals       ,  , 

live,  is  more  difficult  to  determine  than 'through  which  that  element  is  taken  iH 


observe  in  the  rays  and  ahskrka  j  but  by 
lifting  up  tUa  fM,  yoa  oboenfe  thai  ob 

each  side  of  the  head  it  has  but  one  open- 
ing on  the  surface  of  the  face,  and  that  it 
does  not,  as  in  air-breathing  classes^  com* 
mtmicate  backwards  with  the  month.  By 
the  motions  of  the  fishca  tTirough  the  wa« 
ter,  tliey  are  suihcientiy  exposed  to  receive 
impreanooa  of  odoromflahsaaaoea  fflffuaft 
through  that  medium,  without  drawing 
the  dense  water  through  those  delicate  or» 
gans  for  the  purposes  of  smell.  Pcrtiapi 
the  volames  of  water  necessary  to  be  car* 
ried  continurily  through  the  mouth  of 
fishes  for  laspiration  are  too  great,  aod 
wonM  prove  too  powerfid  a  attaMdot  ta 
have  posHcd  through  such  an  ortran  of 
smell,  and  to  have  allowed  that  or^xita 
retain  its  necessary  delicacy,  and, 
fore,  it  is  quite  apart  from  the 


that  of  sight  or  of  bearing  in  the  inferior 
clasMS  of  animals,  and  appaaM  to-  be  liBi 
toiportant  for  their  preservation  and  less 
general  in  its  oooaneaace  thraa^out  Uie 
anima!  kfaigdoia.  t%e  alr^waattifaif  aa« 
nelides  have  bet  n  «:np{)0spd  to  feel  odours 
by  their  mouth  or  by  the  lateral  pores  of 
their  air^^sacs.  The  sense  of  smeii,  so 
deiieata  la  latects,  has  ak»  been  refmred 
to  the  same  sit^ntions,  or  to  the  dolicate 
extremities  of  their  Ions  flexible  autenaee, 
and  tbe  fainar  pair  of  tfaasaeriaas  In  the 


for  respiration  in  all  watar^breathing  all* 
nais.  It  is  obviously,  however,  an  osgaa 

in  fishes  of  great  delicacy  and  importance, 
and  is  of  great  size,  provided  with  veiy 
large  oUhcMry  narvea,  and  large  oUhctaiy 
tubercles,  coming  oflf  alone  from  the  he- 
mispheres of  the  brain.  In  most  osseool 
tishos  tiierc  is  au  anlenor  and  a  postedf 
apartan  IndUngkito  each  nostra  from  lha 
upper  part  of  the  muzzle.  In  the  plagios- 
tome  fishes,  the  nostriis  open  each  by  oo» 
orMee  Oft  ^  tmdsr'part  of  the  baad; 


crnstapca  have  been  considered  a.M  the 'in  the  lampreys,  both  nostrils  open  by  • 


seat  of  the  same  sense.  The  labial  ap 
pendioes  of  the  oonchifera,  the  entrance 
to  the  respiratory  sacs  of  pidmcmatcd  gas- 
teropoda, the  highly  sensitive  tentacula 
covered  with  a  delicate  mucous  membrane, 
and  em  the  aAola  fBrihoa  of  the  riehi  in 
the  more  elevated  molluscous  classes, 
have  been  considered  as  the  oi^aas  through 
%hich  tbesa  anIiBals  teceiva  impressions 
from  odorous  emanations. 

In  the  iim  of         wa  ahwuit  Iks 


common  orifice  on  tbe  upper  part  of  the 
h^d.  Some  of  Xho  eels  approach  to  ^ 
lowest  amphibia,  by  having  the  posterity 
orifice  of  their  aoaldl  plaosd.  nodec  tiie 
apper  lip. 

In  the  ampUbioas  ai*fam1%  arfaara  ths 

respiration  of  air  begins  to  take  pl»<^ 
through  the  noMrils,  the  ollactory  app^ 
ratus  begins  to  be  naore  complicated  snd 
concealed.  The  cartOaginoua  laminated 
pacthMi  oC  the  Adiv  bofiai  It] 
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ike  more  oom|»et  and  convoluted  form 

■which  the  osseous  p!ate8  In  the  higher 
animals  afterwarda  present.  The  surface 
«f  the  organ  thus  incrwset  in  extent,  as 
■yvc  a>'cen(l  through  the  reptiles  and  through 
the  birds  to  the  mammalia.  In  the  peren- 
ni-branchiate  amphibia,  the  nostrils  form 
atitt  on  each  side  a  simple  sac,  scarcely 
complicated  internally,  and  haxing  their 
poaterior  opeumg  so  far  forward  in  the 
moaHi  M  to  be  immediately  under  die  up- 
per lip*  In  the  salamanders  and  frogs, 
the  noatiila  are  still*  in  the  larva  state, 
conftned  to  the  exterior  of  the  head,  as  in 
fislies ;  but  in  the  adult  form  the  posterior 
openings,  though  within  the  cavity  of  the 
mouth,  are  still  much  advanced  in  their 
portion,  and  remote  from  the  median 
line.  The  exterior  Tir\re?  hnvc  now  almost 
loat  their  cartilaginous  valve,  but  the  tur- 
binated bones,  cnren  in  a  carfflaginoos  form, 
have  not  yet  begun  to  extend  the  interior 
surface:  of  the  origan.  The  nostrils  of  the 
j^roteuii  arc  lauuaaled,  aa  in  a  ii all. 

In  the  serpents,  the  internal  surface  is 
extended  hy  the  rudimentary'  turbinated 
bones,  and  by  an  enlarged  nasal  cavity, 
opening  poatmorly  both  a  common 
orifice  on  the  median  line.  The  olfactory 
cavity  is  increased  in  the  sauxia,  where  the 
torbinated  bones  begin  to  be  strengthened 
by  ossific  matter,  and  to  assume  a  more 
convoluted  form ;  both  the  anterior  and 
posterior  opcoings  of  the  nares  present 
enlarged  dimen^ont,  and  the  whole  organ 
is  more  internal  and  more  protected  !)> 
the  expanded  nasal  bones.  The  organs  of 
mndl  are  atill  more  protected  and  con- 
cealed, however,  in  the  solid  head  of  the 
chelonian  reptiles,  where  their  surface  is 
increased  ia  exieut,  and  their  posterior 
openings  are  placed  frirther  back  from 
their  primitive  anterior  aspect.  The  an- 
terior openings  of  the  nostrils  are  here 
veiy  man.  Tlie  olftctory  nerves,  and  the 
whole  organs  of  Bmell,  are  small  in  birds. 
The  anterior  openings  are  large  and 
oblique  for  respiration  during  their  rapid 
movements,  andtiievasioaalonDaaiid  po- 
aitions  of  these  apertures  present  useful 
characters  to  the  distinction  of  species. 
Hie  tarinnated  bonea  are  laiger  than  in 
reptiles,  though  still  but  partially  ossified, 
and  the  olfactory  nerves  pass  through  the 
<nrfaitalnto  the  nose.  The  defective  deve- 
lopment of  this  organ  is  compensated  for 
in  some  by  the  extensive  distribution  of 
the  fiftli,  or  triiacial  uerves,  on  the  upper 
and  lower  JawJ^  and  in  most  by  the  great 


sume  a  more  lengthened  and  ezpaadedfixni* 

Most  of  these  animals  we  observe  to  have 
all  the  nasal  cancellated  bones  of  grei^ 
size,  and  presenting  an  immente  anxlhc^ 
both  on  the  ethmoid  and  turbinated  bones, 
for  the  distribution  of  the  olfactory  ncr%'e8, 
and  we  perceive  in  them  a  corresponding 
increase  of  power  in  their  sense  ofameC 
We  perceive  this  in  many  carnivorous 
quadrupeds  that  pursue  their  prey  by  the 
sense  of  muell  through  aU  their  winmnga 
and  concealments,  or  seek  them  by  night. 
The  diving  quadrupeds  have,  for  the  most 
part,  the  exterior  openmg  of  the  organ  of 
smell  protected  from  the  denae  water 
through  which  they  swim,  by  a  valvular 
structure.  This  valvular  form  of  the  uos« 
trils  we  see  in  moat  of  the  cetaceous  ani- 
mals, where  they  are  often  prolonged  in 
the  form  of  a  double  sac,  as  you  see  in, 
this  porpoise.  This  dosed  valmar  ttnuv 
ture  of  the  exterior  nares  we  also  see  ia 
the  beaver,  in  the  seals,  and  many  other 
animals  which  move  rapidly  through  that 
dense  and  resisting  element.  Where  the 
hemispheres  of  the  brnin  are  largely  deve- 
loped, the  olfactory  organ,  like  the  other 
organs  of  sense,  is  comparatively  smaO,  as 
we  see  in  the  quaclnnriana  and  man. 

The  organs  of  tcute  are  situated  in  the 
mucous  membrane  and  the  papillse  of  the 
tongue  and  mouth,  and  are  adapted  to 
convey  to  animals  a  knowledf^e  of  many  of 
the  properties  of  sapid  bodies  applied  to 
these  parts ;  so  that  Uke  the  other  orgami 
of  senae,  they  are  placed  where  they  can 
best  watch  over  the  materials  conveyed 
into  the  alimentary  canal,  and  their  gra- 
tification forms  an  incentive  towards  sup- 
plying the  necessary  wants  of  the  body. 
According  to  the  extent  and  delicacy  of 
these  parts  of  the  moutli,  and  their  vas- 
cularity and  sensibility,  wc  perceive  the 
organ  and  the  sense  of  taste  to  be  deve« 
loped  in  animals.  It  is  diflcnlt  to  ooa«» 
ccive  animals  with  a  mouth  or  stomach 
without  supposing  that  they  derive  some 
sensations  of  taste  from  the  substancea 
they  introduce  as  food  into  theae  cavitiea* 
and  such  sensations  have  been  ascribed 
by  EHaaNBKAO  even  to  the  polygastric 
animaldilev. 

But  the  most  general  seme  in  animals 
is  that  of  touch,  of  which  all  the  otbera 
may  be  mere  modlilcatioos.  It  la  ift* 
tuated  in  the  highly  vascular  and  sensitive 
surface  of  the  skin,  which  covers  and  pro- 
tects the  entire  machine,  and  which  is 
itself  shielded  by  the  cutide  and  tete  mw 


development  of  the  orgnns  of  vision.  All  cosum  which  it  exudes  upon  its  exterior  sur- 
the  internal  parts  of  theorems  of  smell:  face.  Thismostgeneral  of  the  senses  relates 
become  more  complex  tad  elaborate  la  |to  the  moat  common  physical  propertlea  of 

quadrupeds,  new  cavities  open  into  their  j  bodies,  and  we  can  scarcely  conceive  an 

interior,  ns  the  frontal,  rnaxillai  y,  and  Ephc-  animal  to  be  capable  of  providing  for  its 
CLoidai  diuujtusi  and  the  uxtcriur  naxea  as*  gwusubdicitcace  and  ih\t  coutinuaace  oC 
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its  rnoe  v.-it'ho'jt  >>clng  endowed  with  this  * 
common  property  of  feeling,— 'Without  be-  < 
ing  cafMluc  of  receiving  10010  lensiblc  im- 
pressions from  the  contact  of  Rnnoimdinp: 
objects.  The  efi'cct  of  those  impressions 
In  exciting  pcrceptiont  of  touch,  mnafr 
greatly  depend  upon  the  delicate  struc- 
ture and  sensibility  of  the  parts  with 
which  the  external  objects  come  into 
contact;  so  that  in  the  naked  and  soft 
forms  of  invertcbrated  animals  we  must 
naturally  expect,  ceteris  paribus,  the  sense 
of  tonch  to  be  moet  general  and  meet 
acute,  and  those  which  have  the  surface  of 
their  bodies  covered  with  dense  substances 
will  necessarily  possess  a  much  less  acute 
■erne  of  tonch»  though  their  other  organs 
of  sense  may  enable  them,  by  the  delicate 
sensibility  which  they  retain,  to  provide 
tor  an  liioir  neoesmiy  wanta.  Indeed  vre 
observe,  even  from  the  polygastric  ani- 
malcules, that  or^ns  are  developed  at  the 
anterior  part  of  the  body  which  appear  to 
be  adapts  to  communicate  sensations 
corresponding  with  those  of  touch  in  the 
higher  animals.  They  have  long  ctita  al- 
most already  deve1o]MMl  intotcntacula,  and 
those  tenfacula  so  common  in  the  class 
ofaoopbytes  appear  to  be  endowed  with 
great  delicacy  of  feeling.  These  fleshy 
and  sensitive  tcntacula  and  tubular  feet  of 
the  radiated  animals  continue  up  through 
jnany  of  the  succeeding  classes  of  animals, 
becoming  jointed  in  theartlcidateddasscs, 
where  they  form  palpi  and  antenfus  ;  and 
in  the  soft  molluscous  classes  they  again 
assnme  the  Ibnn  and  name  of  ttntetcuUit — 
soft,  sensitive,  and  fleshy,  without  any 
jointed  appeaiance.  We  observe  rem* 
Hants  of  those  sensitive  organs  even  in  the 
dass  of  fishes  in  the  form  of  processes  or 
filament?  still  disposed  ai  Olgaus  of  touch 
aiound  the  mouth. 

In  the  vertebratcd  classes  of  animals  we 
observe  a  great  difference  in  the  sensi- 
bilicy  and  exposure  of  the  exterior  surface 
of  the  body  to  impressions  of  toudi.  Many 
fishes  and  higher  animals  are  covered  with 
<len«e  scales,  which  must  deaden  the  gene  - 
ral sense  of  touch  over  the  surface  of  their 
bodies.  Other  fishes  ba^e  the  lower  part 
of  the  head,  the  lower  part  of  the  abdo- 
men, the  circumference  of  the  mouth,  and 
other  exi>oscd  parte,  covered  witbanalced, 

delicate,  arn!  soft  integument,  which  will 
compensate  for  the  want  of  development 
of  the  arms  and  bands  as  organs  of  touch. 
But  in  the  land  amphibious  animals,  and 
in  all  the  higher  vertebrata,  we  observe  the 
anterior  extremities  to  become  more  deli- 
cately organized,  and  fit  for  communicat- 
ing dclicitc  impressions  of  the  forms,  den- 
sities, temp«»ture,  and  other  physical 
qualito  «  external  boffies;  and  in  pro* 
portion  to  tbe  bi||^  nenroos  seniibili^,  the 


vascularity,  the  flexibility,  and  the  soft- 
ness of  the  hands  and  other  external  cuta- 
neous parts,  will  that  common  sense  «>f 
of  touch  become  increased  as  we  pass  ttp 
through  the  vertebratcd  classes  to  man, 
who  surpasses  all  inferior  animals  in  the 
exquisite  and  equal  development  of  all  his 
organs  of  sense,  and  in  the  perfection  of 
all  those  higher  organs  of  relation  by 
which  animals  are  more  immediately  con* 
nected  with  outward  nature. 


l;8E  OF 

PLASTER  OF  PARIS 

TREATMENT  OP  FRACTURES. 

Ta  tkt  Sdiior    Trs  Lancbt. 

Sir, — ^The  extensive  circulation  which 
your  Journal  so  deservedly  enjoys,  affords 
us  the  best  means  of  communicating  to 
the  medical  profession  a  mode  of  treating 
simple  oblique  fractures  (particularly  those 
of  the  thigh),  which,  although  not  un- 
known, bas  never  hitherto  been  brought 
into  practice.  The  mode  of  treatment  al- 
luded to  is,  that  of  confining  the  limb  by 
means  of  plaster  of  Paris.  A  recent  suc- 
cessful case  induces  us  to  submit  the  sub- 
ject to  the  consideration  of  the  profession, 
at  the  same  time  antici^mting  a  difference 
of  opinion  as  to  the  expediency  of  the  plan. 
We  riM  jllect,  indeed,  rcaiding  an  article, 
some  time  since,  in  one  of  the  medical  pe- 
riodicals, in  which  a  method,  proposed  for 
treating  fractures  with  plaster  of  Paris, 
was  strongly  condemned  by  the  editor  as 
impracticable  and  injudiciotui  but  as  we 
have  heard  Baron  Larrey  say,  that  dur* 
!Ti^  the  Egyptian  campaigns  of  Napolron, 
he  had  with  benefit  employed  it  iu  small 
quantities  round  fractured  Umbs,  with  the 
idea  of  preventing  irritation  during  fia- 
rcl,  we  considered  it  might  be  tried  witk- 
uut  incurring  a  charge  of  rashness. 

 Tinney,  of  Walton,  near  this  place, 

xt.  19,  of  muscular  habit,  in  the  mouth  of 
December  last,  broke  the  right  femur,  in 
the  upper  part  of  the  lower  third,  by  a  fall 
from  a  eai  t.  The  pr.ticnt  ^vas  put  in  Mr. 
Amesbury's  splints.  On  tlie  following  day, 
the  limb  being  much  shortened,  gradual 
extension  was  made;  the  pulleys  were 
used  a  second  and  third  time  during  the 
five  following  days,  notwithstanding  which 
the  ends  of  the  bones  could  not  be  Icept 
in  apposition,  from  the  extreme  oblique- 
ness of  the  fracture.  Finding,  on  the 
sixth  day  after  the  accideii^  that  it  woold 
be  impossible  to  preTent  a  sborteoiof  of 
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and  ProfcMor  of  Comparative  Anatomy  and  iVjit- 
aiftl  PJiyrielocy  In  the  Unlvenlty  of  Lofldon.^ 

LECTURE  XLL 

ON  THE  mOBSTIYB  ORGANS  OP  TUB  RA- 
DIATED OR  CYCLO-NEUROSE  ANIMALS. 

An  animal  is  but  a  movinc:  bag  which 
converts  organic  matter  luiu  its  own  like- 
ness, and  all  the  complex  orpans  qfamimal 
life  we  have  been  hitherto  considering  are 
but  subservient  to  this  digestive  sac.  The 
banett  connected  togetlier  by  their  ligra- 
ments,  arc  but  the  solid  levers  which  en- 
able the  muscles  to  carry  it  to  and  fro,  and 
the  nervous  sysienty  with  its  various  organs 
^  sense,  serve*  bat  to  direct  its  motions  in 
quest  of  food.  Nature  has  placed  the  un- 
organized food  of  plants  on  the  exterior  of 
thdr  body,  and  their  TeMele  «re  tent  there 
to  seek  it,  which  roots  them  through  life 
to  a  fixed  point  but  animals  place  their 
food  in  their  stomach,  and  having  their 
roots  directed  towards  that  central  re- 
servoir, they  can  move  ahotit  nnd  select 
wiiat  in  mom  congenial  to  their  nature. 
The  organi  of  mumal  Uf%  relate  to  this 
dincronce  between  the  two  organized 
kingdoms^  to  this  locomotion  of  animals 
and  their  power  of  selecting  their  food; 
but  tlie  organs  of  vegetative  life  which 
we  are  now  to  examine,  relate  merely  to 
the  assimilation  of  food  when  within  the 
body,  and  are  therefore  oommon  to  ant* 

No.  d70. 


mala  with  plants.  Tlic  digestive  surface 
of  the  plant  is  the  surface  of  its  root,  ra- 
mified and  fixed  in  the  soil,  which  affords 
it  a  never-failing  supply  of  food,  bo  that 
the  vec:ctable  is  like  an  animal  with  its 
stomach  turned  inside  out*  We  have  seen, 
that  die  crganM  itf  rdoHom,  which  are  ne« 
ccssarily  connected  with  the  varied  cir- 
cumstances in  which  animals  are  placed, 
are  remarkable  for  their  variable  cha* 
raider,  and  even  for  their  inconstancy  ia 
the  lower  tribes,  where  they  are  often  en- 
tirely wanting;  but  those  of  vegetative  or 
organic  l^e  are  more  regular  and  oonslant 
in  their  character ;  and,  indeed,  no  organ  ia 
more  universal  among  animals  than  that 
internal  digestive  cavity  by  which  they 
differ  so  much  from  the  species  of  the  ve- 
getable kingdom.  This  primitive  sac  is 
but  a  development  oi  the  skiu,  which  ex- 
tends into  the  homogeneous  cellular  tissue 
of  the  body,  or  through  it ;  and  although 
in  tiie  simplest  conditions  of  animals,  it 
performs  luone  aU  the  assimilative  fhnc* 
tior>s,  we  find  it,  as  we  ascend  in  the  scale, 
giving  origin  to  various  other  systems  to 
which  distinct  parts  of  the  complex  func- 
tion of  assimilation  are  entrusted.  Thus 
the  peripheral  mode  of  nutrition  of  the 
plant  passes  insensibly  into  the  central 
internal  mode  of  the  animal,  and  all  the 
organs  of  organic  life,  whether  they  open 
into  the  digestive  cavity  within,  or  on  the 
surface  of  the  body  without,  may  be  con- 
sidered as  originating  ftwn  the  skin,  whicii 
is  itself  only  a  i>ort!on  of  the  primitive 
cellular  tissue  of  the  body,  here  modified 
by  the  contact  of  the  surromiding  elem«]i^ 
so  as  to  assume  the  character  of  a  mucoiia 
membrane.  As  the  various  tubular  pro* 
longations  become  more  and  more  deve* 
loped  and  isolated  from  this  primitive 
source,  they  assuine  ]>roperties  more  and 
more  peculiar,  and  thus  form  the  numer* 
ous  gtandular  apparatus  and  vasoular 
systems. 

An  internal  digestive  cavity,  the  first 
element  of  all  the  oi^ns  subservient  to 

individual  nutrition,  is  observed  in  every 
I  class  of  anim:il3  arid  almost  in  every  genos^ 
and  even  where  tius  part  iiu^  uut  been 
perceived,  there  can  be  Uttle  doubt,  from 
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analogy,  of  its  existence.  Its  form  and! 
structore  vary  acoording  to  the  kind  of 

food  on  which  animals  are  destined  to  sub- ! 
sist,  and  the  extent  of  elaboration  it  re- 
quires tu  undergo  to  assimilate  it  to  the 
animal's  body;  lo  tlukt  the  diversities  of 
this  digestive  fipparatus  arc  intimately  re- 
lated to  all  the  living  habits  of  animals, 
and  to  aU  the  pecuiUarttiei  of  ftmn  pre- 
sented by  the  organs  of  aiiitnal  life  y>'e 
have  been  hitherto  examining. 

Au  internal  digestive  apparatus  Is  seen 
in  the  monad*,  and  in  all  the  higher  forms 
of  animalcules,  where  the  internal  cavities 
connected  with  this  system  are  so  nume- 
Tode  in  all  the  genera,  that  thli  lowest  ci 
animals  has  been  termed  polygatirka,  to 
express  this  common  character.  From 
the  transparency  of  these  minute  animals, 
iheir  digestive  lact  appear  when  empty,  or 
when  filled  with  water,  like  portions  of 
the  cellular  substance  of  the  body,  or  like  | 
animalciiles  which  have  been  swallowed, 
or  like  internal  geiriimiles;  and  from  not 
being  generally  recognised,  many  were  led 
to  suppose  that  the  animalcalei  were  nou- 
iished  by  superficial  absoi-ption,  like  ma- 
rine plants.  Lewenhoeck,  however,  not 
4oubting  that  they  possessed  a  stomach, 
believed  they  devoured  each  other;  the 
same  was  observed  also  by  Ellis,  and 
Spallanzami  miuntained  that  they  de- 
voured each  other  so  voraciously,  that  they 
were  seen  to  become  distended  with  this 
food.  GoEZE  saw  the  trichoda  seizing 
and  swallowing  animalcules  smaller  than 
ftsdf.  Baron  Gleichbn,  in  order  to  dis- 
cover the  form  of  their  internal  digestive 
cavities,  placed  them  in  infusions  coloured 
with  carmhie,  which  the^  soon  Wallowed, 
and  ycju  w  ill  observe  in  tbcso  ( r  I  nred 
plates  that  he  has  represented  this  red 
colouring  matter  as  fflOing  the  internal 
stomachs  of  numerous  trichodiP,  vOfiieelliBy 
and  other  animalcules.  Indeed  you  will 
see  those  internal  globular  cavities  of  ani- 
malcules represented  in  the  plates  of 
MuLLER,  BuiTGUiERE,  and  all  the  older 
writers  on  this  class.  But  £HaE>iBaRG, 
hy  adopting  the  plan  of  GtBicnair  and 
Tkembley  of  employing  opaque  colouring 
matter  to  detect  the  forms  of  these  inter- 
nal cavities,  and  by  using  principally  car- 
mine, sap-green,  and  indigo,  carefullylrecd 
from  all  impurities  which  mi^ht  prevent 
their  being  swallowed,  has  succeeded 
better  than  all  his  predecessors  in  unfold- 
ing the  structure  of  the  digestive  organs 
of  aniraalculcs.  Such  coloured  organic 
matter,  diffused  as  fine  particles  me- 
chanically suspended  in  the  water  in 
which  animalcules  arc  placed,  is  icarlily 
swallowed  by  them,  wad  renders  visible, 
fhiOQgh  their  transparent  bodies,  the  form 
and  fispotition  of  their  alimentary  cavi- 


ties i  but  however  long  they  remain  in  i 
coloured  infuBions*  m^th  ^leir  stomadis 
distended  with  the  colouring  matter,  it  is 

not  perceived  to  communicate  the  slit^htxist 
tinge  to  the  general  cellular  tissue  ot  their 
body.  In  most  of  the  animals  of  this 
class  there  is  an  alimentan'  canal,  with 
an  oral  and  an  anal  orifice,  which  tra- 
verses the  body,  and  is  |>rovided  with  nu- 
merous small  round  ciecal  appendices, 
which  open  into  its  sides  throughout  its 
whole  coui  ae,  and  which  appear  to  perform 
the  o&ce  of  stomachs  in  receiving  and 
preparing  the  food.  In  the  simplest  forms 
of  animalcule^  however,  there  is  hu^  ooe 
orifice  to  the  a^entary  cavity,  and  the 
numerous  caccal  appendices  open  into  this 
general  wide  orifice,  placed  at  the  ante- 
rior extremity  of  the  body.  This  simpler 
form  of  this  digestive  apparatus  is  found 
in  the  monadty  and  in  about  forty  other 
known  genera  of  polygastrica,  which, 
from  tikis  drcumstsnoe  of  tiieir  having  no 
intestine  passing  through  their  body,  have 
been  ptJi^ped  together  as  an  order,  u^nder 
the  name  of  «Mii?«ra.  In  the  mtmiu  /ermo, 
which  is  only  about  the  two-thousandth  of 
n  line  in  diameter,  four  of  these  rouod 
stomachs  have  been  seen  filled  with  the 
colouring  matter,  although  they  did  not 
appear  to  be  half  the  number  which 
might  bjB  contained  in  its  body.  £ach  of 
these  round  stomachs  was  abont  one  rix* 
thousandth  of  a  line  in  diameter,  and  they 
appear  to  o])en,  a?  in  other  nnentera,  by  a 
narrow  neck  iiito  a  wide  funnel-shaped 
mouth,  surrounded  with  a  sin^  fow  of 
long  vibratile  cilia,  which  attract  the 
floating  organic  particles,  or  minuter  in- 
visible animalcntes,  as  food.  This  anen- 
terous  form  of  the  digestive  sacs  is  found 
both  in  the  loricated  and  in  the  naked 
kinds  of  animalcules  belonging  to  the 
lowest  genera  of  the  class,  many  of  which, 
however,  have  been  foitnd  to  be  onty  the 
young  of  supposed  higher  genera. 

The  intestine  which  traverses  the  inte- 
rior iif  t!ie  hotly  in  all  the  higher  forms 
of  polygastric  animalcules,  and  connects 
all  the  internal  stomachs  with  its  ca\  ity, 
presents  vary  diAefect  appearances  in  du* 
ferent  genera,  and  even  in  different  species 
of  the  same  genus.  In  this  v&riu^la  ct- 
triruif  the  Intestine,  ymi  observe,  passes 
downwards  from  the  mnuth,  of  ('([ual 
A^idth  tliroughout,  and,  after  forming  a 
curve  in  flie  lower  part  of  the  body,  it  as- 
cends to  terminate  at  the  same  or^  fun- 
nel-shaped ciliated  aperture  at  which  it 
commenced,  having  numerous  cascal  sto- 
madis  oommunicamig  iirith  ito  cylindrical 
equal  canal  throughout  its  whole  ronrse. 
This  circular  form  of  intestine,  opening  at 
both  Its  esbremities  in  As  same  ciliated 
apertare^  is  seen  also  In  the  ctnMum$ 
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aeoeladium,  tfhtf^^  eplbydmm,  voffktMa,  iSbtif  ftfipMr  to  b«  Uie  miNt  nmnaraiis,  fhe 

and  other  penera,  which,  from  this  charac-  most  active,  the  most  prolific,  and  tiie 
tcr,  are  termed  cydo-coela.  In  some  of  most  voracious,  of  all  living  beio^. 
the  aniaaaloolet  of  this  group,  as  you  mo  The  pori&ioat  animaJt  present  a  digei* 
ia  this  itentor  pohjinorphufy  the  intestine,  tive  system,  which,  by  its  form  and  sim- 
yvtuing  the  same  circular  course  through  plicity,  approaches  the  nearest  to  that 
tho  body,  is  sacculated,  or  regularly  dila-  of  plants.  The  cellular  tissue  of  their 
ted  into  rouiid  v  esicles,  throughout  its  body  ii  permeated  in  all  directions  by 
whole  length,  and  from  these  enlarged  anastomozing  and  ramifying  canals,  which 
parts  the  little  stomachs  commence.  In  begin  by  minute  superAcial  pqrcs  closely 
other  species  of  tlw  simfor,  tho  intestmo '  distributed  over  every  part,  and  terminate 
is  twisted  in  a  spifal  manner  throughout  in  larger  orifices  variously  placed  accord- 
its  circular  course.  Many  of  the  polygas-  ing  to  the  form  of  the  entire  animal.  The 
trie  animalcules  which  approach  nearer  pores  are  provided  with  a  gelatinous  uet- 
to  the  heliiiinthoid  classes  in  the  long^-  work  and  projecting  qiloula  to  protect 
ened  form  of  their  body,  have  the  month  them  from  tho  larger  animalcules  and 
and  anus  placed  at  the  opposite  extremi-  ^  floating  particles.  The  internal  canals, 
ties,  as  in  these  higher  aaaeof.  In  tlw  like  tlio  venoos  system,  loading  fwm  ca- 
long  body  of  this  enchelis  pupa,  you  per-  pillaries  to  trunks,  are  bounded  by  a  more 
ceive  the  intestine  passing  straight  and ,  condensed  portiim  of  the  general  cellular 
oylittdrical  liiroogli  the  body,  from  One  wbstaiioeof  tiiebody,  andareincessandy 
wide  ciliated  terminal  moirtfa,  to  the  op- 1  traversed  by  streams  of  water,  passing  in- 
posite  dilated  anal  termination,  and  giving  wards  through  the  mintite  pores,  and  dis- 
off  numerous  small  saos  along  its  whole !  charged  through  the  larger  orifices  or 
oowie.  Suoh  animatoiries  fena  tl^  group  |  vents ,  but  no  polypi  or  dlb  have  been 
termedorMo-cf/?/a,  from  this  straight  course  observed  in  any  of  those  parts,  although 
of  the  intestine.  The  intestine,  however,  from  analogy  >ye  might  suppose  them  ne- 
cessary. In  this  stmeture  tiioro  ai^oara 
to  be  only  an  increased  extent  given  to 
the  general  absorbent  surface  j  there  are 
whole  length,  and  such  crooked  forms  of  i  no  distinct  stomachs,  or  cseca,  or  other 
tlio  alanentary  canal  compose  ti^egravp  parts  for  receiving  and  retuning  the  ali- 
of  eampylo-eala.    Thirty -five  genera  ofment  that  has  been  taken  into  the  body 


in  the  leucophn/g  patula,  paetee  fa  a  spiral 

course  through  the  short  and  broad  body 

of  the  animalcule,  giving  off  caeca  along  its 


polygastdca  present  an  intestine  passing 
through  their  transparent  btodf,  and  deve- 
loping from  its  parietes  these  minute  glo- 
bular cseca,  which  have  been  regarded  as 
ttonachs,  from  the  quickness  with  which 
the  animalcule  conveys  the  food iBlo  them, 
and  from  its  not  accnnndating  or  retain- 
ing its  food  in  any  other  part  of  the  diges- 
tivo  ayparattts.  Nearijr  two  hmiired  of 
these  stomachs  have  been  seen  in  tho  pa- 
rtmacium  and  aureiia,  filled  at  the  same 
tiflB^  and  there  oMfr  have  been  many  more 
unseen  from  theirempty  and  collapsed  state. 
These  little  sacs  are  contracted,  filiform, 
and  almost  invisible  when  empty,  but  they 
are  susceptibie  of  great  dtlatalfoii,  and  are 
sometimes  seen  filled  \\4th  water,  or  dis- 
tended with  smaller  animalcules  seized  as 
ftod*  Viewed  through  the  microscope, 
these  minute  animals  present  very  differ- 
ent appearances,  according  to  the  quan- 
tity and  kind  of  food  contained  in  their 
appendices,  and  from  this  circum- 
twelve  different  species  of  animal- 
.  belonging  to  six  supposed  distinct 
genera,  liare  been  Ibrriied  of  the  single 
rorticclla  convallaria.  No  teeth  for  mas- 
tication, nor  any  ^nduiar  organs  to  assist 
in  digestion,  have  been  observed  in  the 
pdygastric  animalcules;  and,  notwith- 
standing their  almost  invisible  minuteness, 
and' the  great  simplicity  of  their  structure,  [  canals 


along  with  the  currents  of  water.  Those 
anliMls  in  ttieir  earliest,  freo,  and  moving 

condition,  pi-csent  no  cavities  in  their 
body,  while  they  are  in  the  state  of 
gemmules,  and  even  for  a  time  after 
their  development  has  commenced.  Nei>i 
ther  the  poriferous  nor  the  polyi)iferoua 
animals  present  the  least  trace  of  any 
internal  cavity,  while  they  are  fai  thie 
state  of  moving  ciliated  gemmides.  As 
their  development  proceeds,  however, 
we  ohterve  diitfaiedy  in  tiMfe  pmrifera 
minute  openings  forming  on  the  surface 
of  the  body.  Those  openings,  extend- 
ing gradually  through  tho  body,  produce 
internal  canals  wiiu  h  terminate  in  tha 
vents  at  fecal  orifices.  From  the  incessant 
streams  that  are  conveyed  through  tho 
bodies  of  these  anima]%  it  appeaili  tiia^ 
all  parts  of  these  interior  perforations,  as 
well  as  the  general  external  surface  of 
this  cellular  tissue,  sen'e  for  the  convey- 
ance of  nutritious  matter  into  the  interior 
substance  of  the  body.  On  watching  the 
streams  of  water  that  issue  from  those 
feeal  oriAees,  we  observe  ndnnte  ftoocpi- 
lent  particles  that  are  incessantiy  de- 
tached and  thrown  out^  which  appear  as 
if  they  were  Ihe  residiie  of  digestion,  or 
pellicles  excreted  from  the  body,  and 
thrown  off  from  the  surface  of  internal 
The  some  kind  oi  excrotioa  in 
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thia  pellicles  takes  place  ou  the  general 
tarfiu.^  of  zoophytes,  which  poasesa  no 
diatinct  anus  lepmte  from  th«  months  of 

the  polypi. 

In  the  spreading  sessile  species  of  po< 
rifera,  both  the  pores  and  the  fecal  ori< 
fices  are  necessarily  placed  upoa  the  same 
general  external  exposed  surface,  the  other 
floiface  of  those  animals  bdng  fixed  to 
the  rock,  or  other  submarine  bodies.  In 
the  tubular  spccins,  the  pores  open  over 
all  parts  of  the  outer  circumference  or  pe- 
riphery of  the  body.  Those  pores,  in  such 
species,  lead  to  canals  which  pass  gene- 
ndly  in  an  oblique  direction,  upwards, 
through  the  parietes,  to  the  general  in- 
ternal tuhnl.Tr  cavity,  which  U  always 
shut  at  its  upper  fixed  extremity,  and 
open  at  its  lower  free  pendent  part.  The 
vents  or  fecal  orifices  in  these  hoUow  po- 
riferous animals  are,  therefore,  only  seen 
upon  breaking  open  those  tubular  pah- 
etes,  and  obeervmg  the  surllue  of  tiielr 
interior  cavity  {Fig.  B,  4,  4,  Vol.  I.  p.  199' 
The  streams  of  water,  therefore,  conveyed 
Inwards  and  inmaids  through  the  pores 
and  short  canals,  rush  from  those  interior 
concealed  fecal  orifices  into  the  i^oneral 
cavity  of  the  body,  and  from  that  through 
the  opening  at  the  bottom  (Fig.  B,  4,  d) . 
in  the  branched  species  of  those  animals, 
which,  from  their  softness,  always  hang 
downwards,  the  whole  surface  of  the  body 
is  closely  studded  with  minute  pores  Icad- 
jnt^  into  the  interior.  From  those  pores 
tiie  rami&ed  and  anastomozing  canals  pass 
inwards,  precisely  as  in  the  sessile  spread- 
ing species,  through  all  parts  of  the  inte- 
rior texture,  and  open  outwardly,  upon 
the  same  general  external  surface  with 
the  pores,  in  tho?c  larj»e  round  fecal  ori- 
lices  which  you  now  see  ranged  along  the 
maigins  of  ell  the  branches.  There  is 
great  regularity  and  obvious  intention  in 
the  disposition  of  those  fecal  orifires.  They 
are  idways  situate  iu  such  a  wAy  as  least 
to  incommode  the  pores,  by  the  discharges 
which  constantly  is^nc  from  them.  They 
are  seen  here  opening  upon  the  narrow 
margin  of  all  those  ramlflcatiomt.  Vre- 
quently  we  observe  these  large  vents  ex- 
tending a  little  outwards  iu  the  form  of  pa- 
pillaD,  so  that  the  excrementittous  matter 
and  foreign  particles  conveyed  into  the 
body  with  the  water  tliioiit^h  the  pore?, 
may  not  be  thrown  out,  so  a«  to  fall  again 
into  the  pores  through  which  the  streams 
are  incessantly  rushing  inwards. 

In  the polypifemm  animals  the  digestive 
apparatus  has  arrived  at  a  more  complex 
•tnicturo ;  there  we  observe  the  margins  of 
t"he  superficial  pores  lengthened  out  to  form 
little  stomachs  or  polypi  to  select  and  seize 
and  ^gest  animalcalcs.  We  obserre  still, 
lioweTer»  ia  fhote  pkat-UkeanioMla  wqkor^ 


extremely  simple  forms  of  tlte  alimentary 
canal.   In  the  little  hydrm  or  fireSh-wster 
polypi,  we  observe  nothing  but  a  digcstire 
sac,  thin,  soft,  cellular,  without  rtiv  csca 
or  stomachs,  like  those  of  polygasti  ica,— 
even  without  a  distinct  anus  separate 
from  the  mouth,  a  mere  digestive  cavity 
that  possesses  everywhere  the  same  pro> 
pertles,  and  that  is  capable  of  perfbrming 
its  functions,  whether  we  turn  it  inside 
out,  or  allow  its  usually  inner  surface  to 
remain  internal.    The  baailarity  of  the 
properties  possessed  by  all  parts  of  those 
animals,  is  manifested  by  what  results 
from  dividing  them  into  parts.  We  ob- 
serve that  each  of  the  eepenied  minele 
portions  of  the  body,  develops  to  the  form 
of  the  entire  animal.    The  hydrs  feed 
chiefly  upon  larvaj  of  insects  and  red- 
blooded  worms,  which    they  seize  by 
means  of  the  long  fleshy  filaments  or 
tentacula  developed  from  the  sides  of  the 
mondi.  Thvf  wvm  and  swallow  animate 
many  times  the  size  of  their  own  bwly. 
You  will  observe  them  often  conveying  a 
large  worm  into  this  sac,  stretching  the 
sac  over  the  doiAled  worm,  like  a  thin 
clastic  membrane,  so  as  entirely  to  dis- 
figure their  body  from  its  ordinary  shape; 
and  eo  transparoit  do  they  render  them- 
selves by  this  stretching  of  their  sac,  that 
you  cannot  sec  the  iM^y  of  the  polyiHU 
without,  but  only  ^e  contained  wonii 
with  its  red  blood,  as  if  spontanc  i?!y 
coiled  up,  without  perceiving  that  there 
is  a  thin  stretched  sac  enveloping  it. 
When  we  watch  the  process  of  digestion 
in  those  fresh-water  polvpcs,  we  observe 
the  red  fluid  in  the  animal  on  which  they 
are  feeding  to  pass  slowly  through  all 
parts  of  the  parietes  of  the  stomach, — that 
it  passes  into  the  arms,  showing  that 
these  tentacula  are  here  tubular,  at  hi 
an  actinia.    The  outer  surface  of  their 
body,  however,  is  as  much  digestive  as 
the  internal.   This  shows  not  only  that 
the  oellalar  texture  of  thdr- bcMiy^i^ 
in  every  part,  pnssos?rd  of  the  same  vital 
properties,  but  it  also  already  points  out 
the  analogy  between  the  skin  covsring 
the  surface  of  the  body  of  animals,  and 
the  mucous  lining  of  the  alimentary  canal, 
i  hey  are,  iu  fact,  continuous  portions  sf 
the  same  texture.   The  digestive  surface, 
when  t!ic  1)0{ly  of  the  hydra  is  turned  out- 
side iu,  becomes  the  generative  surface,  for 
it  is  still  observed  in  this  inverted  stats  to 
bud  from  the  then  outer  surface -that 
w  hich  was  formerly  the  interaal  digestive 
surface. 

In  the  inferior  orders  of  zoophytes, 
however,  we  observe  that  there  is  also  a 
posterior  ^»erture  to  the  alimentary  canalt 
besides  the  anterior  nuMidi.  The  mooth* 
or  poljrpi  la  duMe  aiiiaials  are  devtlflp*^ 
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iuto  highly  irritable  and  sensitive  sacs, 
the  free  margins  of  which  are  (Nctokded 
ontwnrdly  hi  slender  filaments,  and  con- 
stitute the  tentacula,  upon  the  sides  of 
which  tentecuita  we  lutve  already  seen  the 
minute  vibratilc  cilia  placed,  by  the  mo- 
tions of  which  the  food  is  brought  within 
the  grasp  of  the  polypus.  Those  digestive 
sacs,  the  developc<l  pores  of  porifera, 
are  highly  organized  portions  of  the 
general  fleshy  substance  of  the  body,  that 
passes  in  thmeraimfled  tnbahur  zoophytes, 
through  all  parts  of  their  interior,  the 
root,  the  stem,  and  the  hranches,  in  which 
the  circulation  is  carried  on,  as  shown  by 
Cavolin  i.  From  the  tramperency  &[  Hhme 
poljrpi  and  of  their  horny  cells  we  can 
distinctly  perceive  the  contained  bolus  of 
food  while  it  is  in  the  act  of  l>eing  digested. 
We  can  see  aho  in  those  simpler  forma  of 
polypi  that  the  excrementitious  matter, 
the  residue  of  the  process  of  digestion,  is 
thrown  oat  by  the  same  orifices  by  which 
it  was  taken  in,  while  the  digested  part  is 
transmitted  backwards  through  the  gene- 
ral mass  of  the  body,  and  not  to  tiie  next 
polypi  as  imagined  by  Cnvicr. 

In  more  complex  forms,  however,  of  the 
soophytes  we  observe  the  polypi  acquiring 
a  more  elaborate  internal  struotlirei  a 
more  Icnt^thcnorl  and  isolated  form,  and 
even  to  cxiubit  diiitaiious,  like  cteca,  deve- 
loped from  their  ])ariete8,  as  we  see  in  the 
flnstra  (Fir/.  1,  f,.,  Vol.  I.,  p.  :'..'•>).  Here 
the  polypus  has  a  dilated  portion,  like  a 
mdnnentarjrheed,  et  the  hue  cf  the  cirde 
oftentacula;  froin  this  it  has  a  lengthened 
cylindrical  form,  curved  upon  itself,  and 
fixed  at  the  distal  extremity  to  the  parietes 
of  the  cell.  Near  to  its  divtiti  extremity 
we  observe  a  small  caecum,  frofnicnth- 
empty,  and  frequently  also  coutaiuing 
some  digettiire  matter.  Thn  little  ciecnin 
is  probably  the  commcnccmrnt  of  the 
formation  of  a  new  organ  to  assist  iu  the 
procese  cf  digestion.  It  shows  us  the 
origin,  probably,  of  the  .liver,  the  most 
essential  and  the  most  constant  glandu- 
lar organ  concerned  in  the  process  of 
digestion.  As  yet  we  observe  hi  this 
simple  animal  only  the  embryo  state  of  a 
single  chylopoietic  gland.  At  the  com- 
mencement of  this  organ  cr  at  the  place 
w  il  l  ro  this  glandular  caecum  communicates 
with  the  alimentary  canal,  we  can  perceive 
by  the  microscope  an  iucea^ant  revolution 
of  the  particles,  as  we  see  in  the  bodies  of 
the  po1y]H  of  various  other  zoophytes,  and 
somewhat  reHenibiing  the  motion  wc  ob- 
serre  at  the  ciliated  entrance  of  the  polypi 
of  !obn!aria.  In  the  lower  forms  oi 
asoophytcsr  where  the  polypi  have  inter- 
nally the  simplest  structure,  the  food  is 
brou^t  to  the  mouth  by  means  of  vibra- 
toiy  dlia  dispoMd  on  the  tides  of  the 


tentacula,  as  in  tertularia,  phunularia, 
/ttutroj  ff/eyonlam,  and  many  others;  bat 

in  more  complirated  forms  of  this  class, 
as  iu  madreporeif,  yorgoniee,  lobtUaruSf  where 
the  polypi  possess  a  complicated  Internal 
structure,  more  nearly  approaching  to 
that  of  the  actinia,  the  cilia  are  long 
appendices  to  the  sides  of  ihe  tentacula, 
but  they  are  not  vibratory.  The  polypos 
of  the  lobularia  forms  a  nearer  approach 
to  the  character  of  an  independent  animal 
thaib  these  organs  in  the  lower  zoophytes. 
The  stomach  here,  as  in  many  allied 
zoophyte?,  forms  a  distinct  membranous 
tube  withiu  the  body  of  the  polypus, 
and  quite  open  at  its  posterior  extremity, 
like  the  stomach  of  an  actinia,  and  each 
polypus  has  its  distinct  ovaries  at  its  base, 
the  ova  or  gemraides  coming  out  through 
this  open  tiilnilar  '^tonnach.  Tn  lha  tertw 
larietf  cellaruB,  alcyonia,  and  many  similar 
zoophytes,  we  perceive  no  such  structure; 
but  in  the  eortioelerous  soophytes,  as  the 
gorgoniOf  we  observe  this  co"hiplcx  struc- 
ture of  the  polypus.  That  digestive  io- 
temal  tabular  cavity  within  the  body  of 
the  polypus  is  Open  at  both  extremities,  as 
you  observe  in  these  polypi  of  the  lobu* 
iaria.  Tbii  is  a  form  of  the  stomach 
which  is  very  clo^ly  analogous  to  that 
svhich  we  see  in  the  actinia,  where  it  is 
open  botk  above  and  below,  and  in  which, 
as  in  the  lobnlana,  the  reproductive  gem- 
mulP5,  or  yoimf^  actiniae,  more  or  less  de- 
veloped, pass  out  through  the  cavity  of  the 
stomach.  It  is  a  sac  dilated  around  its 
entrance,  and  capable  of  extracting  the 
nutritious  part  of  the  food  that  is  con- 
veyed into  it  by  the  vibration  of  its  oral 
cilia,  and  which  has  been  seized  by  the 
broad  appendiculatcd  tentaculn.  We  ob- 
serve that  this  internal  uiembranous  sto- 
mach is  highly  contractile;  that  by  its 
contractiiirr  around  the  food,  as  in  actinia, 
which  is  only  an  independent  polypus,  it 
prevents  portions  of  it  from  escaping 
backwards,  that  have  not  undergone  the 
process  of  digestion.  We  observe  that  it 
embraces  the  reproductive  gemmules 
which  enter  it  from  behind,  and  facilitates 
by  its  peristaltic  motions  their  escape 
from  the  body.  The  exterior  tunic  of 
these  large  polypi  is  rouscnlar  and  coa- 
tractile,  like  the  tubular  feet  of  echino« 
derma,  which,  indeed,  resemble  polypi 
shorn  of  tlitu  tentacula.  These  polypi  of 
the  lobularia  are  provided  externally  with 
regular  longitudinal  series  of  shining  white 
calcareous  spiculse,  attached  to  their  parie* 
tes,  and  theur  Interior  canties  are  continu- 
ous with  those  long  fleshy  canals  which, 
on  cutting  open  the  animal,  we  see  to 
compose  the  whole  mass  of  the  body.  The 
digested  part  of  the  tooA  of  each  polypus, 
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panes  thtis  freely  backwards  into  the  in- 
terior of  the  zoophyte.  The  tame  com- 
plicated ttntcture,  and  almoet  Independent 

character  of  these   digcstivr  <  rp;ans  or 
polypi,  we  observe  in  the  pennatulm  and 
virffularia,  where  the  gemniules  corae  out 
through  the  prolonged  bodies  of  the  poly- 
pi.   In  the  titbtilarifs  the  polypi  are  still 
more  isolated  and  independent,  and  are 
provided,  like  meiim^,  ymh  a  double  row 
of  tcutacula  around  the  mouth,  which  are 
shorn  of  their  vibratilc  cilia.   But  the 
nearest  approach  to  tibe  oeHmiB  in  the 
vhole  form  and  structure  of  the  polypi,  is 
scon  in  these  large  isolated  caryrtphilli<v, 
where  we  observe   already  the  tubular 
short  membranous  tentacula,  disposed  in  a 
double  row  arov.^i  l  fhe  luouth,  and  desti- 
tute of  cilia,  where  the  stomach  is  an  open 
internal  distinct  canal  through  which  the 
gemmules  ])ass,  and  where  the  polypi 
ofreTi,  as  in  this  caryophyliia  cyathus,  re- 
tain tiuough  life  an  independent  and  iso- 
lated condition.   They  are,  indeed,  acti- 
nia: which  have  exuded  a  calcareous  basi« 
to  fix  them  permanently  to  rockit  against 
fhe  agitations  ot  the  sea,  and  in  a  favour- 
able i)osition  for  fond.    So  that  from  the 
simple  stomach  of  the  isolated  hydra^ 
which  is  both  generative  and  digestive, 
we  pass  through  a  diversified  series  of 
zoophytic  forms  to  the  complicated  struc- 
ture of  the  isolated  acitnia,  where  distinct 
organs  are  appropriated  to  these  two 
functions,  the  most  general  functions  in 
animals  and  in  all  org^iaed  beings.  The 
distin^  internal  isidated  stomach  ol  the 
H^thtia^  open  below  as  well  as  above,  and 
separated  by  a  wide  space  from  the  paiie- 
tes  of  the  body,  we  already  see  in  numerous 
inferior  forms  of  branched  zoophytes;  and 
also  the  disposition  of  the  ovaries  aroi7nd 
the  base  of  the  stomach,  with  rudnnentary 
■v^r^cal  parUtions  of  the  body  of  the  poly- 
pus, you  already  ob8cr\  c  in  the  lobuktriai 
cormUaria,  and  many  other  forms  of  this 
class.   The  MlAila,  like  the  hydra,  nnftt- 
tcrcd  by  a  toUd  axis,  stretches  its  elastic 
body  over  prey  many  times  larger  than 
itself,  and  by  the  great  digestive  powers  of 
tts  capacious  stomach  it  quickly  extracts 
nourishment  "from  all  kinds   of  animal 
substances,  living  or  dead,  which  are ; 
brought  within  its  poisonous  grasp  by ' 
^e  ceaseless  motions  of  the  tide.  The  two 
passages  or  open  canals  which  we  observe, 
often  beautifully  coloured,  extending  oppo- 
site to  each  other,  along  the  sides  of  the 
:-:tonmrh  to  thv  ovarial  cavity  at  the  base 
of  the  actiiiM,  appear  destined  to  give  a 
separate  exit  to  the  young,  without  past- 
ing through  the  cavity  of  the  stomach, 
which  is  often  filled  with  gravel,  sand, 
broken  shells,  and  oOav  haid  substances 
tikBn  hi  tiMi  the  fiwcL  itniQtoire 


leads  to  the  separate  ovar5al  openings  of 
atterioif  echmut,  and  other  echuiodermay 
and,  indeed,  we  are  apprexfanated  raera 

closely  to  that  class,  ^prL-inlly  to  the  cri- 
noid  forms,  and  even  to  the  asteriaa,  by 
the  isolated,  pedunculated,  nidliled»  tnl^ 
divided,  and  pedigerous  body  of  the  hteer" 
naria,  which  has  still  the  srtft  fleshy  con- 
tractile body,  and  the  distinct  open  diges- 
tive canal,  cMf  ^  adbiia  and  maiijr  of  th« 
sinii)1er  zoophytes. 

The  soft  gelatinous  free-moving  aeola- 
phoy  transparent,  as  huge  anhnalmtes,  mm 
all  stomachs,  like  the  hydra  and  acfiniie, 
and  have  their  digestive  cavity  continued 
through  every  part,  extending  in  nume- 
rous ramifications  through  their  heiBi« 
spherical  mantle,  their  long  filiform  ten- 
tacula, and  the  pendent  branches  of  their 
pednnde.  In  the  mtm  the  iatestiaepaasea 
straight  through  the  bofly,  \\  ilb  the  ornl 
and  anal  apertures  diagonally  opposite  to 
each  otiier.   Ciecal  prolongations  of  the 
stomadiare  extended  through  the  great 
air-sac  of  the  phi/salia.    The  intestine  of 
tlie  alemo0f  like  that  of  the  veroe,  passes 
straight  through  the  axis  of  (be  body* 
i  surroinulcd  below,  at  its  oral  entrance,  by 
'  four  prolonged  marginal  lips,  which  iMive 
here  a  cyluidrioBl  ftnnn,  Hko  lentaeola, 
while  in  the  vtroB  pileu*  the  four  labtal 
appendices  are  broad,  short,  and  mem- 
branousi  folds,  capable  ui  rapid  exteasiou 
and  retractimi.   Tlie  long  tubular  pni* 
boscis  in  the  centre  of  the  lower  part  of 
the  body  of  the  velella,  leads  to  the 
capadoua  atoreaoh  occupying  the  niddla 
and  inferior  ijai  t  of  the  animal,  and  from 
which  minute  orifices  appear  to  cxteTul  to 
the  numerous  tubular  tentacula  placed 
around  the  month.    The  same  plan  of 
structure  is  observed  in  the  minute,  (lelicate, 
and  closely  allied  fiorms  of  tite  por^ita, 
which  have  their  digestive  caiity,  tlie 
only  important  system   yet  (lcvelo])ed, 
protected  above  by  their  internal  skeleton 
as  in  the  ceMlv.  Around  the  deUcate 
margin  of  the  A«reido^  which  was  thought 
by  Peron  and  Lesubur  to  be  agastric, 
there  are  numerous  prominent  papil^, 
the  tubular  passages  of  whioh  lead  to  a 

raparinns  central  stomach.  And  the 
larger  forms  of  m^tMt,  like  inverted 
/oo])hytes  torn  fipom  thek  soUd  axes  and 
floating  through  the  sea  with  their  polypi 
extended  in  all  directions,  have  generally 
luyriadii  of  tubular  ])endcnt  prolongations 
extending  from  their  long  pedlmae^  uad 
leading  to  a  wide  central  ?tomrich  \vhich 
radiates  to  all  parts  of  the  superior  convex 
mantle.  Larger  orifice^  varying  in  immbeB^ 
are  for  the  most  part  also  observed  leading 
into  this  centtul  cavity,  sometimes  central 
and  single,  in  others  more  numerous  and 

dispoMd  aina4te»iddii.«|  tbaiftioBbn 
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concave  surface  (if  tiie  hoAf*  Tile  raini- 

fications  of  these  anastomozing  passages 
leading  from  the  stomach  through  the 
gelatinoue  mande  oF  the  rMxMtonut  to  the 

circular  canal  around  its  tnarghi,  bear 
some  analogy  to  a  chyliferous  system 
connecting  a  digestive  mth  a  circulating 
Apparatus ;  but  the  whole  of  this  vascular 
system  ramified  through  the  cellular  ti«?Tie 
of  their  body,  appears  to  be  only  au  ex- 
tension of  the  common  di|{efltive  and 
absorbent  cavity.  From  the  numerous 
entomoi^traceous  floating  Crustacea,  and 
other  mltlnte  animals  generally  found  in 
the  stomac  hs  of  the  acalepha,  they  ai)|)ear 
to  SMihsist  on  food  more  highly  organized 
than  themselves,  and  divided  by  its  nature 
into  very  minute  parts. 

The  digestive  organ?  of  the  slow -moving, 
thick-skinned,  predaceous  echinoderma  are 
a«  variable  as  their  outward  form,  and 
present  us  the  links  of  transition  from  the 
expanded  and  radiated  alimentary  cavity 
of  the  aealepha^  to  the  long  cylindrical 
intestine  of  the  articulated  classes.  The 
radiating,  ramifvinf^  canals  extending  from 
the  stomach  tiuuugh  the  circular  trans- 
parent disk  of  the  rMmstome,  are  still 
seen  passing  from  the  central  digestive 
sac  of  the  mteriag  through  all  the  radiated 
divisions  of  fti  bodf.    Tire  stomach  of 
the  asterias  opens  in  the  centre  of  the 
lower  surface  of  the  l)odv,  the  most  fre- 
quent position  of  the  mouth  ia  the  cyclo- 
neurose  animals,  and  occupies  the  \\  hole 
central  portion  or  di?l:  of  thr- 1)ody.  But 
extending  from  the  sides  of  this  capacious 
central  digestive  sac  we  observe  two 
ramified  caeca  extending  into  each  of  the 
divisions  of  the  body,  however  numerous 
or  few  these  divisions  may  be  in  the  dif* 
ferent  species,  and  these  ramified  con- 
tinuations of  the  stomach  terminate  in 
little  sacs  generally  filled  with  digested 
matter;  so  that  ^here  there  are  fine  divi- 
sions, as  we  finr!  in  rnosr  of  the  species  of 
this  genus,  there  are  ten  of  those  ramified 
cceca,  and  v^here  the  divisions  are  sixteen 
hi  number,  as  we  frequently  find  in  the 
asfM^ag pappo9a,  there  are  of  course  double 
that  number  of  rami&ed  cxca,  or  thirty- 
two  ejttending  from  Ae  cavitf  of  the 
stomach.  There  are  also  complex  vascular 
apparatuses  connected  with  those  ramify- 
ing cieca,  and  extending  through  the  body, 
which  belong  to  the  circulating  and  to  the 
respiratory  system.    Thus,  then,  tlio  ex- 
crctnentitiouci  matter,  the  residue  ot  di- 
gestion, even   in  those  highly  deve- 
loped  forms  of  the  asterias,  passes  out 
by  the  same  opening  through  which  the 
food  is  introduced  into  the  bod/,  as  in  the 
lowest  monad. 

This  simple  structure  we  find  also  in  the 
turyale  and  in  the  ophiuraf  and  it  is  the 


common  structiu'e  in  most  of  the  stellerida* 

but  in  the  ophiura  and  in  the  etiryalc  the 
whole  of  this  digestive  system,  with  the 
cscca  in  a  rudltitiMtarjr  state,  is  confined 
j  to  the  central  d^p1^^  anrl  does  not  ])ass  into 
j  the  long,  slender,  and  often  ramihed  di' 
visions  of  the  body.   No  cseca  or  other 
digestive  orgsns  extend  beyond  the  cen^ 
I  tral  disk  from  which  the  arms  radiate  in 
these  qphiurts.    In  the  comaiukit  which  is 
apparently  so  clbsely  ilUed  tb  fAnB^iUkrtt 
a  structure  is  observed  more  complex.  A 
j  small  marginal  opening,  not  far  fnun  the 
I  mouth,  is  seen  stt  the  extrbnlity  bf  a  proJ 
j  minent  papilla,  which  is  distinctly  coh- 
I  tinuous  with,  and  forms  the  termination 
I  of,  til e  alimentary  canal;  it  is  a  distinct 
anal  orifice.  That  structure  is  seen  agaifi 
in  the  pentaerimts,  and  it  appear?  fn  have 
been  the  general  structure  of  that  im- 
mense and  now  almost  extinct  fiuiiily  eff 
the  (  T  innid  animals. 

We  have  here  then,  in  these  last  format 
an  alimentary  canal,  consisting  chiefly  of 
stomach,  but  having  a  distinct  intestine 
and  anus,  and  passing  throut»h  the  body  | 
but  in  the  echimuj  the  cidaru,  the  ipatM' 
ffus,  and  other  globdar  forms  of  tire  echl-i 
noderma,  the  nlimcntarv  cfinal  is  of  a  still 
more  elevated  and  perfect  form.  The 
mouth  of  the  itMititi  md  eMM  we  Yme 
already  seen  to  be  provided  with  a  very 
com] ilex  ap])aratus  of  teeth,  lodged  in  lonjj 
solid  alveoli.  From  the  back  part  of  thit 
masticating  sppEiratus,  we  observe  tM 
(esophagus  passinc:  in\vnrd3,  which  en-r 
larges  into  a  small  sac  or  stomach.  In  the 
intwiei^  of  the  body  we  observe  not  onAy 
an  intestine  winding  twice  ronnd  the  whole 
of  the  shell,  and  with  several  partial  en;« 
largements  in  its  course,  but  that  that  hfiC 
testine  is  distinctly  commoted  with  tt4f 
parietes  of  the  shell  by  a  mesenteric  mem-^ 
brane,  and  with  vessels  minutely  ramified 
upon  thif  mesentery.  This  mesenterld 
membrane,  with  distinct  veins  ramify- 
ing upon  itf  is  an  unusual  occurrence 
with  other  kinds  of  aainuds  so  hnw  in  the 
scale,  or  generally  in  the  invertebrated 
animals.  The  intestine,  nfter  leaving  the 
small  stomach,  passes  tu  bu  attached  to 
the  side  of  the  shell,  and  perfonns  a  fevds* 
lution,  thw  rnnncctcd  by  its  mesentery  to 
the  inner  surface  of  the  shell.  It  turns 
again  upon  itself,  and,  wltii  a  reverse  di*i 
rcction,  it  makes  another  convolution,  and 
reaches  the  anus  at  the  diagonally  oppo- 
site extremity,  the  upper  extremity  of  the 
shell,  and  around  this  upper  anal  orifice 
we  ju  rreive  the  five  distinct  openings  fhr 
the  five  oviducts. 

In  the  spatanguSf  we  observe  that  the 
alimentary  canal  is  destitute  of  teeth  at 
other  ma'ticatinn^  nrn;-an«;,  that  the  nc^^ophfl!^ 
gu2i  opcuii  directly  tu\vard:>  the  auterior 
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nargiB  of  fhe  lower  fat  lariaee  of  tfie 

aniiral.  This  asophageal  opening  leads 
to  a  alight  enlargement  or  ftomacfa,  from 
whidi  the  intestine,  omvoted  again  by  a 
mesentery  to  the  fur&ce  of  the  ididl 
within,  completely  passes  round  in  a 
winding  direct  loo,  and  reaches  at  length 
the  anus.  After  perfcHrming  a  dittinct  re* 
Tolution,  attached  by  a  macular  mesen- 
tery to  the  tides  of  the  shell,  it  reaches  the 
Tonnd  anal  orifioeat  the  posterior  margin 
of  the  body.  Here,  in  the  echinida,  there 
appear  to  be  no  caxa  developed  at  any 
part  firom  this  long  cylindrical  convoluted 
aUnentary  canal,  and  that  the  iiiitritiDas 
matter  oTtrncted  in  its  passage  through 
this  cavity,  is  conveyed  by  ve^isels  to  the 
different  parts  of  the  system. 

The  hohfhvria  is  a  lengthened  eeMmu^ 
deprived  of  its  calcareous  exterior  cmsti 
aal  we  observe  in  it  a  more  straight  and 
lengthened  form  of  the  alimentary  canal. 
Those  vermiform  holothirriic  have  the  an- 
terior part  of  tlieij-  digestive  apparatus 
proved  with  long  branching  tentacula 
dispowcd  in  elegant  tufts,  which  arc  placed 
around  the  mouth.  The  entrance  of  the 
cesophagus  is  provided  with  solid  parts, 
which  \\c  lia\.:  already  seen  consist- 
ing of  five  paird  of  distinct  calcareous 
jiieiBes,  like  the  alveoli  of  an  echinus,  giv 
ing  attachment  to  the  muscles  that  ex- 
tend alone^  the  sides  of  the  body.  The 
cesophagus  leadai  into  a  somewhat  larger 
cavity*  which,  in  the  specimens  before 
you,  yon  observe  filled  with  sand  and 
shells — this  slightly  dilated  part  is  the 
whole  of  their  stomach.  From  this  the 
intestine,  attached  to  the  right  side  by  a 
vascular  mesentery,  makes  a  slight  con- 
volution, and  tenniuates  below  in  a  wide 
ganeral  receptacle  or  cloaca ;  this  cloaca 
commtinicates  with  the  intestine,  and  with 
those  internal  ramified  tubular  respiratory 
organs.  The  respbation  is  here  effected 
throupli  the  anus,  by  drawing  in  water 
through  the  cloaca,  and  conveying  it 
through  all  this  ramified  respiratory  ap- 
paratus, which  you  perceive  extending 
upwards  through  the  general  abdominal 
cavity.  In  the  iojig  veriuiform  body  of 
fhe  gipuncttha,  the  teeth,  wMdi  have  al- 
ready lost  their  calcareous  matter  in  the 
vriapula^  are  altogether  wanting,  and  the 
wng  convoluted  intestine  is  almost  with- 
<^nt  a  stomaeh  or  perceptible  enlarge- 
ment. 

In  the  lowest  classes  of  animals,  we  thus 
observe  that  the  digestive  apparatua^  the 
first  developed,  the  most  essential,  and 
the  most  universal  system  of  organized 
beings,  constitutes  almost  the  entira  body. 
The  flpTisr  nnd  dfirk  and  moving  element 
of  the  ocean,  is  less  fitted  for  the  develop- 
■Mnt  €l  the  JUed  and  tender  vegetable 


jlbrma,  tAan  for  fhe  free>movfaif^  wattr* 

j  breathing  forms  of  animals,  and  hem  c  we 
:  perceive  that  these  lowest  classes  of  ani- 
mals are  not  only  all  aquatic,  and  ahooit 
idl  marine,  but  Uiat  they  are  all  cartdvo. 
rous,  all  voracious,  and  all  stomach.  Tlic 
excavated  cellular  tissiie  of  the  monad, 
and  of  higher  polyganiricat  is  but  a  re* 
ccptacle  for  ori^nized  floating  particles, 
or  minuter  animalcules.  The  por^tn 
are  abeoriient  and  digestive  at  everf 
point  of  the  exterior  and  interior  of  their 
body,  to  which  the  food  has  the  freest 
access  by  the  canals  and  currents  that 
everywhere  permeate  their  cellular  siib* 
stance,  and  the  zoophytes  are  covered  orer 
with  prehensile,  digestive,  and  ever-hun< 
gry  stomachs.  The  floating,  stinging  ex- 
cavated bodies  of  the  ncalopha,  are  bnt 
hollow,  hungry,  overgrown  polypi,  let 
loose  through  the  sea,  to  prey  upon  afl 
that  they  encounter,  and  the  shielded 
bodies  of  the  slow-creeping  echinoderm 
only  enable  them  to  engage  in  more 
hardy  contests,  to  gmrge  their  capadcMN 
and  'distensible  atomachs  with  prqr  SB 
the  rocky  shores. 
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ON  FRACTURES  OF  THE  PATELLA. 

Fractu&ks  of  the  patella,  Gentlcmeo, 
present  several  points  worthy  of  ezami* 

nation,  upon  which  the  opinions  of  au- 
thors are  still  divided, — these  arc,  princi- 
pally, the  mechanism  by  which  these  ioju- 
ries  are '  occasioned,  the  treatment,  or 
rather  apparatus,  most  likely  to  produce 
a  cm'e,  the  formation  of  callus,  and,  finally, 
the  pcKBslbility  of  obtaining  an  immediate 
union  of  the  fragments.  Since  the  com- 
mencement of  this  season,  we  have  bad 
occasion  to  treat  six  individuali  in  tbs 
hospital  aflfected  with  fracture  of  the  pa- 
tella; in  all  these  cases  the  solutiou  of 
continuity  was  horizontal ;  five  of  these 
have  been  perfectly  cured  without  any 
deformity,  and  have  recovered  the  entire 
and  free  use  of  the  injured  extremi^i  the 
remaining  case  is  still  under  treatment- 

T!  -:  fr  i(  tr.rc  in  this  latter  instance  was 
produced  by  a  fall  upon  the  left  knee,  and 
accofiipiimed  by  vomiUt^rabk  tmnclactioni 
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LECTURE  XUL 

ON   TFIR  DIGESTIVE   ORGANS   OP  THE 
ARTICULATBD    OB  DIPLO-NBUROSE 

CLASSES. 

The  perfection  of  outward  forms  is  more 
itn])ortntit  in  the  economy  of  nature  than 
that  of  individual  parts,  whether  of  or 
ganized  or  iuorgaoic  bodies,  because  it  ia 
i>rincipally  by  their  exterior  that  the  re- 
lationa  of  objects  are  established  with  sur- 
Toanding  nature.  The  long  cylindrical 
•erpetttlne  fbrm  of  the  body  in  aU  the  hel- 
minthoid  and  entomoid  clames  it  that  belt 
Btiitod  fov  the  creeping,  piercing,  sucking, 
carnivorous,  ami  parasitic  propensities,  so 
remarkably  characteristic  of  this  great 
articulated  division  of  the  animal  kingdom, 
and  their  internal  organs,  especially  the 
digestive,  pettake  of  this  lengthened  form. 
We  have  seen  in  the  radiated  classes  of 
animals,  that  the  development  of  the  in- 
ternal organs,  like  the  external  form  of  the 
body,  is  chiefly  from  a  central  point,  or 
from  a  short  axis,  toward*  the  sides  or  peri- 
phery of  the  body,  and  that  the  shortness 
of  tbeir  expanded  and  capadont  digestive 
cavity  enables  them  often  to  dispense  with  a 
second  orifice  to  their  alimentary  canal — 
their  intestine  radiates  in  simple  or  nuni- 
llfid  cma  fkom  a  ceatnl  im.  But  as  we 

No.  &7L 


were  led,  in  pursuit^;  these  radiated  forms, 
from  the  globular  bodies  of  the  monads^ 
with  their  cseca  radiating  from  a  central 
monostomsAons  sac,  to  the  long  vermiform 
bodies  of  the  holot}ivruT  and  npunetdi, 
with  their  extended  alimentary  tnl^  open" 
ing  by  two  terminal  orifices;  so  we  are 
led,  in  pursuing  the  articulated  forms,  from 
the  long  serpentine  bodies  of  the  worms 
and  the  winged  serpents  of  the  air,  the 
insects,  to  the  short  and  broad  bodies  of 
the  brachiourous  decapods,  which  lead  us 
to  the  molluscous  forms.  The  carnivo« 
rons  character  these  ardculated  dassM, 
and  the  highly-organized  condition  of  their 
prey,  are  indicated  both  by  the  limited 
capacity  of  their  straight  alimentary  ca- 
na^  which  almost  always  opens  at  the  two 
opposite  extremities  of  the  body,  and  by 
the  destructive  prehensile  instruments 
placea  at  its  commencement.  They  are 
almost  all  free  animals,  and  for  the  most 
part  possessing  power  of  rapid  locomo- 
tion, so  that,  with  their  highly  developed 
nervous  system  and  organs  of  sense,  they 
are  well  adapted  to  satisfy  their  carnivo- 
rous instincts,  by  distinguishing  and  over* 
talcing  the  roost  highly  organized  and  the 
most  suitable  prey. 

As  the  digestive  organs  of  the  eariicU' 
fata  have  thus  their  mn  impressed  both 
by  the  length mrd  narrow  form  of  their 
body  and  their  predaceoua  propensities, 
we  observe  great  unUSsrmity  in  the  plan 
of  structure  throughout  these  classes; 
indeed  we  still  recognise  in  these  ani- 
mals the  digestive  apparatus  of  the  worm, 
whether  we  observe  them,  like  the  ento* 
ran,  bnnci!  in  the  w^rm  flesh  of  living 
animals,  or  sucking,  like  larvs,  the  putrid 
fluids  of  the  dead ;  whether  we  observe 
their  worm-like  trunks  devouring  the  liv- 
ing prey  which  they  have  seized  in  their 
airy  nets,  like  the  arachnida,  or  taking  it 
by  surprise  in  dark  recesses, like  the  myri- 
apods  upon  the  land,  or  encountering  it  at 
the  bottom  of  the  sea,  like  the  Crustacea, 
or  pursuing  it  throngh  the  air  mounted  on 
V.  itiu'^,  like  a  pegasns.  Thc?p  various  classes 
present  only  different  modes  of  convey- 
ing the  same  straight,  narrow,  simple,  di- 
gestive appanlut  to  its  destined  food. 
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The  simplest  forms  of  the  alimcntan'  cn- 
▼ity  met  with  in  the  articulated  animaUi 
•r«  thoee  of  the  inteatiiial  wonne,  which  are 

all  parasitic  and  carnivorous,  feeding  only 
upon  living  prey.  Wespethis  blood-thirsty 
character  manifested  also  iu  many  of  the 
helminthoid  uiiauili»  which  are  not  intes- 
tinal, in  some  even  of  the  red-blooded 
worms,  a«  in  the  common  Itech^  in  the 
pml^MOhtt  Mid  many  others.  We  tee  it 
niorr  or  less  througllOttt  the  classes  even 
of  articulated  animals  with  articulated 
members,  that  feed  generally  upon  living 
prey,  or  suck  the  fluids  from  the  CHGMses 
of  the  dead.  Now  this  carnivorous  and 
cruel  disposition,  which  is  so  extensively 
ttaallhated  throughout  the  articiilated 
classes  of  animals,  corres])on*!s  with  the 
contracted  and  abbreviated  character  we 
observe  in  their  alimentary  canal.  We 
have  seen  already,  in  speaking  of  the  hard 
parts  of  these  aiumats,  the  complicated 
masticating  ^>paratus,  moving  laterally, 
wliich  if  fo  ^nerally  placed  at  the  sides 
of  the  mouth,  in  the  form  of  mandibles  and 
maiiiilgi  in  the  higher  articulated  classes. 
We  baveteen  atao  the  oompllcated  organs 
of  the  senses  placed  in  the  vicinity  of  the 
entrapre  to  their  alimentary  canal,  the 
palpi  so  numerously  attached  to  ilie  jaw 
the  antennae  also,  fo  extwded  and  nume- 
rous, the  orf»fiTis  of  hearing,  and  the  com- 
plicated and  delicate  organs  of  vision 
which  th^  fo  commonly  present  *Now 
we  observe,  as  a  character  of  the  aliment- 
ary canal,  rrmarkaT)1e  for  its  constan<*y  in 
these  articulatcil  auiuHild,  that  it  passes 
in  the  shortest  distance,  longitudmally, 
through  the  body,  from  the  mouth  to  the 
anus,  and  that  for  the  most  part  it  passes 
without  oonvolntioQS,  and  with  few  en- 
largements in  it^  course.  It  is  true, 
however,  that  many  of  the  forms  be- 
longing to  this  extensive  group  are  or- 
gai^Mato  feed  npcm vegetable  substances, 
for  we  are  now  speaking  of  a  division 
of  the  animal  kingdom  that  doubles  all 
tbe  fest  of  the  dasses  taken  together. 
But  in  those  of  which  the  food  consists  of 
vegetable  substances,  we  find  that  the 
alimentary  canal  is  proportionally  longer, 
wider,  and  mora  convoluted,  and  that  it 
has  larger  cavities  and  gland?  developed 
in  its  course,  thus  corresponding  with  the 
varieties  of  die  aUraantary  canuin  higher 
divisions  of  the  animal  kingdom,  wlu  re 
the  mucous  lining  of  the  digestive  cavities 
is  always  mora  developed  in  phytophagous 
animals,  and  the  outer  leraiis  covering  in 
carnivorous  species. 

In  the  ckii:*  of  entozoa  we  meet  with 
the  first  stage  of  tbe  various  systems  of 
articulata,  and  some  forms  of  the  diges- 
tive cavity  here  present  t!u  luselves,  evt^u 
simpler  than  ia  the  pol)  ga^triou  In  the 


hydatid,  as  in  the  hydra,  there  is  a  simple 
digestive  bag,  with  a  single  orifice  or 
month.  IMS  mootb  is  a  smaU  perftnrated 

l)apilla  placed  at  the  extremity  of  a  long 
neck,  which  is  generally  capable  of  being 
distended  according  to  the  quantity  of 
fluids  imbibed,  so  as  to  cause  this  neck 
almost  entirely  to  disappear,  and  the 
whole  body  thus  distended,  appears  as 
a  thin,  white,  digestive,  transparent  bag, 
with  a  small  oi);u[ue  head.  There  are 
also  four  lateral,  round,  projecting  pa- 
pillae around  the  head,  by  means  of  which 
the  hydatid  or  cysticercut  appears  to  ba 
fixed ;  and  the  tMiddle  oral  papilla  is  sur- 
rounded by  a  double  row  of  extremely 
minute  sharp  spines^  a  spiny  structore 
wliirh  we  see  around  the  absorbciit  orifices 
or  beads  of  most  of  the  intestinal  worms. 
A  remarkable  form  erf  these  parenchyma- 
tous entozoa  occurs  in  this  ctenunu^  the 
form  of  hydatid  fonnd  so  often  in  the 
brain  of  quadrupeds,  it  appears  to  the 
naked  eya  Uka  a  large,  whitisb,  single, 
translucent,  very  delioite  sac.  On  look- 
ing, however,  attentively  at  the  surface, 
you  perceive,  inslsai  off  an  opaque  point 
to  indicate  the  mouth  or  head,  a  nume- 
rous rongerics  of  those  opaqiie  whit- 
ish points  whicli  indicate  uuiuerous  heads, 
similarly  constructed  in  all  raspacta  to 
those  of  the  single  hydatids — mimerous 
mouths  here  leading  into  the  same  diges- 
tive cavity.  *nia  Mnninis  Is  thus  dis- 
tinctly, what  has  commonly  been  called, 
a  componnd  animal,  although  hclonging^ 
to  the  ciass  entozoa.  We  have  thes«  so- 
named  compound  animals  with  many 
heads  in  the  first  division  of  the  animal 
kingdom,  common  in  the  zoophytes,  where 
many  months  lead  into  one  anfansl.  We 
have  these  coinjiound  animals  nlso  in  the 
first  division  of  the  moIlu:;cous  animals, 
common  in  the  tunicated  class.  The  sin- 
gle orifice  of  the  hydatids  roust  serve  both 
as  mouth  and  anus,  if  excrementitious  mat- 
ter is  at  any  time  discharged  from  their 
body. 

There  arc  many  of  the  entozoa  which 
have  a  more  compUcated  form  of  digestive 
apparatus,  bat  which  yet  present  no  trace 
of  an  anal  Ortfice  distinct  from  the  mouth. 
This  is  the  case  with  the  long  flat  ttenur^ 
and  with  a  number  of  what  Baron  Cc- 
VIBE  tenned  parenchymatous  entocoa, 
w  here  the  digestive  matter,  taken  in  by 
the  numerous  absorbent  mouths,  passes 
through  the  parenchymatous  or  cellular 
texture  of  the  body,  without  its  ibrmfaig 
excrementitious  matter,  to  he  dischargeil 
by  a  distinct  anal  orifice.  The  taenia;  are 
sometimes  a  hundred  feet  and  more  in 
length,  each  txnia  forming  an  aggregate 
auimal,  consisting  of  a  long  concatenation 
of  individuals,  all  of  which  have  a  distinct 
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Ifetond  tnetith,  a  distinct  digestive  appara- 
tB%  Mid  ^aClnct  generative  orgiim.  Oa 
•Madaiftg  the  anterior  tenainatiou  of  the 
body,  koweref)  of  this  kmg  jofated  and  flat- 
tened worm,  we  observe  a^ain,  as  in  the 
hydatid  and  ctEnurua,  four  prominent  lateral 
papUla>t  or  mpfvadkmh  etfteadiag  from 
sides  of  the  >icad,  which  secure  the  hold  or 
attacbm^t  of  the  worm,  and  Miw  eon- 
Mcted  to  Hm  tnmk  bf  t  luck  «f  grMt 
delicacy  and  softness,  this  rounded  bead 
it  sfldnm  found  in  the  tjenia?  collected  in 
cabinets,  being  generally  left  adhering  by 
its  lateral  wokwrSk  In  ths  bodie*  iirom 
which  the  ^vnrm3  were  taken.  The  cen- 
tral perlbraked  oral  papilla  is  surrounded 
with  tMUi,  in  Hie  bydtttid.  Th«t  tbe 
ftrst  segment  of  the  body  is  already  very 
difl«rently  organized  from  the  rest  in 
these  jointed  worms,  where  tliere  are  yet 
no  organs  of  sense  developed  from  the 
bead.  In  Ute  t4tivfj  rrfj.^ifimni^  there  are 
six  very  prominent  stickers  disposed  around 
Hm  b«M,  «ihI  tiM  nraal  dovbls  iw  «f  ibarp 
recurved  Bpincs  surround  the  hflwof  the 
central,  oral,  tenniual  papilla. 

The  alimentary  canal  in  theie  lute  ex* 
tends  along  the  two  sides  of  the  whole  body, 
and  these  t\vo  lateral  longitudinal  intes- 
tines contmumcate  with  each  other  by 
mme  «f  »  tnmwmm  ilnight  mml  at 
the  junction  of  all  the  segments  with  each 
other.  Each  segment  is  thus  surrounded 
bv  an  alimentary  canal,  wbidi  conimu- 
Minm  Mt  OAly  with  those  of  the  adjoin- 
ing segments,  but  also  with  the  f^nrfacc,  by 
means  of  those  prominent  iateral  pepillse 
which  you  perceive  placed,  in  variable 
number,  along  the  whnle  sides  of  the 
tape-worms.  It  would  therefore  appear 
that  the  Soldi  MMhed  lato  these  canals, 
as  in  the  caenurus  and  hydatid,  and  most 
of  the  parenchyma.toiis  entozoa,  were  ap- 
plied entirely  to  the  nourishment  and 
growth  of  the  body.  As  the  segments  are 
thtis  provided  with  lateral  mouths  leading 
into  their  einmlar  intestine,  these  worms 
may  eoMtfakae  to  abeorb  and  to  Hfie  aftsr 
they  have  been  torn  into  many  pieces. 
Along  the  middle  of  the  body  we  observe 
a  longitudinal  central  canal  passing  through 
aH^  segments,  and  communicating  with 
the  ovaries  (which  you  observe  filled  with 
mercury),  and  occupying  the  centre  of 
eaeh  eegroent  in  Um  Injected  specimens 
before  }'oti.  Each  ovary  has  its  oviduct 
extending  to  the  side  the  &egment»  and  a 
gUndular  sac  conimnaioating  with  teduct, 
eensidswd  by  Ntizsch  as  a  testicle ;  so  that 
each  segment,  thus  provided  with  distinct 
digestive  and  generative  apparatus,  ma.y 
he  Mgatded  as  a  separate  animal,  or 
easily  sitsceptible  of  indeprndont  exist- 
ence.  The  dutoma  hepaticum  i§  iiki:  one 

Ip-oftt  segment  of  the  Hwihi  won  hij^uiy 


ori^anized,  in  which  wc  petceivc,  descend- 
ing from  the  mouth,  two  r&roifled  intes- 
tines extending  parallel  near  the  nddAeof 
the  body ;  t^  ovaries  exUsid  along  the 
sides,  and  two  reTTtml  parallel  nervous 
filaments  are  seen  united  below  the  ossoph- 
ag«s»  had  ftmlfying  aroond  thai  pMsagaw 
In  the  long  cylindrical  and  more  perfect 
forms  of  the  entoeoa,  the  alimentary  canal 
is  provided,  as  in  Hm  esMrif  and  many 
similar  genera,  with  two  apertures.  The 
oval  aperture  is  generally  terminal  at  the 
anterior  part  of  the  bmiy,  and  provided 
with  a  distinct  muscular  ^>paratus  Mi 
move  the  surface  of  the  sk^n,  nnd  the  pro- 
riunent  retractile  lips.  The  three  oral 
lobes,  with  their  mlttuta  teeth  In  iMs 
minute  intestinal  worm,  present  us  with 
a  miniature  representation  of  the  masti* 
eating  apx>arutu8  of  the  kech.  The  ante- 
rior part  of  the  alimentary  canal,  into 
which  this  mouth  lends  in  the  asraris,  if 
strong  and  muscuia4-.  It  is  dilated  in 
form  Hhe  a  small  stoMadh,  Hnoagh  son- 
si<lcied  as  the  oesophai^ns,  and  with  thick 
muscular  parietes.  It  is  situated  like  the 
stomach  of  the  crabs.  It  is  amtracted  at 
its  lower  exireailtyt  had  ftnm  this  mns- 
ctilar  a-^ophas:?!?  commences  a  more  ©!• 
tended  and  wide  portion  of  the  alimentafjr 
oanal.  Hits  whsleaUmentafyeanalpasssa 
in  a  straight  line  from  the  mouth  to  the 
anus,  the  anus  being  at  the  opposite  ex- 
tremity of  the  body  on  the  lowsr  tnrliea. 
In  the  course  of  this  strait  lower  dilated 
part  of  the  idimentary  canal,  numerous 
minute  appendices  open  and  ramify  late^ 
rally,  which  appear  to  receive  the  more 
highly  nutritious  and  digested  part  ot  the 
food,  and  perhaps  to  afford  some  s«»etioa 
to  mingle  iHthllihr  the  purpose  of  eanshiir 
a  more  complete  digestion  of  the  soft  mat-- 
ters  which  thepe  worms  absorb  from  the 
interior  of  the  intestines  in  which  they 
occur. 

This  form  of  tlie  digeati^-e  organs, 
which  is  common  to  most  of  the  long  cy* 
Httdricel  fiMform   entSRoa,  approaeliea 

the  nearoj^t  to  that  of  the  haliiJiea,  the 
hirxido,  and  many  of  the  higher  red- 
blooded  worms,  where  we  observe  the 
same  straight  alimentary  canal,  open  at 
both  end<?,  with  a  dilated  opsophapeal  pOT* 
tion,  and  with  numerous  cscca,  oiten  ra- 
mified, developed  regularly  fnm  Its  aMes. 
In  the  hiyh.i  t  nnlnials  of  this  class,  a» 
the  lemaa  and  lamprogknot  which  have  a 
more  entomoid  form,  and  sn^  the  blood 
from  the  delicate  ))arts  of  the  surface  of 
iqnntie  nnimals,  the  mouth  is  provided 
with  rudimentary  uniform  mandibles, 
adapted  to  tear  the  sutfeoe  to  which  they 
adhere^  and  their  intestine  passes  sh-nicrht, 
short,  Mid  wide»  6tMB  the  mouth  lo  the 
anus,  sarrenaM  In  Its  eemrse  threagli 
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iliitnmk  by  the  numerous  lobes  of  the. 
11f«r,  which,  lint  fimned  of  aD  fhe  chylo- 1 

poietic  glands,  fills  a  great  portion  of  the 
trunk  here,  as  in  the  higher  articuUtod 
(dasses  of  insects  and  crustacea. 
.  Tb%  fotlfeRNM  aainiftlt,  thoagh  minute 
and  very  transparent  in  th<»ir  torture,  are 
powerful,  muscular,  and  carnivorous  ani- 
niab,  with  ftrons,  lateral,  serrated  jawe, 
moved  by  large  mii^clca,  and  which  ap- 
pear in  incessant  action  while  they  are 
•orrounded  by  animalcules.  Their  ali- 
inentwy  oaalis  generally  short,  straight, 
and  capacious,  with  enlargements  in  its 
course,  which  vary  in  their  fonns  in  the 
different  species.   In  tome,  the  intestine 

forms  a  uniform,  Inng,  imdi\'idcri  sar,  as 
we  see  in  the  hydatina  9mta,  oue  of  those 
minute  and  very  transparent  wheel-ani- 
malcules that  so  much  ahound  everywhere 
in  the  fresh-water  pond?.  We  observe  in 
thotie  beautiful,  tiansparent,  and  colour- 
less anii]ia]s,Ettro«lg  muscular  apparatus, 
forming  a  round  mass  within  the  bc.ifl  for 
moving  the  mandibles.  Those  mandibles 
move  tnmavorsely,  and  are  powerAil,  and 
of  a  homy,  firm  texture,  although  be- 
lonc:inc^  to  so  soft,  delicate,  and  trans- 
parent au  animalcule.  From  the  oeso- 
fftlMgai^  which  is  generally  a  very  narrow 
part  opening  imme(li:LCL ly  behind  the 
mouth  aud  jaws,  the  aUinentary  canal  de- 
leendiintoalengthenedlohed  cavity,  form- 
inL,'alarge  dislLiuIrd  stomach.  Thia  wide 
portion  is  of  various  fonns  in  the  different 
kinds  of  rotiferous  animacules.  In  some 
it  is  more  globular,  as  in  the  enteropiea^ 
difflenOt  <tj/vrha€ta,  and  brachiontu.  In 
others,  as  in  this  hydatura  senta  {F^.  126, 
g  h  Vol.  II.  p.  291),  which  is  one  of 
the  vorticelUc  of  the  older  writers,  the 
alimentary  canal  is  of  a  more  lengthened 
And  tapering  form,  the  part  considered 
MMlogons  to  the  stomach.  It  passes 
nearly  in  a  straight  line  through  the  body, 
however,  aud  terminates  towards  the  dij>tal 
6Ktwmity  in  a  general  passi^  or  cloaca — 
a  cloaca  which  nlso  receives  the  tcriui- 
natuins  of  the  female  and  of  the  supposed 
male  organs,  as  teen  in  the  magnified  re- 
presentations before  you.  This  then  is 
the  common  character  of  tlieir  aliTnentary 
canal,  and  we  still  perceive  the  caiiiivo- 
Kous  type  indicated  in  its  shortness  aud  its 
etrat^htness,  andiatho  OTgMis  with  which 
it  is  provided. 

It  is  narrow  and  cy1indri<»l  through- 
out in  the  rotifer  vulgarvi,  with  a  v-ind- 
ing  direction  from  the  mouth  to  near 
tltm  auus,  where  it  enlarges  suddenly 
fiito  a  globular  sac.  The  lower  port 
of  the  intestine  is  slightly  curved  up- 
waixls  upon  itself  in  the  bracAtonus  ur- 
Mafarif  and  fUroima  paHma,  snd  it  pro- 
asati  innumerable  short  csecal  prodonga- 


,  tions  extending  firom  around  its  sidc&,  like 
I  those  of  an  annelide  in  iSb%  pkUoiina 

roseola.  The  stomach  and  the  whole  ali- 
mentary canal  move  freely  and  loosely 
backwards  and  forwards,  by  means  of  long 
sad  slender  muscles,  in  the  wide  trans* 
parent  bodies  of  these  minute  animals, 
and  the  two  glandular  sacs  of  variable 
form,  attached  to  the  sides  of  their  sto- 

■rnach,  arc  movcfl  to  and  fro  with  that  « 
organ.  Although  their  large  round  mas- 
ticating apparatus  of  muscles  and  jaws, 
is  in  continual  motion,  advancing  and 
retreating,  and  «eizing  and  squeezing  the 
animalcules  which  are  drawn  into  the 
vortex  produced  hjr  th^  vibrating  cilis, 
we  ran  frequently  recognise  entire  nni- 
malcules  within  their  capacious  digestive 
sac.  These  animals  fireqitently  present 
large  ctccal  appendices  prolonged  from  the 
sides  of  their  stomach  Idee  those  of  cirrho- 
poda,  as  we  see  in  the  megalotrocha  aU§ 
and  the  digUna  lactutru. 

The  digestive  and  inasticatini^  apparatus 
of  the  cirrhopods  present  the  same  dose 
aiHniaes  to  Oune  of  the  articidated  cbisei 
which  we  observed  in  their  external  parts 
and  in  their  organs  of  animal  life.  They 
are  provided  with  mandibles  which  move 
transversely,  wiUi  a  pair  of  maxillsB,  and 
even  with  rudimentan'  ?nft  palpi  attached 
to  tiie  roaiullae.   The  mouth  opens  into  a 
short,  contracted  oesophagus,  provided 
with  two  salivary  glands,  and  this  into  a 
distended  stomach,  w  hic  h  is  sacculated, 
provided  with  two  caecal  appendices,  and 
closely  surrounded  by  the  liver.  The 
numerous  small  compacted  lobes  of  the 
liver  open  freely  by  short  ducts  with  wide 
orifices  into  the  cavity  of  the  stomsdi* 
From  the  stomach  the  wide  and  loose  in* 
testine  passes  along  the  dorsal  part  of  the 
body,  fcdlowing  its  curved  direction,  and 
without  any  Goavolntlons.    The  body 
itself  assumes  a  curved  form,  the  head  of 
the  animal  being  fixed  by  muscles  oL  at- 
tachment near  the  bottom  or  fixed  part  sf 
the  shell,  and  its  back  brinp  bent  alontr 
the  dorsal  closed  part,  so  that  the  anal  uor- 
tloiiof  thelntestine  is  prolonged  beyond  the 
termination  of  the  trunk.   It  is  prolonged 
into  the  base  of  a  long  tubidar  funnel, 
which  is  seen  iu  the  specimens  before  VOU 
projecting  dow  nwards  from  between  the 
miiiille  of  the  long  curled  feet.   The  dif- 
ference of  the  light  colour  of  that  loaS 
slender  annulated  and  tapering  proboscis 
at  once  enables  you  to  distinguish  it  io 
the  centre  of  these  lorip  cirrhated  tad 
curled  leet.    This  piolougcd  termination 
of  the  intestine  and  oviduct  is  obviou^ 
necessary  in    articulated  and  enclosed 
animals  of  this  kind,  for  if  the  excremen- 
titiotts  matter  ami  ova  had  hsea  dii" 
cbaived  into  the  ca?ity  of  the  mantle  lad 
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of  tiie  shell,  into  which  the  water  is  con- 
stantly drawn  from  respiration,  it  Is  ob- 
vious that  it  would  have  put  the  animal  to 

great  inconvenience.  These  excremen- 
titious  matters  are  therefore  conveyed  as 
hit  aa  possible  beyond  tlic  contact  of  the 
respiratory  and  other  delicate  organs  in- 
closed within  the  shell,  by  means  of  this 
lenffthened  ftmnd-sbaped  and  transversely 
Striatffl  tube.  These  cirihopods  appear 
to  feed  only  on  the  minute  floating  animals 
or  particles  of  organic  matter  brought 
within  reach  of  their  mouth  by  the  cur- 
rents of  water  drawn  into  their  nmntle  for 
respiration.  The  uuuierous  perforations 
of  their  itomach  by  the  short  hepatic 
ducts  which  open  into  it,  approxitnatc 
lllis  part  of  their  stinicture  to  the  corre- 
qMnding  organs  of  the  molluscous  classes. 

The  annelides,  or  red-blooded  worms, 
are  more  diversified  in  their  forms,  habits, 
and  kind  of  food,  than  the  other  smaller 
hclminthoid  ehwses,  and  they  present 
therefore  a  cont-iderabic  v^iriefy  in  the 
form  and  structure  of  their  digestive  appa- 
nttu^  and  especially  in  flieir  organs  of 
mastication,  which  are  often  numerous 
and  complicated,  and  in  others  entirely 
wanting.  As  in  the  simple  uematoid  en- 
tozoa,  we  observe  tho  alimentary  canal  of 
the  naide*  passing  straight  through  the 
body,  without  enlargement  or  convwittion, 
and  with  its  two  openings  terminal  and  of 
the  simplest  strocturc.  In  the  earth-worm 
there  is  a  large  upper  and  a  snnnllcr  lower 
lip  po6sctidiiig  great  scnsibilit}  ,  and  from 
the  wide  cavity  of  the  mouth  a  namwer 
portion,  the  ffsophagus,  leads  to  a  saccu- 
lated and  dilated  part  of  the  canal,  form- 
ing three  cavities  of  tiie  stomach,  placed 

immediately  Ijohlnd  tlic  ^ceiiital  oi-f^ans, 
and  about  a  third  from  the  anterior  ex- 
tremity of  the  animal's  body.  This  sto- 
mach  presents  a  distended  and  lobed  ap- 
pearance, and  opens  into  a  sjnaller  part  of 
the  intestine,  which  continues  slightly  tor- 
tnooa  along  the  middle  of  the  traak,  and 
gradtially  enlarging  as  it  descends  to  the 
anus,  where  distinct  levator  and  sphincter 
musdes  can  be  detected.  The  exterior 
of  the  intestine  from  the  stomach  to  near 
it"  termination  is  surrounded  by  a  layer 
of  glandular  follicles,  considered  as  the 
liver  in  this  worm.  The  whole  aliment- 
ary canal  is  generally  found  filled  with 
moist  earth  and  soil,  which  the  carth-wcrm 
la  inoessanthr  conveying  through  its  body 
in  order  to  feed  upon  the  organized  par- 
ticles in  that  matter.  The  inte^titie  i?  nl?o 
very  capacioui^,  and  mure  turtuuus,  iu  Lite 
delicate  transparent  bod^  of  the  peetinaria 
and  in  the  arenieola,  which  arc  constantly 
transmitting  the  moist  sands  of  the  sea 
thpough  their  alimentanr  canal  to  extract 
.  the  loodf  of  variona  kinds*  which  ii  mised 


with  them.  In  the  nereidet  there  is  gone" 
rally  a  strong  and  broad  probosds,  often 

Jiumeroua  jaws  moving  trans\Ti  st  ly,  a 
distinct  stomach  with  longitudinal  folds, 
aud  containing  horny  teeth,  as  is  common 
in  insects,  and  the  greater  portion  of  the 
intestine  is  provided  with  lateral  caeca,  as 
in  most  of  the  higher  annelides.  From  the 
part  of  the  intestine  where  these  laMral 
prolongations  or  c;eca  erase  to  be  deve- 
loped, the  rectum  passes  straight  to  the 
anus. 

Tlic  same  structure  of  the  alimentary 
canal  has  been  long  known  to  exist  in 
the  common  ieech,  by  the  dissections  of 
Delle  Chiaie^  Meckel,  and  many  others. 
The  lateral  undi\ided  csca  increase  in 
»izc  in  the  leech  as  we  pass  backwards 
along  the  alimentary  canal,  and -the  pos- 
terior pair  of  caeca,  much  larger  than  the 
others,  extend  backwards  along  the  sides 
of  the  rectum,  as  you  observe  carefully 
figtu«d  in  these  plates  of  Weber.  The  three 
jaws  of  these  animals,  surronnded  by  a 
muscular  sucker,  and  armed  each  with  a 
double  row  of  shvp  teeth,  are  not  employed 
solely  in  sucking  the  fluids  from  the  larger 
living  animals.  They  live  on  the  smaller 
aquatic  animals  w  lucli  bwai  m  around  them 
in  the  stagnant  waters  they  frequent.  I 
have  found  the  entire  legs  and  other  parts 
of  the  common  triton,  triton  eriitatui,  un- 
digested in  the  stomach  of  the  Mrui»  «m* 
ffuimgot  so  common  in  all  our  stagnant 
fresh-water  pools.  The  small  mouth  aud 
short  membranous  oesophagus  of  the  sea- 
monae  or  kalithea  aeuleaia,  lead  to  a  wide 
large  mnsc^dar  stomach  with  firm  thick 
parietes,  and  provided  at  its  entrance  with 
four  sh»rp  triangular  homy  teeth ;  ao  that 
this  cavity  has  already  an  analof^*  tn 
the  strong  muscular  and  toothed  stomach 
of  the  Crustacea,  and  the  toothed  gizzard 
of  insects  and  many  other  animals.  Thia 
dilated  muscular  sac  is  seen,  though  less 
developed,  in  the  arentcoia,  the  lumbricu*, 
and  many  of  the  inferior  anneildet. 

This  firm  muscular  sac  }ou  ohservo 
opened  in  this  specimen  of  the  aphrodita 
whaHtkta*  The  positfcm  and  the  nature  of 
that  circumscribed  sac  in  the  red-blooded 
worms  thus  hIso  corresponds  with  the 
common  character  of  the  first  part  of  tiio 
alimentary  canal  fat  the  nematoid  or  moat 
perfect  of  the  entozoa.  From  this  sac, 
strong  and  muscular,  we  observe  in  the 
halithea  the  Intestiiud  canal  wide,  thin, 
and  membranous,  passing  in  a  straight  line 
along  the  whole  of  the  remaining  extent  of 
the  body.  Here  it  is  loose  and  thin  in  its 
parietes,  extremely  dQataMe,  and  haa 
throughout  its  whole  course  numeroiia 
long  subdivided  and  ramified  casea  deve- 
veloped  from  ita  sides.  Those  ranilAed 
cm  in  the  specimens  befove  you,  yon 
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wiU  oiMierv*  lo  Iw  AUad  witb  a  QumAtf  of 
tte  madk  MM  Immnlth-oolMired  di- 
gested matter  of  the  food.  These  two 
rows  of  caeca  come  oft  close  to  each  other 
Du  th£  dorsal  side  of  the  intestine,  by  nar^ 
tmr  orifices,  cxtendiag  in  ramifications  to 
either  side-  They  pvcsrnt  the  most  deve- 
loped, the  most  suUdivide<l,  and  the  most 
kolslfld  form  of  the  iiitwtiiial  eaeca  of 
the  annelides,  with  which  the  liver  com- 
mences its  development,  and  which  we 
have  traced  under  various  formi  through 
all  tiie  helminthoid  classes.  And  we  thus 
already  observe  in  these  helminthoid  ar- 
ticulata,  almost  ail  the  typical  parts  and 
foras  of  tke  alimentary  cavity,  which  we 
trace,  more  highly  developed,  through  the 
•uccMding  ^otpmoid  clabses,  as  we  for- 
neriy  obnrm  to  bo  the  case  alao  with 
l^ir  hard  iMili»and  all  tbab'  organs  of 
relatioTi. 

The  cutomoid  articulata  indeed  oie,  for 
the  molt  paztf  but  the  same  helroiAthoid 
animals  more  advan  cd  in  development, 
Md  mounted  u|)on  limbs  to  caiiy  them ' 
tiuroogli  tho  rarer  medium  of  the  air,  and 
to  exercise  their  carnivorous  propensities 
on  higher  forms  of  organization.  In  the 
long,  equally  developed  vermiform  bodies 
of  the  carnivorous  scolopetidra:,  among  the 
WffriapoJs,  we  still  find  an  Imperfectly  dc- 
vdopiMi  masticating  apparatus,  consisting 
of  •  HmU  pair  of  mandibles,  and  a  amafl 

Eair  of  maxillx,  with  an  upper  and  lower 
p }  then  follow  two  pairs  of  larger  jointed 
or^ns,  which  are  formed  by  the  meta- 
morpbioeis  of  the  two  first  pain  of  laetinto 
masticating  organs.  The  salivary  organs, 
U)£e  those  of  insects,  consist  of  small  sim- 
ple owsa,  enlpurged  at  their  doaed  extra- 
mity,  and  opening  into  the  month}  and 
the  alimentary  canal,  like  that  of  tho 
•frth-vm'm,  passes  straight,  thin,  and 
membranous,  through  the  whole  body, 
with  little  appearance  of  enlargements, 
and  without  cuuvolutions.  The  contract- 
ed pmrtion  of  the  (qesophagas  ppeps  into  a 
wider,  thin,  and  lengthened  stomach,  and, 
as  in  the  long  cylindrical  hoditrs  of  the 
serpents  among  this  vfrtebraia,  tbislength- 
ened  membranous  stomach  opens  into  a 
narrower  portion  of  small  intestine,  which 
terminates  in  a  perceptibly  wider  colon. 
This  simple  form  of  the  Jigestivc  appa- 
ratus is  very  similar  in  the  iulus,  and  in 
most  of  these  long  serpentine  forms  of  the 
mypiapods,  which  corresponds  with  the 
active,  wuel,  lurkini?,  and  prcdaceous 
ph^racter  of  t)ie  auiinals  of  this  small 

in  tiic  immense  and  greetly  diversified 

class  of  imects,  the  digestive  apparatus 
varies  in  its  form  and  develo|Hiieut,  ac- 
pording  to  the  density  and  the  nature  of 
the  foodl  the  liriiig  habits  and  condition 


of  thespeeies,  and  thestate  of  theanimaif 
with  regard  to  their  metamorphosis.  The 

mandibvlate  forms  of  the  masticating  or- 
gans are  best  adapted  for  hard  substancw, 
and  the  proboscis  for  food  in  a  floid  slst% 
but  roost  of  the  sockuig  insects  require 
the  solid  apparatus  to  pierce  the  surface 
ixom  which  they  are  to  obtain  their  fluid 
nolurishmeiift.  The  digeetive  organs  of 
insects  already  present  almost  all  the 
assistant  ishylopoi^tic  glanduhu:  organs  of 
the  highest  animala  iaarodimetttaryooar 
dilioat  ao  that  their  structure  is  iuterest- 
ing,  as  presenting  the  embryo-state  of  the 
liver,  the  salivary  glands,  the  pancreas, 
and  many  other  parts  imi>ortant  in  the 
general  process  of  assimilation.  Their  alio 
mentarv  canal  oonsistsi,  obviously,  of  aa 
interiial  mvoDUS  casat,  and  tX  an  external, 
l^obaMy  peritoneal,  coat,  which  presents 
an  appearance  of  muscular  fibres,  wid  is 
regarded  by  OuFouaas  a  muscular  timic, 
consisting  of  longitudinal  and  transversa 
f\\nv,-.  Retveen  these  two  coats  there 
rs  to  be  geneially  a  more  loose  and 


alar  tanio,  whfch  RAMoo'am  oonsidsrs 

as  conunon  to  all  insects,  and  a  delicate 
mesentery  connects  the  convolutions  of 
the  intestine  with  the  segments  of  tiieab^ 
domen.  The  ramificatlona  of  the  vvl^ite 
opaciue  trachea;  upon  this  mesentery,  are 
seen  with  the  naikeU  »ye  in  the  comrooa 
fly,  and  in  most  insects.  tb»  interior  of 
the  mucous  coat  is  generally  smooth,  as  W 
most  of  the  invertebrata,  free  from 
or  valvule  or  villa  to  extend  its  sorfafil^ 
The  pertrtnltlc  motion  of  the  intestine  il 
obvious  on  opening  the  abdomen  of  the 
living  insect,  and  in  the  short  bodies  01 
thoM  anfanals  the  intestine  is  often  MAK 
times  the  length  of  the  truqk. 

from  the  proboscis,  and  mouth,  SjUi 
pharynx,  a  narrow  cjesophagus  generally 
leads  to  an  enlargemei^  or  crop,  ^'^j]^ 
receives  and  retains  for  a  time  the  fofl4 
when  first  swallowed,  from  this  tiip 
glandular  enlargement  of  the  mpopbagus. 
the  canal  generally  opens  into  a  sujalj 
strong  gizzai'd,  with  thick  parictesi  sa4 
proviqea  intmnally  with  nnmerons  looPf 
tudinal  rows  of  sharp  dense  horny  teeth* 
This  strong  triturating  organ  is  most  ds* 
veloped  where  the  food  is  hard,  and  n»sf| 
requires  its  aid,  as  in  most  of  the  ortkaf' 
tera  and  col€optera\  but  in  most  ot  the 
sucking  insects,  as  the  hemipterai  wh^H^ 
the  focd  is  liquid,  this  organ  Is  scaiW 
perceptible.  The  largest,  the  most  con- 
stant, and  the  most  important  enlarge* 
ment  of  the  alimentary  canal  of  i»>ecH 
is.  the  long  wide  highly-glandular  por* 
tiua  extending  genei'ally  from  the  gizxaiy 
to  the  insertion  of  the  hepatic  ducts.  1^ 
chyUAc  stomach  is  generaily  provided  wi^ 
innumerable  minute  glaadoliv  orypta*  ^ 
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often  see  likewise  on  the  crop,  and  open- 
ing into  iu  interior.  Freauently  this  im- 
pcvtant  chyliftc  or  digetuve  part  it  of 
great  length,  and  divided  into  a  succession 
of  cavities,  and  it  is  generally  most  en- 
larged and  elandular  at  ita  coiameuce- 
tnent  or  projamal  part,  beooming  narrow, 
like  n  dnodenum,  at  its  lower  or  distal  por- 
tiou.  I'iiis  prozioial  enlarged  portion  of 
the  long  ch}  liflc  sac,  it  fhe  part  which 
DuFOL  u  regards  at  the  proper  gtomach  of 
iiisect*.  Fi-om  the  termination  of  the  cby- 
lific  sac,  or  the  entrance  of  the  hepatic 
duett  to  the  anus,  is  the  intestine,  which 
varies  much  itt  its  length  and  capacity  and 
dilatations,  according  to  the  nature  and 
quantity  of  the  food  which  it  to  past 
through  it,  as  all  the  or  her  jiarta  of  the 
alimentary  canal  are  influenced  by  the 
tame  circumstancct.  Hie  stomach  is  often 
enormous  in  the  voracious  ctrndiiion  of 
the  larva,  and  becomes  diniintttive  in  the 
flying  parsimoniouti  iuiago. 

In  the  nutolaiUlM  tm^uris,  or  common 
cock  chaffer,  a  well-known  beetle,  where 
the  food  it  known  to  consist  of  vegetable 
matter,  as  we  tee  it  attacking  tiie  plaate 
and  vegetables  in  our  gardens,  the  d%ea- 
tive  apparatus  is  long  and  capacious.  The 
ftlinicutary  canal  here  prc;ieuts  aa  en- 
largement at  the  lower  part  of  the  otoph- 
agut,  forminc;  that  part  which  is  generally 
denominated  the  cropt  and  below  this  is 
aeen  a  rudimentary  gizzard.  From  thit 
we  pass  to  a  very  lengthened  saccu- 
lated plRndnkr  stomach,  the  one  in  which 
the  principal  elaboration  of  the  food  takes 
place*  and  commonly  termed  the  chyliflc 
stomach.  In  this  cockchaffer  wc  perceiv  e 
itt  upper  or  proximal  part  subdivided  into 
a  nmnber  of  tmall  portions  hy  trantverae 
strictures.  Prom  this  sarcnlated  glandu- 
lar part,  the  cbylific  stomach  perforins 
several  convolutions,  and  terminates  at 
length  in  a  small  dilatation.  M  the  lower 
part  of  that  dilatation,  w  c  observe  on  each 
tide  two  tubular  biliary  organs  to  open. 
Thoae  tubular  organi,  upon  tracing  them 
to  a  distance  from  their  terminations  in 
the  intestine,  are  obtcrved  themselves  to 
give  off  lateral  small  tubular  develop- 
uenlt;  and  thus  the  whole  of  the  secret- 
ing sorfaee  of  those  tubes  is  immensely 
extended  by  the  lateral  csca  which  they 
give  off.  Tbia  it  the  most  complex  form 
of  the  liver  met  with  in  the  class  of  in- 
tectt.  Those  hepatic  vessels  are  convo- 
luted ^nerally  into  n  terse  mats,  which 
occupies  a  large  portion  of  the  abdomen, 
and  surrounds  the  alimentary  canal.  This 
in  a  complex  foriu  ot  the  liver,  which  we 
find  common  in  inaecta  that  feed  upon  ve- 
getable substances.  A  simpler  form  of 
Uie  liver  would  be  obviously  that  of  being 


deprived  of  liboee  laleval  cibgi,  and  abort* 

ened  in  its  course;  and  in  carnivorous  in- 
sects, this  is,  in  fact,  the  simple  appear- 
ance the  organ.  Other  dilatationa  be- 
low this  part  of  the  intestine,  which  re- 
ceives the  terniinattons  of  those  biliary 
organs,  are  consLiiei  ed  as  analogous  to  a 
colon  and  rectunu  llie  rectum  here 
lales,  and  terminates  in  the  eloaea. 

In  the  cicindeiu  campestrui,  which  is  a 
camivorottt  intect  preying  upon  otbera  of 
this  class,  you  ob&erve  another  form  of 
the  alimentary  canal,  which  is  much 
shorter,  on  account  of  the  animal  nature 
of  the  food.  The  ctaophagus  passes  down 
narrow,  as  usual,  from  the  head,  and  dilates 
into  a  wide  glandular  crop  of  considerable 
size,  with  a  minute  gizzard  at  ita  bate. 
The  whole  alimentary  canal,  from  thia 
crop  and  gizzard,  through  the  succeeiling 
wide,  short,  glandular,  chylific  stomach 
into  the  dilated  colon  and  to  the  anua,  it 
remarkably  short  and  straii^lit,  without 
those  long  convolutions  and  dilatations 
whidi  we  aee  in  the  veg^Ue-eating  in* 
sec  t-;.  The  chylific  stomach  especially  we 
observe  hei-e  to  have  a  much  shorter  form 
than  hi  the  vegetable-eating  mt^9kmfk% 
and  to  have  numerous  distinct  glandular 
cjeca  radiating  from  all  parts  of  its  surface, 
those  ca^ca  pouxing  their  secretion  into 
thla  chylific  atomach  to  aatiat  In  digetting 
the  contentt.  At  the  lower  part  of  their 
short  chylific  ttonuu^  wheie  it  firtt  i>e«> 
comet  contracted,  we  obaenre  the  Uliarjr 
organ  to  terminate.  Those  biliary  organs 
are  in  this  carnivorous  insect  simple,  con- 
voluted shore  tubes,  one  upon  each  side, 
which,  after  fimnlng  oomparatiTelf  Hmt 
convolutions,  return,  and  tentiinate  upon 
the  tame  sid^  thut  having  on  each  side 
leading  into  the  chyliflc  ttomacb  two  oii- 
fices,  the  simplest  condition,  nearly,  of  thtf 
liver,  met  with  in  this  class.  From  the 
chyliiic  stomach  the  intestine  passes, 
straight,  very  short,  and  narrow,  to  a  di* 
lated  short  ct  lon,  which  contracts  to  fnnn 
the  rectum,  w  hich  opens  into  the  cloaca. 

In  the  eeiffdlmi  iiigro  Utmtu  wUc^ 
Slicks  the  young  seeds  of  growint^  corn, 
the  salivary  organs  are  large,  the  hepatic 
very  small  \  and  the  chylific  portion  cMf  the 
intestine,  witii  Ita  enlafgementt  and  con- 
volutions, composes  almost  the  entire  ali- 
mentary canal.  In  the  corem  marumaliUj 
which  likewiae  feeda  on  vegetaUe  enb* 
stances,  the  alimentary  canal  is  very  simi« 
lar  in  itt  parts  and  proportions  to  that  of 
the  tetaauruj  but  the  hepatic  vesselt  art 
double  on  each  side  and  terminate  in  a 
vexich  ,  In  the  pyrrhoerrn>(  aptera  the 
aliuic-ntciry  canal  is  short,  but  it;i  ditl'erent 
sacs  are  large,  for  the  coarse  vegetable 
food  on  which  it  subsists;  and  its  biliary 

organs  tingle  on  each  side,  form  each  fi^ 
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its  termioation  a  round  sac,  which  opens 
hy  a  narraw  neck  Into  the  chylificstonudi. : 

The  hepatic  vessels  are  double  on  each 
side;  also,  in  the  ahflns  '/franii,  the  mrris 
earceliii  and  mmxy  otiiui  insects,  wo  find 
these  beiiatic  organs  double  on  etch  side, ! 
and  they  often  develop  linle  sacs  before 
they  open  into  the  stomach.  In  some 
insecti,  as  in  aphrophoru  n^Mna  and  this  | 
cicada  oimi,  a  much  larger  tube  than  the 
hepatic  vessels  is  seen  to  pass  off  from 
the  wide  proximal  pait  of  the  chylific 
Stomach,  and,  after  ronning  several  con-  | 
volutions,  to  return  to  terminate  in  the 
same  cavity  ^  this  organ  ia  regarded  by 
Dupoira  as  a  part  of  the  stomach  itself. 
The  pancreas  when  present  in  insects,  as 
you  observe  it  figured  in  the  leptU,  the 
iombyliugf  and  the  chrysotoxum,  has,  like 
the  salivary  and  hepatic  glands,  tlie  form 
of  a  simple  or  ramified  tube  or  caecum,  the 
duct  of  glands  being  the  first  developed 
pert 

The  arncJinida  are  animals  of  a  rarni- 
vorous  and  often  of  a  parasitic  character  \ 
and  this  is  indicated  hy  the  shortness 
and  straightness  of  their  cdimentary  canal, 
as  seen  in  the  spiders  and  scoqiions.  In 
the  spiders  we  see  the  strong  mandibles 
and  the  poisonous  instntments  placed  at 
the  side  of  the  month  for  destroyinc^  and 
seizing  their  prey.  The  pharynx  leads  to 
u  Tery  short  cesophagus,  Mrhich  presoats  a 
COnildlcated  form  of  crop,  consisting  of 
two  upper  and  larger  sacs  and  two  lower 
and  smaller  sacs,  which  have  a  lengthened 
fonn,  and  open  into  the  same  part  of  the 
canal.  Beneath  this  first  multiple  cavity 
the  canal  passes  narrow  into  the  abdomen, 
^hich  is  chiefly  occupied  by  the  large 
Iol>es  of  the  liver  and  by  the  genital 
organs.  These  lobes  of  the  liver  surround 
B  small  stomach,  simple  and  round  in  its 
farm,  and  heneatii  this  cavity  the  intestine, 
passing  straight  to  the  nrm",  dilates'  into  a 
small  odon.  In  the  scorpion  tiie  aliment- 
ary csnal  passes  with  nearly  the  same 
diameter  from  the  mouth  to  the  anus, 
without  forming  a  distinct  crop,  gizzard, 
oi  stomach.  It  forms  indeed  a  continuous 
narrow  straight  stomach  surroimded  by 
the  lobes  of  the  liver,  and  prescr\'cs  nearly 
the  same  breadth  through  the  long  narrow 
tail  as  through  the  broad  short  tnmk. 
The  form  both  of  the  alimentary  canal 
and  of  the  liver  of  these  cai-nivoix)U8  arach- 
nida,  approaches  more  nearly  to  that  of 
crustsoea  than  the  corresponding  parts  of 
insects. 

Like  the  cunning,  lurking,  venomous, 
eamivorons  spiders  of  the  land,  are  the 
crmtacea,  the  npiders  and  scorpions  of  the 
sea,  shielded  in  armour,  and  lurking  fur 
prey  fai  the  dark  recesses  d  tbe  deep, 
with  a  short,  stnUght  canal  tbroaghthcir 


body,  which  can  retain  no  food,  they  aie 
impelled  by  incessant  httnger  to  destroy, 

and  are  emboldened  in  their  contests  by 
their  solid  protection  and  their  destruc- 
tive weapons,  no  that  they  let  nothing, 
living  or  dead,  escape  their  iron  grasp  or 
their  voracity,  and  their  digestive  appa- 
ratus presents  the  most  carnivorous  form 
of  thiscarnivorons  artknilated  division  of 
the  animal  kingdom.  With  acute  organs  of 
sense,  and  means  of  rapid  locomotion,  and 
of  powerful  prehension,  and  of  complete 
mastication  bysixpafars  of  their  feet  being 
converted  into  jaws  and  by  strong  teeth 
being  implanted  in  their  stomach,  they  arc 
wdl  fitted  to  secure  and  to  redace  to  pulp 
all  kinds  of  animal  matter,  and  living  in  a 
watery  element  which  almost  bathes  their 
stomach,  they  require  no  salivary  glands 
to  moisten  their  food.  Their  short  oesopha- 
gus forms  but  a  narrow  reparation  between 
the  mouth  and  tbe  capacious  stomach. 
The  stomach  oocnples  tbe  upper  and  fore 
part  of  the  cephalo-thorax.  Within  that 
stomach  we  observe  a  variable  number  of 
strong,  bard,  calcareous,  and  moveable 
teeA,  ivbicb  have  generally  the  same  dark 
tinge  HS  the  external  shell  itself.  These 
are  supported  by  a  strong  and  dense  cal- 
careous apparatus,  cslcalated  for  the 
attachment  of  the  numerous  poweifoi 
muscles  that  move  those  teeth.  Thft 
structure,  however,  is  not  peculiar  to  these 
crustaceous  animals.  You  see  it  common 
in  the  class  of  insects  to  have  teeth  in 
their  muscular  gizzard,  in  the  mollus- 
cous classes,  alsoy  you  see  it  common  in 
many  of  the  species  to  have  teeth  in  tiie 
stomach,  as  in  this  aplyria. 

At  the- pyloric  extremity  of  tbe  stomscB 
in  .tbese  crabs  and  lobsters,  you  ob«crre 
upon  each  side  the  small  openings  of  the 
two  hepatic  ducts  from  the  numerous  lobet 
of  the  liver.  This  hepatic  duct  on  each  side 
of  the  narrow  contracted  pyloric  extremity 
of  the  stomach,  ramifies  and  subdivides  into 
innumerable  small  caeca;  those  cvca  are 
aggregated  together  into  distinct  groups, 
and  constitute  the  different  lobes  of  the 
liver,  which  arc  disposed  in  large  msSMS 
along  the  sides  of  the  stomach;  and  be- 
tween them  and  the  stomach  itself  on  the 
dortMil  surface  we  find  in  the  female  the 
ovaries  disposed,  and  in  the  male  tiie 
testicles.    From  the  pyloric  extremity  of 
the  stomach  the  intestine   passes  io  & 
straight  line  to  tho  anus,  occup}ing  the 
dorsal  and  not  the  vent^  snrlkoe  of  the 
body     Rcfore  opening,  however,  at  this 
opposite  extremity  of  the  body,  it  gen^ 
rally  dilates  to  form  a  small  colon.  The 
liver  appears  to  be  generally  of  incon- 
siderable magnitude   in  the  articulate^i 
classes  of  animals  with  aiticulated  men- 
bers»  and  it  does  not  present  that  complex 
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n.  a.  p.  f.t  £iap*lyU»  aucb*  capitis*  of  these  caaea  died  befora  medkal  «a* 
Perg.  I  listanoe  eoald  te  tMotM,  froai  iapeded 

7.  Passed  a  good  night,  st-arting  ooca- ,  reipiration»  procluccd  by  sudden  cnlarpc- 
ilooally*  Mid  getting  out  of  bed ;  skia  raent  of  the  tonaiU,  totally  obgtructiug 
moirt;  bowels  open;  countenance  much  the  throat;  and  w^Bre,  after  death,  oa 
PMva  inUiHgWitj  pulse  soft,  74L  TliMie ,  axaaiimtiaii,  llie  Inngi  and  veisels  of  the 
atill  remains  a  disposition  to  sleejj  lirniu  wore  much  congested,  without  any 

8  to  21.  Oowel«  open,  and  nnicb  iiiaaiuc  other  obvious  ciiuge  of  death.  1  was  more 
•tate  av  yttrtardajr*  but  did  not  ttart  in  Ua  fortmate  ia  a  third  case,  where  the  per* 
sleep  or  attempt  to  get  out  of  bed.  Or-  sou  teemed  to  be  sinking  from  suifoca- 
der^  toast  and  tea  in  lieu  of  gruel,  which  tioui  produced  by  this  sudden  obetructioa 
has  been  bis  only  diet.  Prom  this  Ume  up  of  tbt  throat.  The  reiaoval,  with  a  com* 
to  the  pIe■ell^  aeyeateea  daya  after  mon  biBtoury,  of  a  large  portion  of  the 
the  injury,  uo  unpleasant  symptom  ha«  ^lan<ls,  and  the  ap}>liration  of  cauatic, 
occurred;  his  drowsiness  has  left  iiiin ;  iueLhtj*,  and  vene»ectiou,  restored  my  pa- 
1m>w«1s  r^pdar,  and  sa^  he  fceU  as  well  tient,  without  any  unpleasant  symptom. 


as  ever,  with  the  exception  of  being  slight- 
ly deaf.  The  wound  of  scalp  has  healed, 
■ad  the  eyelid*  which  wueobmiaed  m  to 
be  unable  to  be  opened,  ii  quite  wdl ;  the 

puffiuess  of  scalp  has  subsided-  There  is 
no  evident  dcpic^iMuu  of  bone,  but  au  evi- 
dent callo^y  in  the  coarse  efthelhicture. 


Bagabol*  Surrey,  July  27»  18M. 


T78e  OF 


Remarks. 

I  cannot  think  this  case  devoid  of  interest. 
The  severity  of  tlie  iiOuvy  and  symptoms, 

which  embraced  ]><»rnianent  dilatation  of 
pupUs,  loud  stertorous  breathing,  and  total 


PLASTER  OF  PARIS 

IN  THE 

TRSATMJBNT  OF  FRACTURES. 


To  the  Editor  of  Tii&  Lancet. 

 ^     Sir,—  Observing  in  No.  569  of  your  most 

iluSuiMy,  Ac.,  tOfteUiW  wttlindie  eatant '  uscfulJonmalapaper  by  Messrs.  Bond  and 

of  fraotnri  ,  1  confess  made  me  hesitate  as  ^lale,  upon  the  use  of  plaster  of  Paris  in 
to  the  treatment,  whether  I  wss  inime- 1  ^''^  ^•'^^^^^^'^^o^fr^^w-^  ia which,  among 


diately  to  convert  a  simple  fracture  into  a 
compound,  and  nite  the  bone,  or  inrt  try 
the  result  of  measures  which  were  more 
consonajU  with  the  inculcations  of  the 
Berongh  edioela  and  my  own  feelings. 

Active  enema  depletion,  and  plarinp  calo- 


cther  observations,  It  Is  stated  that  tiial 

method,  "  aJthmir/k  not  vnknov  n,  Jia<:  never 
hitherto  bten  braught  into  practice^"  I  beg 
to  say  that  the  practica  in  question  was 
adopted  bv  m>'sel^  under  the  direction  of 

Proicp^ov  Kii  by  of  this  city,  more  than 


roel  upoa  the  fauces,  surpassed  my  most        y^'^"  «  ^Hjo.     wiU  appear  by  the  (61- 
sangttlae  expectations,  by  rendering  ther^^^^K  t-*"^;-  , 
pulse  softer  and  fuller.  anC  causing  a  gi*a-     ^  medical  gentleman,  of  middle  age, 
dual  rotuni  of  «oiisibility,  towbich,  doubt-  '^'"^'^'^^  Jiabits,  and  sanguine  teraperamcntj 
less,  the  agi:  oi  my  patient  income  measure  i  bi »  country  town,  had  the  mis- 

oontribaied.  The  een^nUve  movements :  fortune  to  be  thrown  from  bis  horse  upon 
ard  uneasiness  produced  by  pressure  on  a  rouKh  road,  by  which  he  received  a  vmi- 
the  seat  of  injury,  independent  of  the  age  P^e  oblique  fracture  of  the  tibia,  about  lU 
of  the  boy,  plainly  proved  that  the  inter- f  <^®»'re.  He  was  immediately  carried  home, 
nal  table  of  the  bone  was  involved,  and  ^'ic  ^^^^  was  "put  up"  in  splints  anfl 
the  surface  of  tlie  brain  affected.  I  was  i  bandages,  some  blood  was  taken  from  the 
at  first  Uoubuui  whether  the  shrieking ordinary  treatment  aaaallii 
arose  from  a  cognisance  of  local  pain,  or  such  cases  was  enjoined, 
of  affection  of  brain ;  its  peculiarity  made  |  bo**"  apparent,  however,  that  the 

me  incline  to  the  Utter  opinioni  at  all ;  case  would  prove  troublesome ;  the  pa- 
events  this  ease  ia  one  among  the  many  >  ^^^^  became  extremely  restless,  and  anxi. 
which  gn  tn  prove  tlie  impropriety  of  re-  ^  ^us  to  get  out  to  his  bushiessj  be  insisted 
forting  to  that  dangerous  instrument  the  sitting  uii  in  bed  every  day,  and  could 
trephine,  without  the  most  serious  delibe-  nowise  be  persuaded  to  observe  the 
imll^  quietude  so  indispensable  on  such  occa- 

fffiiilafftiii  sions.   It  is  not  to  be  wondered  at,  there- 

neannma*  ^^^^^  j£     jj^g  weeks,  on  re- 

I  take  this  opportunity  of  alluding  to  moving  the  splinta  &C.,  no  union  had 

that  now-prevailing  epidemic,  scarlatina,  occurred. 


—I  mean  more  i)articulaily  those  cases 
where,  in  ftuDiilics  atfected^  the  erap* 
tion  does,  not  make  ita  ^pMuraaoei  two 


At  this  period  it  was  proposed  by  his 
attendants  (Dr.  Fisher,  or  Droghedat  and 
myielf)  to  paai  a  seton  between  the  brolnfi 
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LECTURE  XLIII. 

ON  THE  DIGESTIVE  ORGANS   OP  THE 
MOLLUSCOVS  OR  CYOLO-GANGUATED 

CLASSES. 

The  worm  can  twine  its  body  like  a  ser- 
pent round  its  prey,  and  teai'  it  with  its 
teeth  and  suck  its  blood,  and  tbe  itueci 
can  pursue  it  through  the  air  and  vigor- 
ously attack  it  with  arms  and  claws  and 
teeth  and  sting,  bo  that  in  the  helmin- 
thoid  and  the  entomoid  articulata,  their 
powers  and  instruments  are  oftcnest  ex- 
erted and  used  against  prey  higher  than 
themselves  in  the  scale  of  development, 
and  hence  the  great  development  of  their 
organs  of  relation,  compared  with  those  of 
organic  life  or  of  nntritiov.  But  the  soft, 
feeble,  and  anuless  molluscous  animals, 
able  only  to  creep  slowly  along  the  bottom 
of  the  sea,  or  fixed  immoveably  to  the 
rocks,  and  with  their  sensitive  and  loco- 
motive organs  very  imperfectly  developed, 
are  less  able  to  select  and  secure  the 
higher  forms  of  animals  as  prey,  and  have 
their  digestive  apparatus,  therefore,  adapt- 
ed for  more  varied  and  coarser  food.  Their 
alimentary  canal  almost  never  passes 
•traight  through  thdr  body;  nor  is  the 
anus  terminal,  as  we  saw  it  in  most  of  the 
ariic  ulutu.  The  digestive  cavities  ore  heic 

No.  b72. 


more  namerous  and  capadons,  the  intes* 

tine  is  more  lengthened  and  convoluted, 
and  all  the  assistant  glandular  organs  are 
devdoped  on  a  higher  plan,  and  more 
constant  throughout  the  classes.  The 
magnitude  of  their  biliary,  salivary,  and 
often  of  their  pancreatic  and  other  glands, 
enalde  them  to  dispense  ndth  the  nume- 
rous solid  instruments  of  mastication  dis- 
posed around  the  mouth  of  articulated 
animals,  and  to  digest  the  lower  forms 
animal  and  vegetable  matter.  Their  whole 
economy  being  thus  adapted  for  the  ab- 
sorption aud  the  solution  of  the  softer 
kinds  of  food,  teetl^  and  other  doue  in- 
struments, arc  much  more  rarely  seen  in 
their  digestive  sacs,  than  we  found  them 
in  the  entomoid  and  even  the  hehnin- 
thoid  classes. 

The  lowest  of  the  molluscous  classes, 
the  iunicated  animals,  shut  up  in  the  in- 
terior of  a  cartilaginous,  more  or  lew 
elastic,  and  biforate  tunic,  have  no  pre- 
hensile or  masticating  organs  connected 
with  their  month.  The  mouth,  in  feet,  is 
placed  at  the  bottom  of  the  respiratory 
sac,  and  appears  to  be  destitute  even  of 
those  tentacula,  appendices,  or  lips,  which . 
are  so  much  developed  and  so  various  in. 
their  forms  in  the  conchiferous  animals. 
Tentacular  filaments  are  generally  dis- 

f»06ed  aronnd  the  interixv  of  the  orifice 
eading  to  the  branchial  sac.  The  mouth 
thus  opening,  as  in  this  cynthia  canopua 
{Fiff.  155,  d)  at  the  bottom  of  the  respm- 

Fia  155  *^         which  the 

^'  water  is  taken  for  rcs])i- 

ration,  leads  to  a  narrow 
short  oesophagus,  which 
soon  dilates  into  a  stomach 
(Fj^.  155,  c}  i  thatstomach, 
upon  being  laid  open,  is 
found  perforated,  in  most 
of  the  tuniaita,  by  nume- 
rous wide  apertures  that 
lead  by  short  canals  into 
the  substance  of  the  liver  ; 
these  are  the  apertures  of 
the  short  hepatic  ducts  so 
common  in  this  situation  in  the  mollus- 
cous classes,  and  they  are  chiefly  situate 
towards  the  pyloric  extremity  of  the  sto« 

2  Z 
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inach;  tlic  pyloric  extremity  of  the  sto-  seas,  is  composed  of  numerous  individuals 
niach  is  a  part  in  the  inoiiuscous  classes  aggregated  closely  together,  and  extend- 
wMch  it  generally  involved,  in  fad,  in  the  ing  their  branchial  orifices  outward*  from 
sulistancc  of  the  liver,  and  we  can  gene-  the  sides  of  the  tube  which  they  compose, 
rally  detect  the  distinct  separation  of  lobes.  The  prominent  papillae  {Fig.  156,  b,  d), 
in  their  conglomerate  fonii,  of  the  Uver.  which  cover  the  sur&ce  of  the  tube,  form 
The  intestine  thus  escaping  from  the  lobes 
of  the  liver,  it  forms  a  slight  convolution, 
and  ascends  to  form  the  anus  {Fig.  155,  b) 
near  the  anal  aperture  (Ffy.  155,  a)  of  the  i 
exterior  tunic,  so  that  currents  of  water  | 
taken  in  by  the  branchial  vibratile  cilia  to 
aerate  the  branchiae  disposed  over  the  in- 
terior of  the  mnscolar  tanlc,  leave  no 
chance  of  rf>nveying  the  eYcremcntitious 
matter  downwards  over  the  dtlicate  diges- 
tive and  generative  apparatus  placed  be* 
low  the  sac.  The  intestine,  for  the  more 
easy  escape  of  its  excrementitious  con- 
tents, is  prolonged  as  near  as  possi 


ble  to  the  anal  aperture  {Pig.  Ifio, 
of  the  branchial  tunic.  The  oral  orifice 
{Ftg.  155, /j  is  generally  larger.  Thus 
the  streams  of  water  hsuing  firom  this 


near 


each  the  oral  extremity  of  a 
distinct  animal,  which  extends 
inwards  to  the  interior  of  the 
general  tube,  where  all  the 
anal  orifices  (Fiff.  156,  c, 
terminate.  When  we  magnify 
these  minnte  aninnlt  {Fig. 
156)  of  the  pyratoma,  we  ob- 
serve that  they  possess  each 
a  distinct,  nervous,  digestive, 
circulating^  respiratory,  and 
generative  system,  formed  nn 
the  same  plan  with  those  of 
the  larger  detached  atetdSfP* 
I  The  outer  extremity  {Fiff.  156, 
bt  rf,)  of  each  papilla  is  a  closed 
portion  of  iiie  exterior  tunic# 
that  extremity  you  observe  a 


anal  orifice  of  the  respiratory  cavity,  con- 1  small  rotmti  simple  orifice  [Fit/.  156,  «, #), 
vey  aU  the  excrementitious  deposits  cl^u*  i  which  leads  by  a  neck  of  variable  length 
firom  the  interior  of  that  cavity.  The  |  to  the  branchial  sac^  on  Hie  sides  of  whieli 

same  structure  of  the  digestive  apparatus  '  aredisposed  the  reticulate  ciliated  gills.  On 
is  found  in  the  other  simple  tunicata,  the  opening  thi^j  respiratory  sac,  we  find  at  its 
position  of  the  internal  parts  of  these  lower  part  a  small  orifice,  which  is  the 
animals  varying  only  slightly  with  the  |  mouth,  leading  to  a  little  round  stomach. 


differences  of  outward  form.  The  simple 
structure  of  the  mouth,  its  secluded  posi- 
tion, and  its  want  of  prehensile  oi^ns, 
and  organs  of  scn^c,  an  l  salivary  glands, 
show  that  these  animals  are  adapted  only 
to  seize  the  simplest  forms  of  organized 
Mftstances  brought  into  tsontact  with  the 
mouth  by  the  respiratory  currents.  Their 
simple  membranous  perforated  stomach 
It  often  raariced  by  longitodinal  plice ;  and 


The  oesophagus  is  small  but  distinct,  the 
stomach  is  provided  with  a  liver,  and  the 
intestine  forms  one  convolation  before  It 
terminates  near  the  an:il  orifice  of  the  sac. 
On  opening  the  genen^  tube  of  the  entire 
pgrotoma,  and  looking  upon  its  inner  sur- 
face, we  see  the  nmnerous  orifices,  not  of 
the  intestines  of  the  several  animals,  hut 
of  the  vents  by  which  the  streams  of  water, 
bronght  in  through  the  outer  ond  orificn. 


the  short  and  simple  intestine,  with  gene-  jire  conveyed  intr)  the  general  cavity  cf  this 
rally  but  one  convolution,  is  destitute  of  animated  tube,  and  by  which  streams  of 


aniargements  or  cseca,  and  presents  a 
glandular  appearance.  The  rectum  gene- 
rally projects  loose  into  the  base  of  the 
anal  orifice  of  the  cartilaginous  tunic,  and 
is  often  lobed  or  flmbilated  or  valvular  at 
its  terminatioQy  at  We  tee  likewise  in  the 
cephalopods. 

In  the  compoimd  fbrmt  of  this  elatt, 
where  numerous  respiratory  orifices  are 
flisposed  in  a  circular  order  around  tiie 
larger  central  vent,  as  iu  the  iiotryiiuis^  we 
•till observe  each  provided  with  its  distinct 
alimentary  apparntns,  as  in  the  detached 
and  independent  species.  These  masses 
of  individuals,  aggregated  toge^er  In  re- 
gular families,  sjjread  over  the  surface  of 
all  li'inds  of  submarine  bodies,  like  al- 
cyonia  or  other  fleshy  soft  zoophytes 
with  which  they  used  to  be  confounded. 

pnrmtoma  [FUj.  Vol.  1.  p.  426),  8(» 
remarkable  for  its  proteus-like  mutability 
of  colour,  jcnd  for  its  luminofiftjr  In  tropica) 


water  the  entire  body  (the  tube  being 
closed  at  one  end)  is  raised  opwardt  from 
the  bottom,  and  made  to  swim  like  a  Iti- 
minous  column  through  the  dark  and  stm 
>  sea.  It  is  remarkable  to  observe  in  those 
tunicated  animals,  or  naK-c^  acephalous 
mollusca,  so  complicated  a  structure  and 
on  so  high  a  plan,  and  yet  Hod  then 
so  helpless  in  the  means  of  selecting  and 
obtaining  food.  The  dark-coloured  digested 
matter  seen  in  their  intestine  is  floccnlent, 
like  that  of  the  oyster  and  other  Uvalved 
acephala,  withotit  s-olid  jmrta  tn  indicate 
the  kind  of  food,  but  entomostraceoos 
Crustacea,  which  are  exduded  firoiB  no 
situation  under  the  surface  of  the  sca» 

are  founfl  ocra^ionHlly  Ivin^  in  thrir  re- 
spi;atory  sat  ,  and  may  form  part  of  their 
food. 

In  thr  rnnc}i'frr&,  or  the  inhabitants  of 
bivalve  shells,  we  observe  astructttre  of  the 
alimentary  cimal  vfry  dlctfeljr  tVMnitihig 
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tliat  of  the  tunicated  animab,  though  gc* : 
licrally  longer  and  more  convolutra.  At  ] 
the  bottom  of  the  respiratoiy  sac  we  ob- 
serve the  mouth  of  these  aniuals  leading  ' 
to  a  short  oesophagus.  The  mmiih  it  liere  \ 
provided  with  two  pairs  of  long,  com- 1 
presaed,  lateral,  striated*  tapcriug  tcnta- ' 
cula,  and  Is  placed  at  the  most  remote 
part  of  the  cavity  of  the  mantle  from  the 
greatest  oponini^  of  the  valves  or  the  ' 
branchiu.!  oriticc.   The  mouth,  destitute  i 
In  the  oonchiferoiis  animals  of  muidibles 
or  inririllie  or  any  solid  teeth,  opens,  as  in 
tunicated  aoimals,  almost  directly  into  the  1 
cavity  of  the  stomach,  by  a  very  short 
oesophagus.    The  stomach  is  surrounded  i 
by  the  lobes  of  the  liver,  which  is   re- 1 
markable  for  its  dcveiupmcut  aud  con- 

{lomerate  form  in  all  the  dassea  of  mol- 1 
nsoous  animals,  even  up  to  the  cephalo- 
poda. On  opening  the  stomach  of  the 
oommon  muscle,  or  other  bivalved  animal, 
we  observe  numerous  large  ajjtrturcs  at 
its  pyloric  extremity,  which  are  the  ori- 
fices of  wide  ducts  leading  into  the  cavity 
of  the  liver.  The  lobes  of  the  liver,  in 
fact,  consist  only  of  an  aggregate  (  f  small 
ramified  caeca,  wiiich  unite  into  trunks, 
larger  and  larger,  and  those  orifices  are 
but  the  general  terminations  of  the  ra- 
mified ducts  in  the  pyloric  portion  of  the 
stomach.  Thus  the  liver  is  obviously  a 
development  of  this  part  of  the  Intestine 
itself,  which  is  becouiing  more  and  more 
complex,  and  more  concentrated  and  iso- 
lated as  we  ascend  to  higher  forms  of  or- 
ganiasation.  "What  wc  sec  here,  and,  still 
more  obviously  in  the  tunicata,  of  the  de- 
velopment ttf  the  liver,  is  the  process  which 
nature  follows  in  the  origin  and  develop- 
ment of  all  glands  in  every  class  of  animals. 
Iroin  the  stomach  we  observe  the  intes- 
tine to  poform  often  several  convolutions, 
so  as  to  retain  as  long  as  possible  the 
miKQd  and  inierior  kind  of  food  which  is 
bronght  into  the  hranehial  cavity  hy  the 
currents  of  water  in  the  act  of  respiration, 
for  Tunthci'  the  mouth  nor  any  other  part 
of  the  digestive  apparatus  is  capable  of 
extending  beyond  ttie  respiratory  cavity  in 
the  oonchiferoiis  animals,  so  as  to  give 
them  any  power  of  selecting  their  food  ; 
Qiey  can  only  adbse  what  the  bounty  of 
the  waves  brings  into  contact  with  the 
mouth  in  the  interior  of  this  respira- 
tory cavity,  and  the  simplest  polypus  of 
the  almpiest  zoophytes  can  do  as  much. 
Al^r  ])erforniing  several  convolutions 
surrounded  by  and  almost  imbedded  in 
the  liver,  (and  it  is  probable  that  the 
connexion  which  thus  exists  between 
a  considerable  part  of  the  intestinal  canal 
and  the  Uvet  may  be  aobaervlent  to 
tiio  further  elaboration  of  the  food,)  we 
generaliy  ohtcrve  it  fonninga  curve  along 


the  convex  dorsal  margin  of  the  shell, 
within  the  mantle,  and  twmina^g  at  a 
short  distance  before  it  arrives  at  that 
upper  anal  oritice  from  which  the  streams 
ox  water,  produced  by  Hie  vlbratlle  cQbi, 
are  observed  incessantly  to  rush  during 
respiration.  The  water  is  driven  in  through 
the  inferior  respiratory  orifice  by  the  lapd 
action  of  the  cilia  disposed  upon  the  gills 
and  mantle,  but  it  is  propelled  out\%  ar<ls 
through  this  anal  orifice  of  the  Inu^jLlt; 
with  a  smooth  and  incessant  regular  cur- 
rent, which  assists,  as  in  the  tunicata  and 
even  higher  mollusc^  in  conveying  away 
all  excrementitious  ^charges  from  the 
interior  of  the  mantle. 

In  the  aliTnoTifary  canal  of  the  pinna  no- 
hilis  {Fig.  10/,  A)y  figured  by  Poli^  vou 
observe  the  upper  and  the  lower  Upa 
{Fi0,  167.  a)  extended  and  tapering  on 

Ftff.  157 


wSi  side  to  ibiu  a  pair  of  lateral  oon* 

pressed  thick  pectinated  tcntaculn.  Be- 
tween the  middle  of  these  lips  i«  seen  the 
simple  orifice  of  the  month  {Fiff.  167, 
leading  by  a  sbort  oesophagus  [  Fiy.  157,  c) 
to  a  stomach  {Fig.  157,  d  d)  of  unusual 
length.  The  upper  or  cardiac  portion  oi 
the  stomach  forms  a  globular  la^  and  the 
py  loric  part,which  is  long,  narrow,  straight, 
and  cylindrical,  forms  a  small  jcaectun  at 
its  lower  extremity.  A  distinct  pyloric 
valve  is  found  formed  by  a  circular  fold 
of  the  mucous  coat  at  the  junction  of  the 
pyloric  extremity  of  the  stomach  with  the 
small  intestine.  The  stomach  in  this 
large  animal  has  a  veiy  obvious  and  thick 
muscular  coat,  and  U  perforated  with 
large  openings  for  tlie  sbort  hepatic  duett. 
The  intestine  presents  an  rnln  perncnt  of 
considerable  aixe  in  its  duodenal  portion, 
and  a  similar  dilatation  In  the  colon  {Fig, 
\h7t  e).  The  colon  of  the  conchifera 
generally  pierces  the  ventricle  of  the 
heait,  aud  passes  longitudinaiiy  through 
its  cavity.  I  have  generally  lonnd  this 
part  of  the  intestine,  and  that  which  ig 
covered  by  the  liver,  chaiged  with  food, 
while  the  rest  of  the  alimentary  canal 
was  empty,  'i'he  stomach  of  the  musda 
is  most  frequently  found  filled  with  nni- 
cua  aud  saud,  or  mud,  as  if  tbey  strciaed 
the  agitated  waters  of  all  their  turhU  con- 
tent*, ta  tlw  9mira,  the  bila  aaiiva  tha 
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stomach  by  a  single  large  duct,  and  the 
component  ca>ca  or  foliicles  oi  the  liver 
ue  very  distinct ;  indeed,  in  most  of  the 
coQchifera,  these  minute  caeca  which  com- 
pose the  lobes  of  the  liver  arc  obvious 
when  we  observe  a  portion  floating  loosely 
in  water  or  spirit.  The  convolotfont  of 
the  intestine  are  chiefly  place<I  T)et\\  pen 
the  back  part  of  the  liver  aadtbe  fore  i>art 
of  the  ovary,  and  they  are  generally  em- 
braced by  the  exj)anded  base  of  the  mus- 
cular foot,  which  forms  thus  a  kind  of  hol- 
low abdominal  cavity.  In  the  wleH  atri- 
g/Uatut  the  colon  traverses  not  only  the 
ventricle  of  the  heart,  but  also  a  part  of 
the  cavity,  both  of  the  anterior  and  pos- 
terior amtse,  whtch  issne  from  that  ven- 
tricle. In  the  mtja  p'tctornm  the  colon 
passes  through  the  middle  of  the  anterior 
aorta  into  the  ventricle,  but  iniiucdiatcly 
escapes  through  theparietes  of  that  cavity, 
and  follows  along  its  exterior;  it  again 

Iuerces  the  posterior  extremity  of  the 
lengthened  ventricle,  to  arrive  at  its  inte- 
rior, ;iiid  continues  fc>r  sornc  <1ist;uiCL- 
through  the  interior  cavity  of  the  poste- 
rior aorta.  In  most  of  the  conchifera 
there  is  a  firm,  transparent,  stilifonn, 
crystalline  body,  enclosed  in  a  enseal  pro- 
longation of  the  intestine  which  opens 
into  the  stomach.  Iliis  stilifonn  body  is 
of  a  cartilaginous  consistence,  with  a  tri- 
cuspid free  extremity,  and  is  composed  of 
ieveral  concentric  layers  or  laminae.  It 
eactends  into  the  stomach,  and  perhaps 
Insists  in  the  imperfect  mastication  of 
these  animals,  like  the  corresponding  lirm 
stiliform  organs,  so  common  in  the  pro- 
boscis of  the  gastcropods.  The  prolonged 
lips,  which  from  their  pectinated  appear* 
ance  on  part  of  their  snrfhce  have  been 
considered  as  assistant  respiratory  organs, 
vary  much  in  their  forms  in  the  different 
species  of  this  class,  and  lead,  by  their 
modifications,  to  the  fimbriated  armsof  the 
brachiopodoiis  conchifera.  In  the  spon- 
djflus  (Fig.  157,  B)  the  pectinated  tenta- 
cular parts  of  the  lips  {FHff.  157,  a)  are 
short  and  broad,  and  thicker  in  their  mid- 
dle than  at  either  end;  and  their  proximal 
part,  which  immediately  surrounds  the 
month  {ftff.  157,  B,  b),  is  divided  Into  nu- 
merous pedunculated  lobes,  the  margins 
of  which  are  surrounded  by  numerous  mi- 
nute fimbritev  or  filaments,  of  a  bright-red 

colour.  The  TTiaririna  of  the  iiiaiitli.'  hiivx: 
their  Ambri<t>  distinctly  ciliated  in  many 
of  the  conchifera,  and  thus  assist  in  di- 
recting the  current  of  water  containing 
food,  into  the  ca\'ity  of  the  refrpiratory  sac. 
The  margins  of  the  mantle  in  the  upon' 
dyht»  prmeat  numerous  distinct  eyes,  as 
in  tbi  jh-rfpv,  which  nre  often  raised  on 
little  peduncles,  like  those  of  a  gastero- 
poda they  are  Ur^c  in  the  Mfrea  Jwob^ 


around  the  margin  of  the  mantle.  In  the 
comTTion  oyster,  the  otirea  edtiliM,  the 
mouth,  provided  with  four  largo  tliidic 
tentacular  extensions  of  the  lips,  opens 
almost  directly  into  a  globular  stomach, 
perforated  by  the  large  hepatic  ducts,  and 
the  intestine,  covered  by  a  large  liver  nnd 
a  large  ovnn-,  comparatively  short,  as 
in  most  of  the  fixed  conchifera,  and  termi- 
nates, without  perforating  the  hearty  la 
the  anus,  immediately  behind  the  poste- 
rior part  of  the  great  adductor  muscle  of 
the  valves. 

In  the  numerous  and  greatly  diversified 
class  of  gasteropod*  we  observe  a  higher 
condition  of  the  digestive  apparatus,  as  of 
most  of  the  other  parts  of  their  ecdnony. 
It  is  likewise  more  varied  than  in  the 
acephalous  mollusca  in  its  form  and  cha- 
racter, for  many  of  those  animals,  as  the 
snails,  ieeA  on  the  higher  terrestrial  vege- 
table substances,  others  on  the  lowest  kind 
of  vegetables — the  fuci  that  grow  in  such 
abundance  at  the  bottom  of  the  sea;  nuwy 
r  thers,  again,  \vc  see  dcstro^'ing  animals, 
and  feeding  npon  living  prey.  Most  of 
the  timid,  defenceless,  blind,  and  naked 
gastcropods,  as  the  ifoWf,  toUa^  hUmum, 
tcylkta,  are  animals  that  feed  on  vegetable 
substances,  which  they  have  generally  the 
means  of  bruising  betwixt  lateral  homy 
jaws;  nr  sometimes  they  abrade  that 
vegetable  food,  by  recurved  spines  placed 
in  regular  series  along  the  tongue,  as  in 
the  patella. 

\Ve  have  here  a  common  form  of  the 
alimentary  canal  in  tlic  darut.  The  tnouth, 
provided  with  a  short  proboscis,  is  dee* 
titute  of  jaws;  the  head  is  proviilcd  at 
its  lower  part  with  two  expanded  ten- 
tacula,  and  at  the  upper  pan  of  the  man- 
tle, at  its  anterior  extremity,  \viih  two 
more  sheathed  claviform  tentacula.  Here 
there  are  no  oj  gans  of  vision  ;  and  few  of 
the  naked  gastcropods  present  those  or- 
gans. The  prohn^t  ii  is  highly  retractile, 
muscular,  and  strong.  There  are  both 
caecal  and  conglomerate  salivary  gtendt. 
The  oesophagus  passes  down  a  little  tor- 
tnotis  to  the  anterior  pari  of  the  abdomen, 
and  dilates  into  a  stomach,  capacious, 
thin,  wide,  and  capable  of  receiving  a 
lai'gc  portion  of  the  vegetable  substances 
on  which  the  doris  feeds.  Upon  opening 
the  cavity  of  the  stomach,  we  tee  here,  as 
in  tlu  tniiicatcd  animals,  and  in  the  in- 
habitants of  bivalve  shells,  the  large  per- 
forations leading  from  the  cavity  into  the 
snbetenoe  of  the  liver.  Here  again  we 
observe  the  short  wide  hepntic  ducts, 
bearing  the  same  general  character  which 
they  have  from  the  lowest  of  the  moUoscn 
up  to  the  class  of  fishes.  Baron  Citvirh 
remarks,  that.it  surprising  the  veg^tfihle 
food  does  not  gain  admiialoii  finm  &e't(o* 
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mach  into  the  cavities  and  substance  of  the 
liver.  I  have  collected  many  of  those  ani- 
Dials  apon  onr  cOMtByftncI  have  opened  them 

in  all  conditions  as  regards  food  taken  into 
their  stomach,  and  I  have  found  the  sto- 
mach often  completely  filled  with  minutely 
divided  portions  of  coarse  marine  plants ; 
but  I  never  fouTul  them  with  their  sto- 
mach thus  filled,  without  finding  that  the 
hepatic  ducts  were  alBO  filled  with  the 
food.  These  hepatic  ducts  arc,  ohviousl) , 
continuatioiis  developed  from  the  stomach 
itself,  and  the  obliquity  of  their  entrance 
docs  not  protect  them  from  the  ingress  of 
the  food.  Wc  ohscn'e  opening  also  into 
the  stomach  of  the  doris^  which  is  desti- 
tute of  teethy «  glandular  CKcam  of  a  pyri- 
form  shape.  That  glandular  crncum  differs 
enviously  in  its  structure  and  form  from 
the  stroctnre  of  the  liver*  It  consists  of 
a  single  wide  cavity,  studded  internally 
with  minute  glandular  orifices  or  follicles. 
It  opens  into  the  pyloric  extremity  of  the 
Stomach,  and,  conseqventty,  ponre  its 
■ecretion  into  the  alimcntar)'  canal  at  the 
same  place  with  the  liver.  From  thia  po  • 
fitlonofthe  organ,  and  thia  termination 
of  its  duct,  wc  cannot  consider  it  as 
analogous  to  the  salivary  glands.  From 
its  position  in  the  vicinity  of  the  hepatic 
Mgan,  it  is  rather  analogous  to  the  pan- 
creas in  hi2:hcr  animals.  This-  I  was 
more  anxious  to  examine  on  account  of 
its  having  been  tiated  bjr  Cvvtkr  and  by 
many  other  writers,  tliat  no  invertehrated 
animals  possess  a  pancreas.  Tisdkmakn 
has  adopted  my  view  of  this  gland,  Meckrl 
in  his  last  work  was  inclined  to  do  the 
same,  but  Cuvier  continued  to  regard 
it  as  a  peculiar  oi^an.  This  form  of 
tbe  pancreaa  exists  also  in  the  tgafytm  and 
some  other  gasteropods,  and  I  ha\  c  nho 
shown  that  under  a  more  complicated 
torm  that  organ  exists  in  tbe  cephalopod;>. 
Now  it  is  known  to  lie  developed  lilcewise 
in  the  articulated  classes  of  anim?il«,  and 
we  see  it  there  in  the  simple  lorm  of  a 
secreting  follicle  or  glandular  cncmn. 

The  intestine,  then,  forms  several  turns 
in  the  dori^  wide  and  capacious,  and  ter- 
mtnatea  at  length  at  the  posterior  and 
superior  part  of  the  body,  surrounded  bj' 
the  branched  and  tufted  respiratory  or- 
gans. Before  it  opens  upon  the  surface 
of  the  body,  the  intestine  here  perforates 
the  auricle  of  t>ic  hcnrt ;  and  it  appears  at 
iirst  a  reiiiarkablc  position  of  the  rectum, 
that  it  sboold  here  pass  tbrongb  the  heart. 
But  when  wc  examine  the  positing  of  that 
organ  in  the  doris,  we  perceive  that  it  is 
obviously  in  the  best  possible  position,  and 
that  it  must  indeed  necessarUy  perforate 
this  auricle.  There  is  but  one  aperture  on 
the  whole  of  the  back  part  of  the  mantle, 

«ikd  whidi  <^iuog  ia  duefljr  dbposed 


from  the  large  ramified  respiratory  or- 
gans. Tbe  anui^  without  requiring  an- 
other solution  of  continuity  in  the  mantle, 

opens  in  the  middle  of  that  general,  bran- 
chial, contractile,  wide  aperture.  The 
mantle  is  here  capable  of  dosing  firmly 
by  a  sphincter  around  this  whole  ai>ertore, 
and  of  expanding  widely  to  allow  a  passage 
to  the  large  branchia?.  Those  respiratory 
organs  consist  chiefly  of  ramifications  of 
the  b-anchinl  artericy  and  branchial  veins 
covered  with  a  thin  fold  of  the  skin  over 
all  their  branches,  and  into  which  the 
blood  is  incessantly  propelled  and  con- 
veyed backwards  ;  and  the  terminations 
of  all  those  branchial  veins  form  thus  a 
continuous  drcolar  passage,  or  dilated 
venous  sinus,  around  the  margin  of  the 
general  apertui-e  through  which  the  gills, 
the  hepatic  excremcaititious  duct,  and  tbe 
anus,  pass.  The  anus  is  only  surrounded 
by  tbp  continuous  reservoir  of  all^  tbe 
branchial  veins,  which  here  form  a  circu- 
lar sinus  or  aoricle  $  it  passes  through  the 
onl  \-  aperture  on  the  posterior  part  of  the 
mantle,  and  there  is  thus  an  approach  to 
the  perforated  condition  of  the  heart  so 
common  in  tbe  conchifcrons  animals. 
There  is  an  organ  here,  like  the  ink- 
gland  of  the  octopus,  imbedded  in  the 
Uver,  and  which  sends  its  duct  to  termi- 
nate on  the  surface  of  the  body,  close  to 
the  opening  of  the  anus,  a  position  iu 
which  we  shonQd  expect  the  first  develop- 
ment  of  urinary  glands  ;  it  forms  a  amwl 
sac  on  its  duct  Uke  a  urinary  bladder. 

In  the  pMh  or  limpet,  which  likewise 
feeds  on  marine  ])lnius,  wo  observe  the 
tuouth  provided  with  a  very  long  narrow 
tongue,  much  longer  than  tbe  body,  and 
presenting  throughout  its  whole  extent 
transverse  rows  of  recurved  sharp  homy 
spines  for  filing  down  the  coarse  kind  of  ve- 
getable food.  The  wsophagus  ia  long,  wide, 
and  saccnlatrd,  the  stomach  capacious, 
lengthened,  ainl  placed  transversely,  with 
its  cardiac  and  pyloric  openings  tenninal ; 
and  the  intestine,  long,  and  convoluted 
through  the  mass  of  a  large  liver,  termi- 
nates hi  a  dilated  rectum  which  opens  on 
the  right  side  of  tbe  neck,  the  most  frc- 
([uent  position  of  the  anus  in  the  gaste- 
ropods, and  the  most  convenient  in  all  Uie 
inhabitants  of  univalve  spiral  shells.  In 
tbe  (ritonia  there  arc  two  lateral,  homy, 
sharp,  curved  jaws,  articulated  together, 
and  moved  by  very  powerful  enveloping 
iiiii~"les.  The  rrsophagtis,  striated  longi- 
tudinally on  its  inner  surface  and  very 
wide,  leads  to  a  small  membranoos  stomach 
covered  over  with  the  lobes  of  the  liver, 
and  the  intestine,  after  r  very  short  course, 
terminates  on  the  right  side  of  the  body, 

behind  the  genital  openlDf  • 
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FROR880A  GftAOT  ON  tHS  DlOBSttVE  ORGANS 


la  the  aplytia  {F^,  i5Q  we  observe 
another  oonplex  form  of  die  aJimentaty 


canal  in  an  animal  which  feeds  chiefly  on 

marine  plants,  like  the  doris.  The  lips  aio 
supported  by  two  cartilaginous  laminae, 
and  the  tongue  is  covered  with  teeth.  The 
(L'sophagus  {Fig.  158,  b)  passee  murrow 
from  the  great  muscular  ap])aratu8  of  the 
mouth  {Fig.  158,  a)  throujgh  the  double  ring 
of  oesophageal  ganglia  {Fig.  l'58,p  q  9),  ana 
dilates  into  a  large  membranous  crop  or 
curved  sac  {Fig.  158,  c  c),  capable  of  hold- 
ing a'  considerable  quantify  of  vegetable 
matter,  and  generally  filled  with  pieoet  of 
fuci.  This  first  curved  stomach,  or  crop, 
near  to  its  termination,  has  its  lower 
aperture  on  the  side,  which  leads  into  the 
second  stmnach  or  gizzard  {Fl(/.  l.')8,  rf), 
smaller  than  the  first  considerably,  aud 
smaller  than  the  third  stomach  [Fiy.  158, 
e  f),  Tliis  second  stomach  is  provided 
internally  with  broad  flat  teeth,  consist- 
ing of  a  horny  substance  and  of  rhom- 
boldal  shape,  serving  to  compress  the 
vegetable  food,  and  the  third  stomach  has 
teeth  of  another  foiiu,  consisting  of  re- 
curved sharp  conical  epines  capable  of 
piercing  the  food  for  the  ingress  of  the 
fluids,  and  of  subdividing  it  even  into 
smaller  portions.  This  third  stomach,  on 
being  opened^  Bhowl  at  its  pyloric  extre- 
mity the  nniiiprous  perforations  for  the 
hepatic  ducts  \^Fiy.  IbS,/).  Close  also  to 
these  openings  of  the  hepatic  ducts,  we 
observe  in  this  aplysla,  or  sea-hare,  com- 
mon on  our  coasts,  a  glandular  organ 
{Fiy.  158,  A),  consisting  of  a  single  long 
cajciun  nearly  cylindrical  in  its  form.  That 
caecum  is  of  a  distinct  glandular  nature, 
lilce  the  corresponding  organ  of  the  doris, 
and  opens,  like  that  of  the  doris,  uito  the 
same  pyloric  pwt  of  tlie  itomiicli  into 


which  the  bile  is  poured  by  the  liver ;  ob* 
viooaly,  therefore,  this  appears  Vb  bfe  (het 

rudimentary  molluscous  condition  of  the 
pancreatic  gland.  From  this  third  stomach 
the  intestine  {Fig.  158,  i  i)  performs  seve- 
ral convolutions,  surrounded  by  the  lobeij 
of  the  liver,  and  terminates  at  length  in 
the  anus  on  the  right  side  of  the  body  im- 
mediately behind  the  gills,  near  to  whicV 
you  observe  the  auricle  {Fig.  158,  m)  and 
the  ventricle  {Ftg.  158,  n),  leadutg  to  the 
vesicular  part  or  the  aorta  {Fig.  158,  o), 
before  which  the  great  splanchnic  gan- 
glion {Fig.  158,  r)  is  found  attached  tb 
that  great  arterial  trunk. 

The  prolKMcidian  gaitero])ods,  armea 
with  an  exterior  comjdete  shield,  in  form 
of  a  spiral  miivalve  shell,  are  for  the 
most  part  carnivorous,  and  present  gene- 
rally a  long  oesophagus,  a  short  and  nar- 
row alimentary  canal,  with  few  enlarge- 
ments, and  at  the  end  of  the  proboscis 
are  two  strong  lips,  covered  with  sharp 
teeth  {Fig.  13.'J,  a,  Vol.  II.  p.  ."^  12},  which 
lips  arc  supported  by  two,  long,  stili- 
form,  cartilaginous  bodies,  like  the  crys^ 
talliuc  stiliforrn  body  wc  saw  enclosed 
in  a  sac  opening  into  the  stomach  of 
the  oonchifera,  and  which  Poli  condi«p 
dered  as  intended  to  close  the  orifices 
the  hepatic  ducts  in  the  conchifcra,  wheil 
bile  wa^  not  wanted  in  their  stomach.  Thui 
we  sec  almost  all  the  important  visceraconi^ 
cornrd  in  digestion,  not  only  develo()ed 
and  constant  iu  the  gasteropoda ;  but  many 
of  these  glands,  here  of  great  size,  exhibit, 
as  a  normal  form,  that  conglomerate  struc- 
ture which  marks  a  higher  condition 
development  in  all  glandular  organs. 

Few  of  the  pteropodou*  animals  Iteve 
heen  examined  anatomically,  but  in  the 
clio  l/orealis,  which  belongs  to  this  cLsai^ 
and  in  others  in  which  the  digestive  afls 
paratus  has  been  examined,  wo  ohscrve  ut 
all  its  parts  a  considerable  resemblance  to 
that  or  the  inferior  gasteropoda,  and  even 
to  that  of  the  inhabitants  of  bivalve  shells, 
in  this  clio  there  are  no  teeth  in  the  fleshy 
triangular  mouth,  and  the  oesophagus 
passes  long  and  narrow  through  6ie  oraN 
nary  circular  cESophagt-al  chain  of  ganglia! 
It  dilates  into  a  stomach  of  considera- 
ble length  and  width,  thin,  membranous, 
and  perforated.  From  this  long  eirre^ 
loped  stomach,  the  short  intestine  passeif 
uiAvards  in  a  curved  form,  to  terminate 
at  the  leit  side  of  the  neck  near  to  if*  an- 
terior part  imder  the  left  gill,  where  it 
must  here  terminate,  on  account  of  there 
being  no  anterior  median  canal  or  funneL 
and  the  mantle  being  entirely  closed  above 
in  these  pleropodont  animals.  The  sto* 
mach  is  surromided  here,  as  iu  the  gaste* 
ropods  and  in  the  conchfitoroitt  anunaLK. 
and  to  a  oomidenUdt  esteRt  la  the  trw 


Digitized  by  Google 


OF  THE  MOLLUSCOUS  CLASSES. 


711 


cated  animals,  by  tli«  lohea  of  tlie  liver,  jve  observe  tlie  lecretion  of  fbe  two 

which  pour  their  secretion  into  tho  cavity  !  pairs  of  conplonicrate  salivary  glands, 
of  the  stomach  through  short  wide  ducts,  j  by  means  of  ducts  which  come  from  an 
In  the  cimbulia  there  are  horny  teeth  in :  upper  smaller  pair,  and  a  lower  much 
the  stomach,  as  in  tome  of  the  gasteropods. '  larger  pair.  The  larger  lower  pair  of  sa« 
The  simple  unarmed  mouth  of  the  hualen  *  livary  glands  are  placed  at  the  upper  and 
opens  into  a  lengthened  narrow  ocsupha- 1  l^ack  part  of  the  liver }  they  send  out  two 
gus,  whicli  leada  to  a  small  crop  and  giz- 1  duets,  wMcli  continue  separate  to  a  ooo* 
zard,  both  strong,  and,  internally,  loni^itu-  tidorahlc  distance,  ancl  then  unite  tn  asrciirl 
dinally  plicated.   The  long,  narrow,  and  to  the  mouth  as  oiu  d  iet,  as  you  see  them 


equal  intestine  has  its  convolutions  co- 
vered with  the  lobes  of  the  liver,  and 
ascends  to  terminate  on  the  rigfat  side  of 
the  neck. 

The  digestive  organs  of  the  eepkalopods 

are  those  of  carnivorous  inolliisca,  well 
armed  to  attack  their  prey  at  the  bottom 
of  the  sea,  but  in  protected  with  exterior 

coverings.  They  present  the  most  ele- 
vated and  coin]>lr\-  forin  of  the  mollus- 
cous ty])e,  winch  in  many  parts  approaches 
the  nearciit  to  the  forms  of  the  parts  met 
\^ith  in  the  vertebrata.  They  are  pro- 
vided with  very  powerful  curved  horny 
mandibles,  with  sharp  cutting  edges,  and 
formed  like  those  of  a  bird  or  of  the  tor- 
toises, consisting  of  a  shai-p  pointed  lower 
mandible  that  extends  forward  and  cui  ves 
upward,  more  lengthened  than  the  upper 
mandible.  The  n[)|)er  mandible  is  a 
shorter  and  stronger  bill.  Those  homy 
mandibles  of  the  naked  cephalopods  are 
moved  by  very  powerful  muscles,  and 
covered  externally  by  fleshy  circular  lips. 
They  have  sharp  cutting  edges,  and  are  of 
a  very  dense,  horny  texture  in  the  naked 
ccphaloiKNls,  bnt  in  the  nautilus  they  are 
strengthened  by  a  deposition  of  the  car- 
bonate of  lime,  and  in  place  of  the  usual 
fhar[i  cutting  ridges  they  are  there  more 


preserved  in  thi^  pixparation  of  these* 
pia.  The  oesophagus  passes  for  a  short  dis* 

tanee  narrow,  and  then  enlarges  to  form  a 
crop.  Sometimes  we  observe  that  enlarge^ 
ment  to  oonturae  for  a  short  oitent  in  raa 

cephalopods ;  at  other  times  it  continues 
on  along  the  back  part  and  right  side  of  the 
Kver  to  near  its  terminaHon  in  the  giz- 
zard. This  crop  you  observe  in  the  nau- 
tilus, as  in  most  of  the  naked  cephalopods, 
to  be  provided  internally  with  uuraeroas 
longitudinal  pUcser-plIcee  of  the  mucous 
coat,  extending  inwards  so  n?  nint-h  to 
increase  the  extent  of  internal  surface,  it 
consists  of  very  thin  glandular  parietes, 
where  we  observe  the  means  of  great  dis- 
tention. At  the  lower  part  of  the  crop,  the 
cesophaf^us  opens  into  the  muscular  gizzard 
on  the  right  side  and  dorsal  part  of  the 
body,  and  below  the  middle  of  the  cavity 
of  the  mantle.  Tliismuscular  gizzard  is  pro- 
vided with  very  strong,  thich,  muscolar 
parietes,  as  in  a  crornf!ilc  or  in  a  gallina- 
ceous bird ;  those  strong  parietes,  conse- 
quently, require  that  the  internal  coat  of 
the  gizzard  should  have  a  proportional 
strength,  otherwise  by  their  strength  they 
would  injure  the  internal  lining  coat.  Wc 
ot»erve  that  those  animids  are  predaeeoos 
— that  they  feed  chiefly  on  testaceotts  nnd 


obtuse,  presenting  broader  tubercuiated  |  crustaceous  animals,   for   which  those 


surlkces  for  breaking  and  masticating  the 

food  that  is  placed  between  them.  The 
tongue  of  the  cephalopod«  i«  short  and 


horny  bUlt  and  strong  mnscnlar  axm^ 
provided  with  suckers,  are  well  adapted. 

'Ihose  animals  nip  tfikm  into  rhi«<  mus- 


fleshy.    It  is  covered  over  iia  surlacc  with  .  cular  gizzard  frtMiia  nti^ ,  along  witii  par- 


recnrved,  sharp,  homy  tpioes,  placed  in 

beatitifnl  transverse  series,  as  seen  in  this 
preparation  of  the  common  tepia.  This 
form  of  mandibles  is  a  stmctore  which  is 

common  in  the  cla,sses  of  reptiles  and 


tides  of  sand,  gravel,  and  other  hard  sub* 

ttancesi,  which  I  liavr  foinid  in  this  cavity 
with  the  food,  and  t\m  enables  us  to  ac- 
Gonnt  for  the  abraded  appearance  pre- 
sented by  those  fragnients  i  f  the  shells  of 


birds,  but  is  rarely  developed  in  the  lower  i  testaceous  mollusca  and  crustaceous  ani- 
vertebrata.  We  see  that  structure  of  spines,  mals  which  we  generally  see  in  this  mus* 
however^  covering  the  tongue,  which  is|cular  gizzard.  This  muscular  gizzard, 
already  common  in  molluscous  classes  ;  ' therefore,  is  provided  internally  with  a 
and  the  common  limpet  has  its  tongue  |  very  strong  hard  coriaceous  lining,  like 
covered  over,  an  organ  in  it  three  times  tiiat  which  we  see  in  the  gtznurd  of  mnnj 
as  lone?  as  the  !)ody,  generally  coiled  up,  graminivorous  birds.  The  gizzarrl,  n  short 
and  covered  over  with  three  longitudi- j  time  after  deMii>  allows  the  coriaceous 
nal  rows  of  fliose  recurved  spines,  by 'inner  lining  to  become  loose  and  dc- 
which  the  vegetable  food  of  the  limpet  can  |  tached;  and  frequently  on  opening  this 
be  more  easily  filed  to  pieces.  They  serve  stomach  yon  are  apt  to  lose  that  coriaceous 
to  seize  as  well  as  to  abrade  the  food  in  internal  aiuiost  homy  epidermic  lining,  on, 
the  cephalopods.  removing  the  contents  of  the  stomach. 

Poured  into  the  Tiack  pnrt  of  the  and  not  to  observe  that  useful  pai  t  of  the 
mottthi  at  the  base^of  the  Aesby  tongue  J  structure,  thus  approaching  these  ceplia- 
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lopods  to  higher  forms  of  vertebratcd 
anhnalt.  The  gizzard  variefl  coniiderably 

in  its  tnagiiitudc;  it  is  always  situate  at  the 
rigbt  and  dorsal  part  of  the  abdomen.  In 
the  nautilus,  as  in  the  naked  species,  you 
observe  the  muscular  fibres  radial^K  from 
tliat  central  tendinous  jiart  on  the  two 
sides  of  the  gizzard.  This  second  stomach 
or  gicnrd  leads  by  a  short  and  wide  pas- 
sage  into  a  third  stomach,  considering  the  ' 
crop  as  the  first.  That  third  stomach  is 
OOfflmonly  called  the  spiral  stomach,  from 
the  form  which  it  generally  has  in  the 
naked  ccphalopods ;  it  varies  also  in  its 
form,  but  in  the  octopus,  the  sepia,  and  the 
loligo,  the  stmctare  is  of  a  spiral  or  con- 
voluted form,  making  a  turn  and  a  half. 
This  spiral  stomach  has  its  internal  sur- 
^ce  increased  by  the  extension  to  a  con- 
siderable distance  inwards  of  the  mucous 
internal  ooat,  forming  numerous  plicic, 
vrhich  are  trausvcrse  with  regard  to  the 
greatest  length  of  this  spiral  thin  mem- 
branous cavity.  Into  this  spiral  stomach 
<we  observe  the  bile  ix)urcd  by  a  single 
duct,  formed  by  the  juncUon  of  the  two 
hepatic  dncts,  which  unite  together  at  a 
short  distance  before  they  enter  this  spiral 
stomach.  Tliosc  hepatic  ducts  come  down 
from  the  lower  and  fore  part  of  the  large 
liver  of  the  ccphalopods,  and  throughout 
the  most  part  of  their  course  they  are  sur- 
rounded by  little  cellular  subdivided  round 
glandular  sacs  that  open  into  them  in  an 
oblique  direction,  pointing  downwards  to- 
wards the  spiral  stomach.  If  you  open 
these  two  wide  hepatic  dncta,  therefore, 
and  look  upon  their  inner  surface,  you  see 
the  transverse  valvular  openings,^like  slits, 
leailing  into  those  little  glandulw  sacs  or 
follicles. 

When  vou  inflate  the  hepatic  ducts  from 
the  spind  stomach  upwards,  you  observe 
the  air  escaping  by  short  narrow  ducts 
into  those  little  glandular  follicles.  Those 
glandular  bodies  arc,  therefore,  in  the 
same  situation  with  regard  to  the  liver 
and  the  alimentary  canal,  as  the  pancre- 
atic glands  of  other  mollusca,  and,  indeed, 
of  all  higher  and  lower  animals.  Swam- 
MBKDAM  did  not  know  of  the  existence  of 
the  true  hepatic  ducts  of  the  ccphalopods; 
neither  did  Moxro  ;  and  Movro  ima- 
gined that  the  ink  was  the  bile  of  those 
animals.  Observing  that  the  duct  of  the 
ink-gland  passes  into  the  extremity  of  the 
jectnm,  Monho  imagined  ^at  here  the 
bile  was  obviously  an  cxcrcmentitious  fluid, 
thrown  out,  not  into  the  active  digestive 
first  part  of  the  alimentary  canal,  but  close 
to  its  final  termination,  to  be  immediately 
discharged  from  the  body;  and  hethotight 
it  might  in  like  manner  be  an  cxcreincn- 
tiUons  fliud  in  all  other  animals.  Swah- 
jHBROAM  loppoied  that  this  plicsled  spind 


stomach  was  itself  the  pancreas,  not  ob- 
serving that  it  is  the  ordinary  stomach 
that  receives  bile,  as  in  al  iiost  all  other 
mollusca,  and  the  products  of  those  other 
minute  pancreatic  glands,  which  he  mis- 
took for  parts  of  the  genital  organs.  The 
bile  poured  into  the  stomach  of  the  cepha- 
lopods  is  what  we  have  already  seen  in  all 
the  inferior  molluscous  classes— in  the 
])teropods,  the  gnsteropodSytheoonchiferBy 
and  the  truncated  animals. 

At  the  opening  of  the  bfliary  doct  {Fig. 
159,  b)  into  the  third  or  spiral  stomach 

Fiff,  159 


{Fig.  l.)y,  dg),  there  are  generally  two 
prominent  edges,  like  valvular  lips,  seen 
internally,  on  opening  this  third  stomach, 
at  the  termination  of  the  common  duct  of 
all  thoie  little  glandular  pancreatic  and 
larger  hepatic  ducts  which  you  obse^^♦e 
in  this  magnified  view  of  these  parts  iu 
the  loligoj)si8,  a  small  but  interesting  ce* 
phalopml  which  isnow  beforeyon.  Those 
biliar)'^  ducts,  here  coming  from  a  qnadri- 
lobate  liver  \b%  a  aj,  ai'e  closely  sux- 
roonded  by  these  poncreatio  glands  {F69, 
15fi,  c  c),  v  hich  open  by  those  transverse, 
oblique,  valvular  passages  into  the  he- 
patic ducts.  The  opening  of  the  hepatic 
duct  into  the  third  stomach  in  the  Mi' 
gopsis  {Fig.  I'^'K  d  we  observe  to  be  pro- 
I  vidcd  with  two  long,  prominent,  thick, 
valvular  folds;  those  valvular  folds  cx* 
tend  along  the  intestine  Fig.  15i>,  A), 
from  the  spiral  stomach  {Fig.  159,  g),  be- 
coming less  and  less,  smdler  and  smaller, 
as  we  approach  towards  the  anus,  near  to 
which  they  actually  can  be  tracetl.  This 
structure  is  common  in  the  naked  ccpha- 
lopods,—this  valvular  structure  at  the 
opening  of  the  common  hepatic  duct  into 
the  spiral  stomach,  which  you  see  in  the 
loligopsit.  The  spiral  stomach  {Fig.  Ifty,  g) 
is  of  great  size  in  this  little  animal,  and  it^i 
spiral  portion  is  reduced  to  a  very  small 
superficial  appendix,  seen  at  its  posterior 
and  left  extremity;  the  great  body  of  this 
stomach  is  not  here  of  a  spiual  strurmre. 
iu  the  nautilus  this  spii'al  structure  is  still 
mora  completely  lost,  and  it  there  appears 
like  «  glohiibr  appaidix^  9^  howe?er» 
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provided  wilh  the  plies  of  tlic  mucous 
coat  extending  into  iu  interior.  In  this 
loligtyjma  the  crop  (ft^r.  159,  e)  is  long,  and 
longitudinally  plicated  internally*  and  the 
gizzard  {Fig.  159,/)  is  globular  and  nuts' 
cular. 

Tlie  intestine  passing  from  the  spiral 
stomach  of  the  cephalopods  is  wide  and 
ihort,  corresponding  wiiu  the  animal  food 
upon  which  those  remnrkahle  molluscous 
animals  sub«tat.  It  loniis  a  short  single 
turn,  a  little  downwards  from  the  third 
stomach,  close  to  the  left  branchial  heart; 
it  then  mounts  upwards,  passing  along 
the  fore  part  of  the  liver,  and  terminates 
generally  with  a  valved orifice,  imme<liate- 
ly  bcloNv  th(-  commencement  of  the  syphon 
or  funnel  ol  the  cephalopods. 

In  the  small  .tpjuota,  perhaps  the  small- 
est  of  the  naked  cephalopods,  you  observe 
the  GL'sophagua  with  scaicely  a  perceptible 
enlargement,  passing  down  behind  the  hi- 
lohatc  liver  to  the  long  gizzard,  with 
Strong  longitudinal  muscular  fasciculi,  a 
stomach  that  is  here  extended  longitudi- 
nally, or  fivm  before  backwards.  TUis 
very  large  and  strong  gizzard  in  the  sc 
fiiolot  leads  by  a  wide,  short,  and  free  ori- 
fice into  the  third  stomach,  which  here  is 
wide  and  lengthened,  and  does  not  jjcr- 
forin  the  quarter  of  a  revolution,  and  is 
marked  by  nmnerons  transverse  plicse  ex- 
tending inwards,  which  affect  even  its  out- 
ward foj  tn.  Irr  this  hack  view  of  the  se- 
piola,  you  observe  the  large  interior  pair 


tor  swimming,  although  admirably  pro- 
vided with  prehensQe  organs,  in  the  form 

of  those  long  muscular  feet,  covered  with 
suckers,  and  disposed  around  the  bead 
and  month.  As  tn  ^  birds,  we  see  here 
the  powerful  horny  bills ;  we  see  the  crop 

upon  the  fvsophnpns,  we  see  the  muscular 
gizzard,  with  its  coriaceous  lining,  uf  the 
birds.  Here  you  will  observe  there  is  yet 
no  cxcuni  developed  upon  the  colon  ;  and 
we  scarcely  observe  in  any  of  these  in- 
ferior inrertebratod  animals,  a  distinctly 
closed  nt  ( r, cnl  cnvify  fl  "velopcd  in  that 
region  of  tiie  alinieutary  canal.  Indeed 
you  observe  scarcely  a  distinction  yet 
established  i>ermanently  between  the  ctuon 
itself  and  the  small  inte><hne.  The  com- 
parative shortness  of  the  aliuientary  canal 
ber^  as  in  other  camivoroiis  invertebrata, 
depends  on  two  circumstances.  The  ce- 
phalopods feed  on  animal  food,  which 
must  not  be  in  large  quantity,  nor  linger 
long  in  the  digestive  organs  to  extract  its 
nourishment,  otherwise  it  would  putrefy  j 
its  highly  com^wimd  elements  would  enter 
into  newcombmation^,  which  would  prove 
most  injtnious  to  life.  Another  circum- 
stance is,  that  those  cephalopodous  ani- 
mals are  still  low  in  the  scale;  and  we 
ob>M  I  ^•o  tlvrt  this  internal  alimentary  canal, 
for  tlie  reception  and  elaboration  of  food, 
becomes  more  lengthened  and  complicated 
as  w  e  ascend  fioin  it<?  first  appearance  in 
the  lowest  animals,  upwards  to  man,  or  to 
the  mammalia,  where  it  is  proportionally 


with  distinct  functions,  than  in  all  the  in* 

ferior  classes. 
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of  the  salivary  glands  lying  above  and  j  longer,  and  more  divided  into  distinct  parts 
hi  hind  the  liver.  The  bile  is  poured  in  by 
two  long  hepatic  ducts,  uniting  into  one 
before  they  enter  the  thhrd  stomach.  The 
liver  here  is  easily  observed,  ujjon  re- 
moving its  peritoneal  coat,  to  consist  of 
nnmeromi  ramified  ca;ca,  which  can  be 
detached  and  observed,  floating  loosely  in 
the  water,  upon  removing  the  cellular  tis- 
sue and  vessels  which  slightly  connect 
them  together. 

The  ina;;nitude  cf  liver,  the  ^salivary 
glands,  and  the  pancreas,  here  in  the 
cephalopods,  in  nothing  remarkable,  for  we 
fin«l  all  tlu  bC  assistant  chyloiioietic  glands 
greater  in  the  mollusc*ous  than  in  the  ar-  Pre/aioiy  Eemarku, — Clinical  observa^ 
ttcttlated  classes;  in  the  molluscous  [  tions  ai'e,fortheniosti)art,  made  on  patients 
classes  we  observe  a  greater  numl>er  of  j  in  puMte  llOl^tals,  but  as  the  diseases  of 
8|)ccie.s  to  fu  d  upon  vepjetahle  substances,  the  i»oor  are  usually  far  a-h  anced  before 
or  upon  annuals  \tiy  losv  in  tiic  scale  ;|  they  are  admitted  intoour  ciiuiiiahle  mcdi- 
whereai  the  articulated  classes  we  have  i  cal  iu.stitutions,  students  seldom  have  op« 
icen  Organi/i  1  to  feed  chiefly  u])on  ani- '  portunities  at  an  hospital  of  becoming  uc- 
inab^  and  u^xiu  animals  even  higher  in  quaiutcd  with  diseases  in  their  early  stages, 
the  scales  than  themselves.  [  and  are  ezduded  from  teeing  diseases. 

Thus  we  ohservf  these  ccphalopo<1s  to i  which,  in  consequence  of  their  mild  i  ha- 
posscss  many  pai  ts  in  common  w  ith  the  racter,  are  not  usually  consideieU  fit  ob- 
class  of  binlt,  the  feathered  inhabitants  jects  for  admission. 

of  the  air,  although  they  are  animals  or- 1  There  arc  some  diseases  w  hich  are 
pfuii/eil  to  inhabit  the  d<'!  ]»  recesses  of  met  with  only  in  ]>articular  cln-  <  of 
the  ocean,  b«;iu^  but  iuipci Ice ti)  orgauucd^ people,  the  |)0or  bciu)^  ulHictcd  wuii  ail- 
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nients  which  are  seldom  or  never  ob-  j  think  that  clinical  observations  not  con- 
•erred  amongst  individuals  in  other  ranks  fined  to  the  diseaws  of  tmy  one  clam  of 
of  life;  vrhilC)  on  the  other  hand,  affluent .  the  conimunitf,  hut  including  those  of  the 
persons  are  subj'ct  to  iliseascs  which  do  middle  and  upper  ranV-!^  ns  well  as  the 
not  afflict  the  intligent  iportiou  of  the 


lOU  ( 

eommunltjr.    Tlicrd  a«e  iim  mtmf  disv 

eases  which,  th-jngli  they  arc  common  to 


indig^t,  are*  still  mi^ng  ^ii  our  annals, 
and  that  lluir  «niintt4katioii  would 

greatly  contribute  to  the  advancement 
all,  assume  considerable  variety  of  cha-iof  medical  science.  The  collection  of 
racier  according  to  the  d!fferent  dasaes  of,  materials  fn  tnfficient  qvan^  to  form  ft 

people  affected  by  them,— the  habits  of  distinct  volume  of  such  clinical  remavks 
the  body,  well  as  the  avocations  of  the  would,  without  donht,  advantageonsly  oc» 
raiad,  ha\  iiig  each  much  influence  on  the  cupy  jnuch  time  and  thought,  but  to  ren- 
hnman  frame,  and  greatly  modifying  the  ider  such  a  work  complete,  the  co-opera- 
coitrsp  of  disease.  The  clinics  of  lio'jpi- '  tive  c  tforts  of  nmny  infliviH'ials  would  be 
ti^s,  therefore,  arc  to  such  extent  im- ;  neccssaiy.  My  present  pur^e,  there* 
petffict  as  a  meant  offaittraeHon  ttk  ^ose '  fore,  is  merely,  as  often  as  circumstances 
who  are  cilni  nted  for  fho  medical  profos- >  permit  me,  to  In  ivie:  tor;t  thor  some  cases 
sion ;  and  not  only  in  these  respects,  but '  to  illustrate  a  particular  practical  or  pa- 
in another,  inasmnch  as  the  nature  of  [  thological  point,  being  guided  hi  the  se- 
hospital  practice  limits  our  acquaintance  lection  by  those  accidental  circumstances 
with  the  effects  which  particular  modes  which  may,  at  the  time  of  recording  tijcm, 
of  treatment  produce  at  distant  periotlsj  I  more  particularly  cn^ge  my  attention.  In 
whereas  in  the  classes  of  societf  whosfei  narrating  cases  I  shalteiideavonr  tosroid 
diseases  are  treated  in  i  rr  rite,  the  histoiy'tmnecesaary  details,  and  simply  record 
and  treatment  of  affections  can  generally !  such  parts  of  their  history  as  appear  ne- 
be  traced  to  their  termination,  and  tlie|ce88ary  to  illustrate  Ibe.  Mticuaur  point 
ultimate  results  distinctly  ascertained,  for  which  they  are  adduced. 
Moreover,  in  hospital  practice  it  is  too  I  may  here  ob-'frve  that  many  of  tb« 
comtnon  to  conceal  the  result  of  cases  cases  to  which  I  shall  i  cter,  and  many  of 
which  are  unsueeeaafally  treated,  from  the  I  the  olMervations  which  will  accompaiqr 
])ublic  eye,  and  especially  reprehcnsihlo,  Uhcm,  were  collected  and  formed  at  an 
though  but  too  frequent  is  it,  to  recom-  early  period  Of  my  practice.  Thus  1  shall 
mend  in  clinical  reports  certain  systems  have  the  advantage  and  satlsftcClon  of 
of  treating  diseases,  which  time  subse- '  knowing  that  time  has  enabled  me  to  con- 
quently  proves  to  he  nnworth}*  of  con- ,  firm  their  accuracy  by  snlfscqnent  orperi- 
fidence,  the  true  character  of  those  sys-  ence  on  repeated  occasionti,  and  I  shall 
f ems,  however,  not  being  iUterwards  laid  |  offer  them  to  the  public  with  the  greater 
before  the  public,  all  further  experience  of  confidence.  1  cannot  here  avoid  observing 


the  remedies  or  modes  being  thus  coa< 
cealed,  as  far  as  fhetr  propagators  are 

concern  cfl. 


that  the  habit  of  noting  down  case^  and 
recording  oliservaiSons  in  ettiy  life  a 

most  valuable  custom.    It  liot  onlv  facili- 


It  has  long  appeared  to  me  that  an-  tales  composition,  but  leads  both  to  occu* 
Olber  great  nnit  in  the  records  of  hos 


pital  cases  is,  that  of  giving  undue  import- 


racy  of  thinking,  and  a  correct  mode  of 
observing  the  multiplied  ])henomena  of 


ance  to  examples  of  disease*  which  are  disease.  Moreover,  the  impressions  which 
remarkable  only  for  their  rarity  or  their  |  are  made  on  the  mental  faculties  when 
Ibrmidable  characters.  The  same  undue  young  are  far  stronger  tlian  those  wbich 
vr.lne  ??i^cms  often  to  be  placed  on  what  is  occur  to  us  in  advance  years,  and  habits 
seldom  to  be  seen  in  disease  as  is  award-  of  industry  acquired  when.the  surround- 
ed to  objects  for  gratifying  the  tenses ; '  ing  objects  of  life  are  new  to  tbemlnd^lay 
whereas  the  student  would  derive  essen-j  the  foundation  for  future  excellence  In  any 
tial  advantages  from  being  made  familiar  avocations  that  we  may  be  pursuing,  and 
with  the  synjptoms,  and  expert  in  the  ma-  in  none  so  firmly  and  usefully  as  those  of 
nagement  of  diseases,  which,  though  not  [  the  medical  art.  Youth,  too,  affords  un* 
endangering  life,  yet  materially  affect  the  i)aralleled  advantni^'c-^  for  gathering  infor- 
comfort  of  those  who  are  afflicted  by  them.  >  mation  worthy  of  being  i*ecorded  relative 
Besides,  it  onght  to  be  remembered  that  {to  the  practical  rules  and  opinions  c^emf- 
those  diseases  which  arc  usually  cousi-  nent  men  in  vai  ions  branches  of  science^ 
dered  to  be  of  minor  importance,  exhibit; with  whom  we  then  have  opportunities, 
phenomena  equally  interesting  to  the  as  students,  of  couiiug  iu  contact.  How 
pathologist,  with  those  of  a  more  serious  j  much  useful  knowledge  daily  goes  into  the 
character,  while  the  fnrmcr,  from  their  [grave  with  those  who  possess  it,  which 
greater  frequency,  afford  a  far  more  ex-  j  might  have  been  saved  to  the  profession 
tended  field  for  observation.  jftnd  the  world,  had  ft  been  i«oorded  by^ 

ThMe  conaidmlioiu  hm  tod  me  tej  induititoai  pupils  and  aaiim  olwemn 
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LECTURE  XLIV. 

OH  THE  DIGESTIVE  ORGANS  Ol'FI8HES, 
AlfPHIBlA.  AND  RBPTILV8. 

Of  all  the  organs  of  nutrition,  or  of 
vegetative  life,  the  dltxestive  are  those 
«'hich  arc  most  imnicdiately  related  to 
the  kind  of  food,  the  peculiar  instincts 
and  habits,  and  the  whole  sirncturc  and 
internal  economy,  of  aniiuala.  Wc  have 
seen,  throughout  the  invertebrated  tribes, 
that  the  form  and  the  development  of 
their  di'^estive  npparatus  are  most  inti- 
mately and  necessarily  connected  with 
their  means  of  perceiving,  distinguishing, 
and  obtrii  11.; ly  their  food,  their  organs  of 
perception  and  locomotion  i  so  that  the 
organs  of  the  senses,  the  nervous  system, 
and  even  the  muscular  and  the  osseous 
systems,  hnve  their  strurtnre,  ;iiid  forms', 
and  extent  of  development,  in  j)i  rfeet  ac- 
cordance widi  the  condition  of  the  diges- 
tive organs.  Indeed  the  organs  of  anhiml 
f{fet  notwithstanding  their  importance  and 
^eir  high  physiological  character,  are 
subordinate  to  those  inoi  e  general  organs 
of  individual  nutrition  or  of  vr//etatire  life, 
and  are  developed  in  accordance  with 
tiieir  condition.  The  monad  is  ciliated 
to  move  a^oiit,  and  select  and  seize  its 
prey,  because  it  has  many  hungry  sto- 
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machs  to  satisfy  with  particular  kind&  of 
food ;  but  the  poriferous  animal,  feeding 
on  the  simplest  forms  of  organic  m^ttei- 
diffused  through  tiie  mass  <^  the  ocean, 
needs  no  such  power  of  locomotion,  and 
it  grows,  fixed  like  a  lichen,  on  the  rocks. 
When  the  digestive  apparatus  becomes 
mure  c.\({uisitely  organized,  and  adjusted 
for  the  assimilation  of  matter  only  in  a 
particular  condition,  it  must  necessarily 
be  provided  uith  numerous  organs  of 
sense,  and  organs  of  locomotion  and  pre* 
hension,  to  distinguish  and  obtain  this 
peculiar  form  of  matter.  These  mutual 
relations  necessarily  exist  between  aQ 
parts  of  the  same  animated  machine,  and 
their  study  leads  to  the  discover}-  of  those 
interesting  laws  which  regulate  the  co-. 
existence  of  organs  and  parts  in  animal 
bodies.  It  is  by  an  acquaintance  with 
these  laws  that  we  are  enabled,  from  the 
structure  of  one  organ,  to  infer  that  of 
many  othci*s,  and  from  the  examination  of 
n  part  of  an  animal  to  construct  its  whole 
I  fabric. 

!  In  the  class  of  fishes  we  see  the  first 
;  and  lowest  A  crtebral  condition  of  the  ali- 
I  meutai'y  canal,  and  of  the  whole  digestive 
I  apparatus.  Fishes,  voracious  to  a  proverb, 

suhslst  almost  entirely  on  animal  food. 

j  Tiic  ocean  teams  chiefly  with  animal  life. 
It  is  a  dense  and  rich  and  moving  and 

'  tempestuous  element,  where  vegetation  is 

I  comparatively  smali,  contrasted  with  its 
development  in  the  light  and  unresisting 

t  element  of  the  atmosphere.  This  rich 
and  resisting  element  of  water  abounds, 
in  every  latitude  and  in  everydrop,  with 
8^  forms  of  animated  befangs.  We  observe 

;  thus,  that  fishes  have  the  means  of  easily 
satisfying  their  voracious  appetites-  ^  ith  a 
ticlccLion  of  all  kinds  of  food  in  the  am- 

I  maU  that  team  through  every  latitude,  and 
through  every  stratum  of  the  ocean  which 
encompasses  so  large  a  portion  of  th:s 
globe.  Their  t^th  are  not  generally  in* 
struments  for  mastication,  but,  as  v  o  liave 
seen,  arc  formed  for  prchcnsiou,  and  are 

I  often  fixed,  with  a  solid  osseous  connexion, 
to  the  gums,  by  the  ossification  of  their 

'pulp,  without  roots  or  alveoli,  not  opposed 

I  to  6ach  other  like  flat-crowned  teeth  j 
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tt<f  are  ilMrp^  reciimd^  idmilar,  denM  iHm  fonn  of  a  tirge  apberical  sac,  wM^iti 

and  pointed  cones;  they  arc  often  loohcly  '  cardiac  orifice  near  to  its  pyloric,  ynn 
attached  to  the  jaws,  disposed  in  nume-  sec  in  this  kphimtf  and  with  strong  nm&- 
rou8  rows,  consisting  chiefly  of  bone,  with  |  cular  parietM.  We  iJhmi  w  Hit  «MO|pk»» 
little  or  no  enamel,  and  therefore  it  is  that '  gus  often  very  thick  an  !  tnTiscular,  and 
ire  find  their  central  pulp  so  firequently  markad  by  lonirittulinal  or  transverse  foAtb 


ontfied  and  aodbylosed  to  the  surface  of 
th«  Jawt  hk  ttore  advanoed  life.  Those 

crowns  of  teeth  are  obviously  mere  pre- 
hensile organs,  as  you  observe  frequently 
developed  in  dUFextmt  pafte  of  the  tnoum 
in  other  cbMe^  ai  on  Mm  tcmgue  in  birds, 
on  the  vomer  of  amphibia,  on  the  i)ala- 
tine  bones  of  serpents,  on  the  tongue  of 
mottntcoas  aolinali,  and  even  on  the 
tnriRue  of  flshcs.  Those  prehensile  or- 
gans, adapted  to  gra^  and  retain  every 
living  thing  that  novM  in  the  iwaten,  arc 
]&c^  in  all  parts  of  the  nioutli  nf  these 
all-dcvonring  animals;  they  are  placed 
often  ou  the  branchial  arches,  on  the  os 
hyoides,  on  the  intermaxillaTy  hones,  on 
the  palatine  bones,  on  the  vomer,  on  the 
pharyngeal  bones,  as  well  as  on  the  upper 
and  lower  jaw-hoaes.  Some  iUhes  are 
entirely  destitute  of  tc(  th  of  every  kind. 
The  tongue  is  generally  very  short,  broad, 
and  fleshy,  in  fishes ;  their  oesophagus  is 
generally  very  wide  and  short,  and  with 
internal  folds  of  the  mucoug  coat,  and 
opens  directly  into  their  capacioujj  sto- 
nadi.  Thus  the  food  of  fishei  not  being 
masticated  in  the  mouth  does  not  dwell 
thersb  and  as  there  is  abundance  of  roois- 
tnre  with  tbdr  food,  they  require  no  nU- 
•wary  glands,  and  have  none.  Their  (eso- 
phagus is  wide,  becaoM  their  food  is  swal" 
lowed  entire. 

Now  then  fiehes,  which  an  hut  hungry 
larva^,  hnvc  thus  thrir  large  stomach  al- 
most opening  ou  their  outer  surfiace,  so 
wide  and  short  generally  is  the  oesopha- 
gus. They  are  all  Rtoiiiach,  like  the  larvae 
of  Other  classes,  and  are  chiefly  intent 
upon  the  gratification  of  their  voracious 
appetites.  All  other  sense  seems  to  be 
idisorbed  in  this.  No  soft  sounds  to  charm 
their  ears  are  heard  in  the  silent  deep. 
No  roaring  of  Ucms,  or  other  fierce  anl- 
jnals,  to  excite  their  alarm.  They  are 
dumb,  because  they  have  no  lungs  nor 
larynx  and  so  they  should  be,  as  they  are 
ao  deal  Their  huge  eyeballs,  what  can 
tliey  see  to  engaj^e  their  attention  but  their 
prey  in  the  vast  dark  deep,  clouded  with 
nudy  or  the  ever-moving  sands?  You 
ate,  therefore,  that  all  their  senses  but 
that  of  hunger  are  obtuse.  Look  at  their 
Bnall  brain ;  it  is  permaneafly  in  the  very 
embryo  estate,  the  very  earliest  con- 
flition  of  the  huinnn  fiutal  brain.  And 
thus  fishes  have  little  to  mind  but  their 
Stomach,  which  is  a  crucible  adapted  for 
the  decomposition  of  allkindsof  orgtinizcil 
matter*  The  stomach  of  fishes  is  often  in 


of  lha  mucdus  coat,  which  extend  akmg 
the  cavity  of  the  stomach,  and  the  begin- 
ninc^  nf  the  'Stomach  is  often  indistinguish- 
able 0'om  the  oesophagus.  Sometimes  this 
ttonaeh  is  more  of  a  flask  form,  dilsliBg 
gradually  from  its  comrnoncemrnt  at  the 
cardiac  orifice  to  the  middle,  then  taper- 
ing downwards  to  its  lower  closed  estre- 
mity,  as  you  see  in  the  pohg^term,  the 
xiphiaSt  and  many  other  fishes. 

The  pyloric  orifice  is  variously  situate 
upon  the  polymorphous  stomach.  Soois" 
times  it  is  ij'.iccd  near  to  the  card'ac  ori- 
fice, as  you  sec  in  the  tteord-fish,  and  the 
lophius ;  sometimes,  as  m 
the  lamprey t  we  observe  It  placed  at  the 
lower  extremity  of  the  stomach ;  some- 
times the  stomach  bends  upon  itself,  s* 
we  see  in  the  rays  and  the  sharks ;  this  is 
the  common  form  in  the  higher  cartilagi- 
nous fishes.  The  stomach  here,  in  the 
shark,  passes  down  w|d6  and  then  im 
an  anfi^e»  taming  upwards,  and  be  coming 
narrower  and  more  mnseidar  towards  the 
pyloric  extremity.  The  pylovic  mxat^K 
part  of  Ae  stomach  in  fishes  is  afieS 
strong  as  a  gizzard.  At  this  pyloric  ex- 
tremity of  the  stomach  we  observe  the 
moootn  coat,  passing  freely  inwards,  sos 
forming  a  circular  projecting  fold  of  the 
mucous  coat,  with  rough  margin,  oxiydp 
ing  into  thu  interior;  this  is  the  pyhwP 
valve,  which  is  remarkable  for  its  coo- 
stancy  in  this  class.  In  the  moUuiooss 
animals  similar  valvular  folds  arc  cominon> 
In  the  cfaMs  of  fishes,  heyand  this 
valvo  V  e  observe  the  orifices  of  " 
tic  and  the  pancreatic  glands. 

Those  pancreatic  glands  in  Ae< 
fishes  have  tiie  fonn  of  small  appendie^ 
cacOj  more  or  less  numerous,  that  Off^ 
around  the  pyloric  extremity  of  the  stt** 
abh  immediately  beyond  the  pyloric  valve, 
pourinp;  their  secretion,  of  a  turbid  while 
appearance  and  thick  consistcnce»  into  the 
commencement  of  the  dnodennm*  TUsis 
the  form  and  position  of  the  pancreas  m 
the  osseous  fi?hp<? ;  hut  those  pyloric  caeCT 
vary  very  mucii  in  their  1 1  umber  and  fbW** 
Sometimes  there  are  hundreds  vt  them 
communicating  with  each  othrr,  and  col- 
lected together  in  this  situation  aro^ 
the  pylonc  end  of  the  stomadi,  as  taw 
mackerel ;  or  opening  by  one  great  orifice 
at  the  commencement  of  the  duodcnnto, 
as  in  the  sturgeon  and  in  the  ficord-fitf'> 
We  find  the  number  diminishing  until 
wc  are  left,  in  the  prrrh,  with  only  three 
csca^  and  in  the  lopMus  and  tii^ 
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rmeetet  with  only  two.  The  nature  and 
relatiooa  of  thoae  apjpeadicwi,  Jbowever, 
ace  not  i»  tbd  -laast  •Iterad  4qr  there 
licing  only  two,  or  as  many  as  tiw  lBm-> 
4red.  In  tbe  cartilaginouii  fisbea  the  paa- 
tfSM  Imv  ft  congplomer«te  appearance, 
from  thete-catca  being  lonuiohlMigtliined 
amd  so  much  snbdividcd. 

.  In  the  digestive  oi^;attt  of  the  xipMtu  gla- 
iim  ^*AW)t  wUdi  fa  a  y—nful  proda- 


ceous  fish  inhabiting  the  open  seas,  we 
obeerfea  veiy  itvongmiucuhftriBsophagus 
leading  to  a  closed,  lengthened,  bottle- 
shaped  stomach  i,Fiy.  160,  a),  with  very 
tUdi  pwtelM  aadftitmig  oardiac  sphinc- 
ter. The  pyloric  orifice  {F^f.  ICO,  b)  is 
near  the  cardiac,^  the  anteiior  extremity 
of  this  long  jMnovp  aac,  and  bat  a  vety 
distinct  fold  of  the  ttiucous  coat 

finrming  a  circular  valve.  Immediately 
beyond  this  valve  is  seen  the  entrance  of 
lika^  dmaiw  eomiimMi».§kokdochuSt  and  the 
wide  opening  of  the  general  duct  (Fig.  160, 
/)  of  all  the  pancreatic  ca^  which  here 
tan  a  lafge.mlim  aaan  160, 
oovwodwith  a  muscular  tunic  and  the  pe- 
ritoneum. The  liver  {Fit/.  160,  cj  i«  un- 
divided, rather  small,  and  sends  oat  three 
ducts,  which  enter  the  cystic 
to' its  termination  in  the  duodenum, 
gall-bladder  {Fi^-  160,  d)  is  curved, 
'  I,  mUh  ft  kM^  cystic  duct.  The 
small  intestine  (J%.  160,  is  long,  nar- 
row* and  muscolar,  and  j^esents  an  inter- 
nal okmdar  fold  of  the  nmeow  coat  pro- 
laofeittg.Cree  where  it  terminates  in  the  very 
short,  wide,  and  straight  colon  {Fii/.  160,  h), 
iaycming  a  distinct  valvula  coli.  'J'he  pan- 
mtm  (FSff,  161)  of  tliis  animal  wheaopened 
shows  its  innumerable  component  ca:ca 
connected  together  into  a  large  kiducy- 
ahapadjnaas.by  meanaof  intwveniug  cel- 
lular tissue  and  capillary  vessels.  Thi» 
Iay^o  pancreas  is  composed  of  innumerable 
biiut  sacs,  each  about  a  line  in  diameter, 
tlM-«laMd  «idi  i|f  vbtoh  «!•  aeen  aU  over 


the  surface  of  the  organ.  These  little  csea 
are  fiUod  with  a  thick  wbiAe'«ecretion*  aiid 
are  Imed  bgp  the  iiMMieMbo  AvMoMnf 
the  single  great  duct  by  which  they  all 
pour  their  contents  into  tlie  duodenum 
immediately  below  the  pyloric  valve,  as  I 
described  many  yeaos  ago  in  the  AfsAee* 
Chiruryical  Transactioru  of  Edinburgh. 

£aoh  caecum  composing  the  pancreas 
of  tbe  wiwftm  does  not  open  sepsialely 
into  the  duodenum  as  stated  by  Cuvier, 
but  by  one  great  oriAce,  as  shown  by 
MoNB.0,  and  as  1  have  shown  also  in  the 
xiphias.  If  we  are  reduced  in  the  nlnai-af 
fishes  to  this  very  simple  form  of  the  pan- 
creas, consisting  of  two  csca,  obviously 
tnaoed  to  be  tiai  oigaD,  Inr  filMat  it 
from  man  downwards,  or  from  this  form 
up  to  man's,  in  what  &»nn  should  you 
eKpeet  tftiad  tfab  argsft  when  yon  looked 
for  it  lovtr  down  in  the  scale  of  animals  f 
Somewhat,  surely,  of  the  same  simple 
structure  as  we  saw  it  in  the  gasteropods* 
(bi  the  condition  of  a  single  pgrbiic  CBcmD> 
conjectured  rightly  by  CaftUB  tO  be  Hw 
analogue  of  this  organ. 

-It  is  laAsrestingto  toaoe  demwiasda  tbe 
forms  of  those  %vel1  known  glands,  and  to 
seek  thus  for  their  aimpteat  forms  in  the 
vertehrata,  in  order  that  we  may  rec(^« 
alM  llM«itill  simpler  taas  of  the  same 
01^18  when  they  presmt  thenuaUnM 
among  the  inveitebokted  classes. 

In  Ibe.cutib^Miis  Mealbe  paaewas 
assumes  the  conglomerate  form  which  it 
presents  in  the  higher  forms  of  vertebrata. 
In  the  swocd->fisb,  tiut  organ  is  my  lai^; 
it  is  larger  than  the  liver  itself ;  it  wei^ha 
six  ounces  more  than  the  liver;  it  con- 
sists in  Uie  sturgeon,  as  in  the  xiphiaa, 
of  iiwmawina  -ceca  enclosed  in  one  maia 
in  a  muscular  sheath,  hundreds  of  ca;ca 
that  are  all  lamified  Jbnm  one  great  .dxujb 
«r  eriflee,  and  UmiI  ofMoe  opena  iato 
the  duodenum  close  to  the  anal  side 
the  pyloric  valve,  and  to  the  termination 
of  the  ductus  communii  choledocAu*.  Thif 
complex  pancreas  is  surrounded  aatar- 
nally  by  a  ])eritoneal  and  a  muscular 
coat.  This  muscular  structure  of  the  exte- 
fhw  furic  oomprisMe  timt  lai^ge  ^aaduibr 
orgEm,  and  forces  out  the  secretion  which 
its  numerous  component  casca  contain. 
In  the  cartilaginous  fidien  there  is  a  true 
conglomeroBS  glaa^  tbe  BMMt  big^  dft- 
veloped  form. 

Tbe  intestine  of  fishes  varies  consider- 
ably in  its  length,  aoeerdiBg  to  the  Idnd 
of  food;  it  is  for  the  most  part  short,  and 
sometimes  is  much  shorter  than  tho 
length  of  llw  body.  In  tbe  flying-fish  yon 
will  observe  that  it  passes  in  a  straight 
line  from  the  mouth  to  tbe  anus,  and  is 
thus  not  half  the  length  of  the  body,  and 
yettldBiftinft  vertabnled  aDfaitaL  Itio 
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tbe  two  united  orldactt.  The'Ovidiicta» 

Which  ¥a  osieo^t  Mies  Ave  onlf  tira  anee* 
rlor  portions  of  tbc  ovaries,  commu«ic«t6 
with  each  other  before  their  final  opeAiUfi 
and  foftil  thitf,  mtpMfently,  one  ovRry  flr 
oviduct,  with  its  Tipper  part  divided  into 
two.  The  posterior  part  of  this  geaend 
▼ent,  Ukail  AMt «  Hio*  ta>U»  prefenttttlw 
opening  of  the  urinary  organs,  sometimes 
with  and  sometimes  without  a  bladder. 
In  the  mammalia  the  rectum  ie  placed 
bind  the  uiBMry  organs  in  front,  and  tiie 
genital  organs  in  the  middle.  On  each 
sidu  of  the  anus  in  the  cartilaginous  fish«i^ 
Urare  it  a  ▼alndtt' <Mi||M  «p^dng -sAioll 
leads  into  the  cavity  of  the  peritoneum,  aa 
you  observe  in  all  the  rays  and  sbarksi 
These  two  peritMnal  openings  ■*  tMs 
sides  of  tbe  wnii  avB  seen  in  other  fisbes, 
as  the  lamprey,  the  sttirgeon,  the  swonl- 
fish,  the  salmon,  and  also  in  animals  of 
aquatie  Mbit*  belonging  to  the  claitf  of 
reptiles,  as  we  see  in  the  gavials,  the  cro- 
codiles, and  tbe  alligators,  ami  may  tQrre 
to  allow  tome  perltoneol  livid  secwilmi 
to  escape,  though  their  vahnilar  oblique 
orifice  wiU  permit  nothing  to  enter.  The 
anus  in  fishes  is  never  at  the  end  of  the 
trunk,  and  Is  generally  considerably  ante* 
rays  it  presents  an  extensive  surface,  from  '  rior  to  the  end  even  of  the  abdominal 


almost  equally  sbort  and  ttralgbt  in  tbe 

lAfnprey.  At  other  times  it  bas  numerous 
and  long  convolutions.  At  a  short  dis- 
tance before  it  terminates  in  the  rectum, 
obterve  tlMit  It  sends  inwnfdt  li  fold  of 
tbe  mucous  coat,  \\  liich  forms  a  valvular 
projection  into  the  interior  of  tbe  cavity 
of  &•  Intestine;  tbat  is  tbe  vahre  of  tbe 
colon;  the  colon  from  that  part  is  gene- 
rally somewhat,  though  very  little,  en- 
larged to  the  extremity  of  the  rectum.  In 
the  river  laiB|iref,  pHromisim  flmMUitt 
before  you,  yon  obscn'c  the  a'sophagus, 
•stomach,  and  intestine,  passing  nearly  in 
-a  itndgbt  Hne  ttom  tbenoutb  to  tbe  anus, 
the  whole  alinientaiy  canal  being  shorter 
than  the  length  of  the  body,  in  the  car- 
tilaginous fishet  we  obterVe,  fn  tbe  rays 
and  dUUfkt,  that  on  tbe  exterior  the  in- 
testine appears  remarkably  short,  and  al- 
most straight  from  the  pyloric  extremity 
of  Uie  ttoma«A  to  tbe  mat,  but  the  food 
bas  a  very  extensive  course  to  pass  through 
in  going  through  this  apparently  straight 
iatostine^  in  consequence  of  a  convoluted 
fold  that  is  seen  to  wind  round  in  a  spiral 
manner  through  its  whole  interior.  This 
convoluted  fold  is  seen  also  in  the  stur- 
geon and  most  cbondropterygii.   In  the 


the  close  approximation  of  those  convolu- 
tions; but  in  tbe  tbailct,  tbe  spiral  turns 

of  this  mucous  fold  are  placed  at  a  greater 
distance  from  each  other,  although  the 
kind  of  structure  is  essentially  the  same 
at  in  tbe  rays,  formed  like  tbe  turns  of  a 
stair,  along  the  whole  course  of  which 
the  food  has  to  pass.  We  observe  the  in- 
testine of  considerable  lenglb  in  several 
of  those  fishes,  although  their  food  is  not 
ve^table.  This  is  frequently  on  account 
of  Hie  low  degree  of  organlntion  of  tbo 
animals  upon  which  these  fishes  cbieity 
subsist,  and,  consequently,  the  degree  of 
eluliorution  which  such  iood  has  to  un- 
dergo before  it  can  be  brought  to  the  con- 


cavity, which  often  extends  fisr  backwarda 
iftio  what  appears  to  be  tbe  cndal^nrt  off 

the  trunk. 

Now  as  this  digestive  apparatus-  of 
fisbes  is  its  simplest  form  met  with  in  Mia 
vertebrata,  we  find  it  to  present  all  tittk 
diversity  which  we  commonly  obeerve  ill 
the  lowest  conditions  of  organs.  Tbe  dte* 
tinetlon  of  great  and  snoall  ^otoNlBO  it 
sometimes  obvious,  and  sometimes  quite 
imperceptible.  Althougb  there  areyet  no 
vahmte  connltentct^Mibe  mtam  Mifcti 
is  often  greatly  extended  by  longitudiaal 
or  transverse  rugse  or  plica*,  or  by  its  vil- 
lous surface.  The  alimentary  canal  is 
sbort  in  flsbes,  because  they  are  yet  Icrwilll 


dition  of  their  body.  There  is  no  ca?cum  !  the  scale,  and  their  food  has  less  change  to 
on  the  colon,  but  only  the  valvula  coli.iundei^  to  bring  it  to  their  oonditiOftj 
Tbe  alimentary  canal  In  fisbes  passes  |  but  tbeir  sbort  canal 

smooth,  without  vfilvula)  conniventes,  but 
with  villi,  and  often  nigcr,  and  terminates 
in  a  short  general  cloaca,  which  receives 
the  terminations  of  the  two  oviducts  in 
the  female,  as  well  as  the  tenninations  of 
the  urinary  organs,  and  in  the  male  tiie 
terminations  of  tbe  two  spermatic  vessels. 
They  are  (liffercntly  placed  here,  however, 
from  the  position  which  they  occupy  with 
relation  to  eacb  other  in  quadrupeds ;  for 
if  yon  consider  tbeir  positicm  in  this  spe- 
cimen of  the  father-lanbcr,  vou  observe 

that  on  the  anterior  part  is  the  opening  development,  from  two  simple  csecu  10  its 
of  the  intestine ;  the  rectum  Is  seto  pass-  |  most  cenglonieiate'  <bttt,  'A<d'^<iWfc>l»li 

ing  down  in  front  of  the  ovaries.  The  entirely  w  anting.  The  nidiments  baH- 
middle  part  prti9eut9  the  single  openiog  of  1  vary  glands  aie  8^a  iu  lb«  mttaotom 

'  ,  •      I.    !   .  4 


of  quick  and  effective  digestion,  by  meant 
of  the  strong  muscular  coat  of  the  sto- 
mach and  intestine;  and  by  tbe  great  de- 
velopment of  the  liver,  and  of  tM  ptax- 
creas,  and  other  glandular  cryptn*  opening 
into  its  interior.  Swallowing  eveiytibiiHr 
they  meet,  they  ban  reject  ftwn  tlllfa 
mach  the  shells  and  other  indlgeitlllt 
parts  of  their  food,  like  rapacious  blpAK 
Their  liver  is  always  large,  and  generall;f 
light-odonrtd  and  cffiy,  but  tbeiv  pancreas 
we  hare  seen  to  present  every  stage' of 
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•bmU  glandalar  cryptac,  which  often  give 
•JjpiBilgy  or  cellular  appearance  tQ  tlM^N* 
palate*  as  shown  by  R\thkh  in  the  carp. 
The  spleen.  8oij}etiia«JS  siuglo  aa4  «om^ 
tfanM  4ivUledy  it  iMnA^tttlMhed  to  the 
Btonach  or  to  the  intestine,  and  the  me- 
iatitery  is  now  a  constant  part,  to  give  the 
iiltMliM.attftdiiaent  to  the  vertebral  co- 
lvnin«  and  to  support  the  ramifioations  of 
bloodvessels,  Inotcals,  and  nerves.  The 
mr-bag  generally  communicates  with  the 
intestme,  the  tlMiadi*  or  tbe  oaiophagus. 
by  the  ductus  pncumaticus,  but  does  not 
yet  serve  aa  an  organ  of  respiration.  The 
cavity  of  iIm  abdomen  is  hegp  separated 
from  that  which  contains  tiie  heart  and 
the  respiratory  apparatus,  by  a  diaphragm 
still  entirely  membranous,  and  its  perito- 
neal serous  cavity  open4»  oikwi  externally, 
by  the  two  lateral  anal  passages. 

The  tadpoles  of  amphibia  are  all  stomach 
and  TOTBcity,  like  the  lishes^the  great 
tadpoles  of  the  sea,  and  like  the  voracious 
larva^  of  many  insects ;  but  by  the  meta- 
morphosis of  the  tadpole,  as  by  the  change 
of  the  larm  to  the  perfect  insect,  the  long 
and  capiacious  intestine  is  greatly  reduced 
in  extent,  and  adapted  to  the  change  of 
iMdy  inA  the  new  conditioa  of  all  the 
other  organs  of  the  body.   The  jaws  and 
nluac^Uu:  apparatus  for  mastication  are 
still  feeble  in  the  amphibia,  and  the  food 
is  mostly  swallowed  entire.  The  teeth 
are  more  prehensile,   slender,  conical, 
sharp  spines,  placed  sometimes,  as  in 
Hthee,  in  numerous  rowa  on  the  pahite  and 
jaws,  as  in  the  siren,  or,  more  serpent-like, 
in  single  rows  on  the  palatine  bones  and  on 
bolii  jawib  ae  fai  the  coonnon  tritons,  or 
only  on  the  upper  jaw  and  the  palatine 
bones,  as  in  the  frogs }  but  the  toad  and 
the  pipa  have  both  jaws  destitute  of  teeth. 
The  MOg^ffce^  and  deft  tongue  of  the  frog 
approaches  much  more  to  the  ordinary 
form  of  the  bifurcated  tongue  of  higher 
reptOea  than  the  abor^  thfade,  fleshy  form 
of  that  organ  in  the  perenni-branchiate 
q»ecies  of  amphibia.  The  strong  muscular 
attd  dlUtaUe  oesophagus  leads  to  alength- 
ened  narrow  stomach,  directed  trans- 
versely from  left  to  right,  and  generally 
with  tliick  ileshy  parietcs,  covered  above 
by  thetwo-k>i>ea  of  the  liver*  and  having  a 
single  lengthened  spleen  attached  to  its 
le^t  side*   The  stomach  is  most  leiigthened 
aad.narrow  In  the  tadpole  and  the  aquatic 
species,  anil  these  exhibit  the  least  dis- 


length  ads|ited  to  this  Qwaplc  and  mixed 
kind  of  food.  The  intceHiie^ls  nearly  equal 
throughout  and  imdly  a  little  enlarged  to- 
wanLi  the  eod  of  4ie  xecftivii»  so  that  there 

J^.  161 


is  still  as  little  distinction  of  great  and 
small  intestine  as  in  the  fishes,  and  this 
equality  of  the  alimentary  tube  is  its  em- 
bryo condition  in  all  higher  animals.  The 
long  intestine  is  easily  seen  throngh  the 
transparent  abdominal   jmrictes   of  the* 
young  tadpole,  coiled  in  a  circular  man- 
ner upon  itself,  and  distending  the  abdo> 
men  by  its  numerotis  convolutions.  Fro- 
portioned  to  the  tnmk  of  the  youncj  tad- 
pole, the  intestine  has  at  this  period  many 
times  the  length  which  It  has  in  die  adult 
animal,  when  the  food  consists  entirely  of 
prey  of  a  higher  character,  as  snails^ 
worms,  caterpillars,  and  similar  animals 
found  creeping  on  the  ground  or  on  plants. 
During  the  metamorphosis  thore  is  no 
part  of  the  economy  of  these  most  mu- 
table animals  that   undergoes  greater 
changes  than  the  intestine  and  the  whole 
alimentary  apparatus.   Those  changes  we 
have  already  traced  in  the  osseons  system, 
especially  in  the  os  liyoidcs  and  the  vcr- 


tinctkm  between  the  small  intestine  and  '  tcbral  column,  and  in  the  nerv'ous  system, 
the  colon.   The  young  tadpole  of  the  j  as  well  as  in  the  disposition  of  their  mus- 


£rog  {Fig.  161),  with  its  fish-likc  cular  apparatus  connected  with  respira- 
form  and  its  small  round  sacking  mouth, '  tion  and  locomotion.  In  the  intermediate 
feeds  on  all  kinds  of  soft  animal  aud  ve-  stages  of  the  metamorphosis  we  observe 
pliable  matter  found  in  the  fresh-water  the  different  conditions  of tlieiralimenlary 
ponds  and  stagnant  pools,  and  possesses  |  cavity,  it  becomes  gradually  shorter,  as  tiie 
an  alimentary  canal  of  extraordinary  [  food  changes,  and  in  the  adult  state  of  the 
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frog  (jPty.  162)  it  is  not  one-quarter  of 
the  length,  proportioned  to  the  magnitude 
of  fhe  body,  which  it  had  in  the  tadpole 
state,  when  ita  numerous  long  conTOlntions 
distended  the  abdominal  cavi^. 


The  stomach  presenUt  a  thick  muscular 
andjpyrifonn  sac  in  the  adnlt  of  the  com- 
mon frog  (Fiff.  Ifi2,  m  n)  and  in  the  toad; 
and  it  is  still  of  a  lengthened  form,  as  in 
most  of  the  amphibious  animals,  as  you  ob- 
serve in  Ibis  Im&d  talamandery  and  in  this 
common  aquatic  crested  triton,  where  you 
observe  it  covered  entirely,  above  and  be- 
fore, by  the  two  lobes  of  the  liver,  and 
having  the  spleen  fixed  by  cellular  sub- 
stance and  vessels  to  its  left  side.  The 
Intestine  perforaw  a  f&w  eonToIaHons  of 
inconsiderable  width  in  the  adult  state  of 
the  frog,  and  is  marked  in  the  duodenum 
by  several  transverse  folds  of  the  mucous 
ooat.  It  pnsflirts  a  little  difference  be- 
tween its  small  and  its  large  intestine, 
which  is  wider  and  more  straight  in  its 
ooane;  and  it  terminates  In  a  general 
cloaca,  which  also  receives,  as  in  the  fishes 
and  other  oviparous  vertcbrata,  the  ter- 
minations of  the  urinary  and  genital 
organs.  At  the  back  part  of  the  length- 
ened stomach  we  almost  always  find  a  long 
narrow  pancreas,  wiiich  partakes  of  the 
lengthened  ibnn  of  the  uVer  and  spleen 
and  stomach.  These  viscera  have  gene- 
rally a  more  lei^hened  form  in  the  tailed 
amphibia  than  in  those  which  lose  that 


org;an  of  motion.  Tbu  oBsefte  fhaf^  ststtS 
lengthened  and  undivided  form  of  tbe 
liver,  of  the  pancreas,  of  the  spleen,  and  of 
the  whole  alimentary  canal^fh  tHbr  saroiM 
of  Mexico,  and  in  other  aquatic  species. 
Thus  we  observe  that,  in  the  different  con- 
sCllutions'  of  these  cAisiigealile  ttnplHMoiiv 
animals,  the  intestine  and  the  wnole  aK- 
mentary  apparatus  undergo  chnnges  to 
adapt  them  to  the  different  kinds  of  food  on 
which  they  subsist  in  the  different  stagSS 
itf  their  metamorphosis.  Feeding  at  first 
on  the  minutest  animals  and  the  softest 
aquatic  plants,  of  wtiich  there  Is  a  nefer« 
failing  abundance  in  the  rich  aquaticme- 
dlum  in  which  they  are  at  first  developed, 
we  observe  they  are  at  length  able  by  the 
development  of  thoir  legs  and  their  InngS" 
to  come  to  the  banks  of  the  pools  of  water 
they  inhabit,  and  gradually  to  seize  Ivmt^ 
snails,  worms,  and  similar  nutritious  food, 
until  at  last  their  aquatic,  fish-like  career 
terminates  in  an  almost  terrestrial 
reptfle  condition.  In  this  fast  stage 
they  are  confined  thus  to  animal  iooi 
of  a  higher  character.  So  that  the  ali- 
mentary canal  in  those  which  undergo 
a  metamorphosis  is  twice  changed  in  its 
essential  condition.  It  begins  in  the  ttrf 
young  tadpole  by  being  very  short  SSS 
small,  and  equal  throughout,  as  ia  aRotfter 
vertcbrata  in  the  early  embryo  state ;  it 
then  rapidly  assumes  the  long  convoluted 
form  of  intestiae,  where  the  stomach  if 
bat  imperfectly  marked  in  the  more 
mature  tadpole ;  and  at  length  it  again 
becomes  shortened  in  the  adult  frog,  when 
an  the  divisions  of  the  Intestine  beeiwie 
more  distinct  and  obvious. 

The  serpents  still  present  teeth  on  the 
palatine  and  intermaxillary  bones,  as  ivdK 
as  in  both  j-ws,  but  like  the  teetfi  of 
inferior  vertcbrata,  they  are  still  nearly 
simple  crowns,  sharp,  conical,  incurvated, 
and  are  adapted  for  prehensfon^  not  ftr 
mastication.  Neither  their  loose  jaws  nor 
their  slender  sharp  unopposed  teeth  are 
adapted  for  this  ftinctlon.  L&e  tte 
worms  and  larvae  they  consist  of  Ae 
mere  tnmk  of  higher  animals,  and  alf 
their  internal  organs  partake  of  the  long^ 
cylindrical  form  of  their  body.  The  ssSi* 
vary  glands  vary  in  the  c\tcntof  their  deve- 
lopment, as  we  sec  also  the  aooompanying 
destructiTe  poison  glsnd.  Tbey  foed  en 
living  prey,  and  their  scaly  lips  and  lonc^ 
filiform  bifurcated  tongue,  employed  a?  an 
organ  of  touch,  are  little  adapted  to  give 
acute  feelings  from  their  food,  which  passes 
through  their  mouth  and  oesophagus  un- 
divided. The  a»ophagns  is  therefcre 
capable  of  enormous  dlsteiitlon,  it^ 
collapsed  state  presents  a  longitudinally 
plicated  appearance,  with  thin  and  vei^ 
elastic  parictes,  lubricated  by  a 
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Qopipus  secretion  of  mucus.  This  lughljr 
dittULble  dMmeter  of  the  first  portion  of 

the  aliinentarj'  canal,  for  the  swallowing 
of  entire  prey,  cx>rrcspond8  with  their 
want  of  prehensile  hands  or  feet,  and 
accords  with  the  condition  of  the  bones 
around  the  mouth,  so  that  they  are  ahle 
to  convey  through  the  mouth  and  the 
oesophagus  animals  many  times  the 
diameter  of  their  own  body,  as  yon  ob- 
serve in  the  dissected  specimen  before  you, 
where  a  snake  with  the  neck  smaller  than 
the  point  of  the  little  finger  has  yet  eon- 
veyed  into  its  stomach  without  subdivision 
a  large  full-grown  frog  ten  times  that 
size.  The  uDSophagas  thus  passes  insen- 
sibly into  the  stomach  as  one  wide  length- 
ened pouch.  The  stomach  is  thus  capable 
4>f  being  dilated  to  many  times  the  diameter 
of  the  natural  condition  of  the  trunk,  as 
jou  observe  in  the  stomachs  of  the  boa 
constrictors  before  yon.  The  asophagus, 
the  stomach,  and  the  whole  external  parts 
of  the  trunk  of  the  body,  we  observe  to 
possess,  alike  the  powur  of  dilatation 
which  we  already  saw  in  tl^e  jaw.^.  The 
exterior  integuments  are  highly  clastic, 
and  are  covered  not  by  large  plates  of 
homy  substance,  as  in  the  crocodiles,  or 
with  fixed  bones  and  large  plates  of  horn, 
as  in  the  chelonian  reptiles,  but  with 
small  detached  pieces,  that  can  easily  be 
aepuated  to  a  distance  from  each  other, 
•nd  allow  the  trunk  to  expand.  The 
nucoiLS  coiU  here  is  remarkably  thin  and 
TillouSy  and  presents  an  immense  surface 
for  the  secretion  of  mncns.  At  the  lower 
or  pyloric  exti-cmity  of  this  longitudinally 
extended  stomach  we  observe  a  contraction  j 

when'  the  nin.scular  coat  is  thic  kest,  ami 
the  sphincter  muscle  and  valve  of  tbe| 
pylorus  are  placed.  From  this  point  of 
the  commencement  of  the  dttod«Lum,  the 
intestine,  in  this  boa,  presents  numerous 
▼cry  small  convolutions  for  about  a  sixth 
part  of  its  length.  The  whole  of  the 
small  intestine  is  here  convoluted  into  a 
very  small  space  i  these  convolutions  are 
Axed  to  each  other  by  ceUolar  substance 
and  by  numerous  bloodvessels.  You  require 
to  cut  this  cellular  connecting  tissue  in 
order  to  separate  those  convohitions  from 
each  other,  and  to  perceive  the  length  of 
this  st!i;i!!  intestine.  At  first  view,  on 
opening  the  boa  constrictor  or  any  of  these 
serpents,  this  intestine  appears  twisted,  as 
if  it  were  the  spiral  intestine  of  a  rny  or 
of  a  shark,  with  a  spiral  fold  passing  into 
the  taterlor ;  It  has  ^t  appearance  tmtfl 
you  have  dissected  its  turns  asunder,  and 
shown  the  simple  convolutions  of  this 
ttuiall  intestine.  U'hcrc  the  smail  iatestiue 
terminates  in  the  large,  there  Is  a  small 
caecum  of  the  colon ;  that  r-jM-ntn  has  a 
tapering  iona,  and  in  a  boa  constrictor  of 


ten  feet  long  the  csecum  of  the  colon  is 
between  Ifcree  and  four  hsches  in  length, 

and  about  an  inch  aud  a  half  in  breadth ; 
commencing  wide,  from  the  beginning  of 
the  colon  it  tapers  up  to  its  shut  extremity. 
It  is  bound  to  the  small  intestine  liken^ 
by  rellular  tissue  and  by  the  peritoneum; 
and  if  you  did  not  dissect  out  this  caecnm 
of  the  colon,  yon  would  not  ascertain  that 
it  had  such  a  ctrcum  at  all ;  indeed  you 
will  generally  find  it  stated  that  reptiles 
aredestatnte  of  a  cncum  of  the  colon,  but 
here  I  have  dissected  it  out  and  left  it 
exposed  to  view.  The  colon  proceeds  wade 
and  straight  to  the  termination  in  the 
cloaca,  which  receives  also  the  termina- 
tions of  the  two  oviducts  in  the  female, 
the  two  nreters,  and,  in  the  male,  also  the 
two  grooved  oigans  of  intermission  when 
double,  as  well  as  the  terminations  of  the 
two  spermatic  vessels  which  end  at  the 
base  of  the  grooved  male  organs.  The 
liver  and  the  other  gl^idular  organs  of 
the  abdomen,  as  the  spleen,  the  pancreas, 
the  kidney:>,  and  the  testes  or  ovaria, 
present  the  Mime  lengthened  fbrm  whidL 
wo  ohscr\'e  in  the  stomach  and  in  the 
other  parts  of  the  alimentary  cavity  in  the 
ophidian  reptiles.  The  pancreas  in  tile 
serpents  is  divided  into  numerous  lobes, 
and  those  lobes  send  out  each  a  separate 
duct  which  continues  free  into  the  duo- 
denum. That  structure  has  latdy  beeti 
described  by  my  friend  Dr.  DuvraifOY. 
It  appears  to  me  to  point  out  a  beautiful 
transition  from  that  simple  condition  of  tba 
detached  pyloric  ca^ca  in  fishes  where  those 
little  glandular  portions  of  the  pancreas 
open  separately  into  the  intestine,  to  the 
still  more  concentrated  form  whicli  we  meet 
with  in  birds,  where  there  are  still  separate 
lobes  and  pancreatic  ducts,  and  thence  to 
the  raammiferous  form,  where  there  is  ono 
n:land  and  one  duct.  In  the  lowest  rep- 
tiles, as  the  ccPciUat  we  still  find  the  in- 
testine, as  in  the  lowest  fishes,  passing 
straif^ht  through  the  body,  and  shorter 
than  the  trunk,  and  we  observed  the  same 
short  course  followed  by  the  aUmentary 
canal  in  the  carnivornus  serpentine  fimiia 
of  the  articulated  classes. 

The  crocodiles  and  the  lizard  tribes  are 
mostly  camivorons,  like  the  serpents^  and 
feed  generally  on  entire  and  living  prey; 
so  that  we  still  find  in  them  the  short 
membranous  and  shnpte  aliroentary  canal. 
Their  digestive  apparatus  is  for  the  most 

{lart  short  and  capacious,  particularly  ia 
ts  first  or  anterior  part  Ininoftofthese 
lizards,  we  perceive  the  stomach  to  bo  a 
comparatively  small  sac,  w  ith  its  apertures 
placed  at  the  opposite  extremities^,  havmg 
seMom  any  appearance  of  a  fundus  or  ' 
ca'csm,  or  any  means  of  rrtnrding  the 
passage  of  food  through  that  cavity.  In. 
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.  ^icat^4  cF0C0<lilian  aaiioal^  how* 
oitirtjw^pbstin'e  aHtricturepCllieitoiMidi, 
rather  remark^i^ble.  The  BtoinacliL  tliece  is 
of  a,gl9bu)iu:  jfortPf  «nU  M.  prQyiUcd  with 
tUdE».ftr(iiiiflb  ^iiwaialsr  VMtoleSk  -eansli- 
tuting  a  true  gizzard.   The  strong  muscu- 

.  lar  parietes  of  this  gizzaid  of  the  ci;pco- 
you  observe  in  the  sj^A^towt  before 
you,  the  crocodile  of  the  Nile^  in  the  cen- 
tral shining  silvery  tendon  on  each  side  of 
the  stpmapb,  to  which  the  lateral  radiating 
qniecles  «re  attaclied.  Now  these  wiiiiiiils 
are  obser%'ed  to  have  in  tlicir  stomach 


animela  tiiet^lor  Sb»  mMt  piirl»  whatliier 
they  live  upoiL  the  t  land,  or  idhftbit  tbe 

water,  feed  upon  vec;etable  substances. 
They  possess  salivary  glands  of  vaiious 
degree*  lOf  development,  and  in  some  tbejr 
have  not  been  detected.  Those  that  in- 
habit the  deep,  or  the  great  tnrtlefl  Uuut 
are  eo  nuKli  sought  after  at  sn  tHiok*  of 
food,  and  the  shells  of  which— the  horay 
coverings  of  thcribs — are  80  highly  prized 
in  commerce  for  the  uses  that  are  ma(fo 
of  them  in  the  arts— they  feed  etHoAjr.OA 
marine  plants ;  and  we  have  seen  the 


frequently  along  with  their  food,  stones .  shaip  horny  bills  by  which  they  were 
and  gravel,  as  if  to  aesitfe  In  its  tubdivi- 1  enaUed  to  divide  and  to  bruise  tbeee 

sion.   We  still  find  in  the  8a\nia,  traces  of  j  succulent  marine  plants  which  render 


the  pyloric  and  colic  valves,  so  large  in 
!  fishes.  There  is  but  little  difference  be- 
tween great  and  small  inteetfncs;  the 
large  intestines  do  not  yet'  present  that 
puckered  wide  appearance  which  we  ob- 
serve in  the  large  intestine  or  colon  of  the 
mammalia.  Some  of  the  saurian  reptiles 
feed  on  vegetable  food,  though  compara- 
tively few.  In  those,  as  Ia  the  iyuaiia 
and  the  scinck  before  you,  tlie  Intestine  is 
long  and  convoluted  and  capacious.  The 
whole  habits  and  dispositions  of  these  ani- 
mals correspond  with  their  kind  of  food. 
The  flesh  of  the  yguana  is  very  different 
in  its  quality  from  that  of  the  saurian  rep- 
tiles that  iced  on  animal  food.  The  flesh 
of  the  large  crocodilian  rei>tile9  is  tough 
and  rancid,  and  is  not  eaten,  hut  the  pa- 
latable flesh  of  the  iguana  u  ])ri7.ed  an  an 
article  of  food  in  South  Aniciica,  where 
the  animal  abounds.  We  observe  this 
also  with  regard  to  the  flesh  of  the  scinck, 
which  feeds  on  vegetable  snbstanoea,  an 
animal  well  liuosvn  to  the  Arabians,  and 
the  flesh  of  which  was  supposed  to  be  an  an- 
tidote to  many  diseases.  But  most  sauria 
are  carnivorous,  and  lieuce  the  constancy 
of  their  gall-bladder,  as  in  the  carnivora 
of  other  ciat>j»us.  The  intestines  vaiy 
thus  with  their  land  of  food,  lilce  the  sto- 
inach.  The  tongue  is  cftcn  long  and  fili- 
form, and  cleft,  as  in  the  monitors  and 
lizards,  or  sliort  and  flesh}-,  as  in  tbe  cro- 
codilian sauria ;  it  is  a  very  long  projec- 
tile slender  organ  in  the  chameleon,  with 
a  broad  clavate  termination  for  seizing 
flies.  The  cascom  ooli,  thongh  generally 
present,  is  very  small  and  short,  and  the 
colon  is  furnished  with  a  valve.  The  liver 
is  always  provided  with  a  gall-bladder, 
the  spleen  has  a  lengthened  form,  and  the 
pancreas  has  generally  a  more  compact 
.Mrm  tliaii  in  tbe  serpents.  The  ca:cum  of 
the  cobn  is  wanting  in  the  crocodile  and 
some  of  the  monitors,  wliich,  notwith- 
standing, possess  the  ordinary  valvula 
coll,  like  most  of  the  other  sauria  whidh 
have  a  small  caecum. 
In  the  daiotiim  reptiles  we  observe 


their  flesh  so  delicate,  and  colour  it  green. 
We  find,  in  the  land-tortoises,  likewise^ 
which  feed  upon  vegetable  food,  thai  tiba 

intestine  is  comparatively  wide,  long,  and 
convoluted;  that  the  tongtie  is  short, 
fleshy,  and  villous ;  the  oesopbagus  is  wide, 
with  longitudinal  plicae,  and  of  consider- 
able length,  un  account  of  the  great  lengtilk 
oftbenedc.  .:t 
The  oesophagus  of  the  chelonia  is  strong- 
and  muscular,  and  is  marked  with  longi- 
tudinal plica:,  folds  ol  the  mucous  coat» 
which  extend  into  its  inner  surface.  Those 
longitudinal  plicx  of  the  thick  muscular 
a-sophagus  in  the  chelonia  we  observe  to 
pass  along  a  considerable  portion  of  tbe 
stomach,  along  the  whole  of  the  mem- 
branous or  cardiac  half,  and  to  be  even 
slightly  perceptible  uiron  the  strong  mus- 
cular pylodc  eattrenuty  of  the  stomach* 
which  is  so  remarkable  for  its  strength 
and  thickness  in  this  part  in  the  chelonian 
reptfles.  Those  animals  have  aluv^ys  die 
tongue  short  and  f!?''by,  and  covered  with 
numerous  long  papiUaa  direc.t(Bd  ba^*k- 
wards,  and  presenting  a  villous  surface. 
The  stomach  lies  transversely,  below  the 
two  lobes  of  the  large  liver.  The  intes- 
tine you  observe  in  those  chelonian 
reptiles  to  be  of  considerable  length  and 
convoluted,  occupying  a  consideralde  jtor- 
tion  .of  tbe  large  and  broad  trunk  of  tbp 
body.  The  smul  intestine,  like  tbe  ceso* 
phagus  and  stomach,  is  marked  by  longi- 
tudinal rugte  and  folds  of  the  mucous  coat. 

We  have  here  the  digestive  apparatus  cou- 
tainedfaitheabdominalor  ventral  porticsiof 
the  great  cavity  of  the  trunk,  which  is  oc- . 
cupied  upon  its  dorsal  aspect  by  the  large 
and  capacious  luag^  extendingbadtiwaitti 
to  the  pelvis  itsdf,  and  se])aratcd  by  the 
peritoneum  from  the  cavity  containing  the 
digestive  viscera.  The  position  of  the 
stomach,  with  the  two  large  lobes  of  the 
broad  expanded  liver  hangi'ng  over  it,  and 
the  spleen  on  its  left  side,  are  seen  in  the 
preparations  before  yon.  The  gaB-bbiddeiv 
v/hich  is  always  present,  enters  the  duo* 
denum  very  near  to  the  pyioni*,  and  be* 
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aides  its  duct  there  is  a  distinet  hepatic  j  locomotion  ;  that,  again,  tbe  muscular 
dttOt  ^Mdta  rtoeiirci  that  of     pancreas,  system  is  usM  in  perfsrinttiif  '«n  tlNntaf 


aad  opeiiB  into  the  duodcnnm.  Wc  oh 
serre  at  tbe  temmatioa  of  the  small  iu- 
tMlliit  In  tbe  wide  ooimi.  tint  It-enters  In 
auchttn  oblique  manner  as  to  leave  a  pretty 

considerable  blind  ciilarf?cmont  or  cxcum 
SLt  tho  eoramcnecmcut  of  inc  colon.  Tbe 
IMxletei  of  the  alimentary  cp.tial  arestrong 
and  muscular  throughout.  The  mncous 
coat  is  of  great  exteut,  as  in  other  phyto- 
phagous noitiiab;  and  althonglk  there  are 
yet  no  valnil;c  connlvcntcs,  this  inner 
tunic  forms  nunicroiia  longitudituii  folds 
and  cells  in  the  (.  oin  sc  of  the  intestine,  by 
which  its  6rrr.''::ig  snrf.u-e,  aod  tbe  sur- 
face for  tlie  distribution  of  the  nnmerous 
larger  lacteal  vessels,  arc  greatly  extended. 
l%e  distinctfon  of  tbe  imall  and  lai^  in- 
testine is  niore  marked  here  than  in  the 
inferior  reptiles,  amphibia,  or  fisbe:),  and 
the  long  and  capacious  colon  of  tbe  cAc^ 
Itmaa  to  vmnrided  with  a  distinct  valve,  and 
often  with  a  wide  and  short  ca?cum,  so  that 


secret  functions  which  are  gmng  on  v  ith- 
ont  tbe  cognizance  of  the  mind,  and  all 
tbe  Moret  mMtioiM  wMdh  aare  nteesMijr 
to  the  peimrmances  of  Hifr  sfiimal  6C0* 

nomy. 

Now  Iwishtodrawyour  attention  to  this, 
— thtt  the  muscular  texture  which  is  so 
directly  under  the  influence  of  the  mind 
and  passions,  which  is  ex]}ressive  of  tbe 
connition  of  the  mfnd,  not  by  veIit1oti,'1rat 
niiido  evident  to  the  eye  by  certain  symjj- 
toras,  is  brought  into  action  by  certain 
nerves  which  are  intenuediate  between 
tho  internal  parts  of  the  body  and  the^ 
external  or  miiscnlar  frame.  This  may 
appear  to  some  loreign  to  our  proper  sub- 
ject. Nothingf,  however,  can  baforeigfn 
on  this  occasion,  which  is  a  fair  (leflurtioii 
from  tbe  facts  presented  to  us  by  anatomy, 
a  tdence  wfoien  is  bighly  cultivated  only 
when  wc  observe  all  its  relations*  If  you 
find  an  interest  in  attending  oven  to  the 


the  alimentary  canal  has  wow  acquired  number  of  bones  in  the  wrist  and  the  foot; 


nearly  all  those  characters  and  divisions 
wUeh  it  presents  in  higher  stages  of  dove 
lo|iment  in  the  warm-blooded  vei'tebrata. 
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BBiAvio^  BXtertNO   BitTwiEty  'tbe 

NERVOUS  AND  Misciri-AR  SV.STKMs, 
AND  MBJMTAJ.  XiiU  UODILY  KXl'AJiS- 
8I0N. 

Gkntlbmek, —  Hitherto  you  know  I 
baire  taken  sore  ground;  I  Have  gone  as 
ftr  a«;  it  a  as  possible  ^  mc  to  be  directed 
by  tl)e  proparations  and  tbe  arrangements 
of  Mr.  HvNTBu.  But  now  I  mnst  either 
go  on  alone,  and  unsupported,  or  I  must 
move  in  another  circle. 

Now  I  believe  that  jou  would  rather 
fbat  I  prosecuted  the  subject  of  muscular 
actiou  a  little  further.  May  I  observe, 
then,  that^  mufculsar  svstem  may  be 
considered  as  that  part  of  tbe  organfam- 
tion  of  tbe  body  which  is  under  the  direc- 
tion of  tbe  Witt  by  volition^  and  It  nsod  in 


nay  more,  If  you  find  that  you  form  as  it 

were  another  scienrc  by  an  attention  to 
tho  minutiae  of  animals,  you  will  not  con- 
sider  that  time  to  be  lost  wMch  is  spent 
in  aiialysini;  the  relation  estaljlishcd  be- 
tween the  corporeal  frame  and  the  mind 
itself,  the  moie  especially  as  this  is,  la 
fact,  laying  the  foundation  of  the  dootiine 
of  sympathy,  or  the  doctrine  of  symptoms, 
as  1  should  more  correctly  express  myself. 
For  bow  are  we  to  be  alive  to  all  tbe 
chaiiires  in  the  body,  and  all  the  ^  ai  113 
of  fonu  in  disease*  unless  we  are  fauiiliar 
with  the  condition  and  relation  which  are 
established  between  tbe  nerves  and  emo^ 
tionsof  the  body  ? 

I  will  give  you  a  familiar  instance  in 
ItliisAration  of  my  view.  I  bad  hongbt  a 
horee,  and  driven  it  to  the  door  of  a  pa- 
tient, who  was  looking  out  of  the  window, 
and  who,  on  seeing  me,  said,  *'  How  long 
have  you  had  that  horse?"  I  told  him 
that  I  hadboiipht  it  a  fortnight  since.  Then, 
said  he,  "  you  have  made  a  bad  bargain 
in  it»  for  tic  is  not  sound.*'  *'  How  can 
you  presume,"  s;ud  I,  "  to  !?ay  so,  for  you 
have  only  looked  at  faim  from  a  dis- 
tanoe  ?**  **  True,"  be  replied,  and  F  pressed 
him  to  t(  11  me  how  he  knew  the  stale  of  ' 
the  aniiiiul.  By  its  breathing,"  he  said  ; 
"  by  the  inflation  of  the  nostrils,"  I  was 
then  satisfied  that  he  wan  wrong  in  bis 
opinion,  for  I  fonnd  that  I  had  not  driven 
bim  in  his  own  collar,  and  that  be  was  ' 
only  restrained  in  his  respiration,  and  not ' 
unsonnd  in  his  Inngs.  But  I  was  welt 
pleased  to  find  that  this  knowing  gentle- 
man jutigcd  of  the  condition  of  the  lungs  , 
by  the  action  of  the  nostril.  I  have  seen 
t^e  same  kind  of  thing  in  tbe  hospital* 
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Going  into  the  hospital,  and  finding  no- 
thing amiss,  nothing  to  do  amongst  the 
patients,  I  baTe  inquired  if  thejr  wore  all 

going  on  w<!ll,  and  have  been  told  that 
everything  was  right.  But,  on  looking  to 
80U1C  one  ami,  I  have  found  that  although 
he  was  almost  totally  enveloped  In  bi^- 
clothes,  yet  that  there  was  an  unusual  ex- 
pression observable  in  his  nostrils,  and  on 
looking  to  him  more  narrowly,  1  fbnnd  a 
tremhliiifj^  of  the  lips.  I  have  then  said  to 
myself,  "  Why,  this  man  cannot  be  well ; 
this  is  not  the  condition  of  a  person  in  re- 
pose ;  he  has  nothing  to  alarm  his  mind, 
therefore  this  must  be  an  indication  or  a 
symptom  of  something  wrong."  If  you  go 
up  to  the  man  on  such  an  occasion,  and 
ask  liiin  how  he  is,  you  find  that  the  voice 
is  affected, — that  he  cannot  speak  to  you. 
If  you  make  him  draw  in  his  breath,  you 
find  at  once  vbere  is  the  scat  of  com- 
plaint; you  put  your  finger  to  the  place, 
and  discover  that  condition  in  which  the 
lungs  are  going  rapidly  into  a  state  of 
hepatization,  in  which  they  are  fast  be- 
coming to  resemble  liver.  Now  I  cer- 
tify beHeve  fliat  the  course  ot  reflection 
we  are  upon  to-day,  although  it  may  take 
ti3,  apparently,  a  cirmitniis  route,  wiiriead 
the  mind  to  be  more  aiu  e  to  little  circum- 
stances which  wo«dd  otherwise  escape  ob- 
servation. 

We  find  that  some  men  are  observers, 
as  it  were  intuitively ;  that  they  can  mimic 
their  fellows ;  that  some  can  depict  the 
passions,  and  otlicrs  describe  them  in 
words.  You  must  have  found  some,  who, 
apparently  without  particular  attention 
or  study,  have  the  power  of  mimicry;  so 
that  when  a  person  goes  out  of  the  room, 
the  mimic  can  throw  faimself  into  his  very 
attitude,  assume  his  manner  of  speaking, 
and  almost  his  manner  of  thinking.  Just 
in  the  same  way  you  find  another  man 
with  genius  (we  call  it  "  genius,"  as  if  it 
were  something  intuitive),  who  does  not 
appeal'  to  be  a  more  accurate  observer 
than  others,  who  ^t,  with  the  pencil  in 
his  hand,  represents  on  canvass  the  na- 
ture, the  form,  the  attitude,  and  the  ex- 
pression of  another,  so  faithfully  as  to 
arouse  the  sympathies  within  you,  and| 
compel  you  to  say  that  that  man  has 
the  same  talent  as  the  first,  but  a  different 
mode  of  showing  it.  So^  again,  while 
others  cannot  mimic,  cannot  use  the  pen- 
cil, know  nothing  of  drawing,  yet  they 
can  in  words,  with  a  pen,  represent  things 
as  naturally  as  they  are  exhibited  on  the 
st^e,  and  thus  call  forth  the  sympathy  of 
all  mankind. 

Now  this  is  not  intuitive;  this  ought 
not  to  be  called  the  effect  of  genius ;  it  is 
the  result  of  a  close,  minute,  reiterated  oh- 
Mrvation,  and  the  only  difference  is,  that 


it  is  not  labour  to  the  man  who  can  ac- 
complish it.  He  likes  the  pursuit^  he  in- 
dulges in  it,  he  repeats  it.  That  is  fbtt 

difference  between  such  a  man  and  a  man 
who  does  not  readily  effect  such  re:^Tilt?. 
Now  I  conceive  that  something  artiticial 
may  be  done  towards  communicating  to 
yon  the  right  principle,  as  it  were,  for  tin- 
veiling  tiie  powers  of  your  mind,  towards 
making  you  observant  of  all  that  passes 
in  your  own  circle,  the  very  exprc  -ion, 
the  very  attitude  of  others,  and  leading 
you  to  that  sort  of  acumen  at  last,,  which, 
makes  you  better  physicians,  better  ol>- 
servers  of  the  influence  of  disease  on  the 
body.  This  is  my  excuse  for  taking  up 
this  subject,  which  seems  to  lead  os  from 
the  common  course  of  observation,  but  in. 
the  present  course  I  trust  I  shall  be  aide 
to  show  the  influence  of  the  bodily  frime 
upon  the  mimi,  as  well  as  the  inAuence  oC 
the  mind  upon  the  bodily  frame. 

This,  on  a  superficial  view,  would  ap- 
pear to  be  something  like  supporting  tna* 
terialism,  and  therefore  I  conceive  my 
safest  course  is  to  draw  your  attention,  in 
the  first  instance,  to  the  inflnence  of  the 
common  organs  of  sense.  You  will  findj 
by  attending  to  this  subject,  that  an  idea 
is  produced  in  tlie  mind  by  a  certain  con- 
dition, or  a  certain  change  in  the  oigana 
of  sense, — that  is  to  sny,  when,  an  object 
is  visible,  when  the  rays  ul  light  have  been 
reflected  frrnn  an  object  to  the  eye,  there 
is  nothing  conveyed  into  the  nerve  itsd^ 
but  an  impression  only  is  made  npoii  it. 
Now  the  common  idea  is,  that  something 
is  carried  along  the  nerve,  as  if  Mmething 
had  been  actually  received  there,  and  yet 
those  who  have  studied  this  subject  most 
carefully,  who  have  been  great  discoverers 
in  science,  and  on  that  account  must  be 
depended  on  for  their  accuracy,  have  said 
that  the  nerves  are  mibandy  engines  for 
carrying  ideas,  that  there  is,  in  fact,  no- 
thing received  when  the  outward  organ  is 
impressed,  and  therefore  that  the  occur* 
rence  of  an  idea  in  the  mind  results  from 
a  relation  established  in  nature,  by  the 
Author  of  our  being,  betwixt  the  intel> 
lectual  principle  within  us,  the  bndn,  the 
nerve,  the  outward  organ  of  sense,  and 
the  qualities  of  things  externally.  We 
can  come  to  uo  other  couclusiuii  than, 
thi^  that  there  is  a  relation  cstablbhed 
between  certain  things,  hut  what  the  na- 
ture of  that  relation  is  we  cannot  say* 
Yet  of  this  we  are  certain,  that  nothing  is 
received.  "Well,  then,  if  nothing  be  re- 
ceived, there  must  he  a  change  in  the  or- 
gan, in  the  nerve,  in  the  brain  itself,  and 
an  influence  at  least  produced  upon  tile 
intLllectual  principle  itself.  If,  then,  every 
impression  upon  the  hand,  every  impres- 
siok  upon  the  eye,  evcry^  impresmoii 
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LECTURE  XLV. 

ON  THE  DiUESTiVB  ORGANS  OF  BIRDS 
AND  MAMM AUA. 

Birds  »re  organized  to  consume  the 
higher  forma  of  animal  and  vegetable 
matter.  They  are  vcrtebrated  insects,  and 
like  theirinvertabnted  analogues  they  seek 
iheirfood  in  every  element ;  they  pursue  it 
through  the  atr>  or  plunge  for  it  beneath 
the  iwitert,  or  dig  it  from  the  solid  earth ; 
yet  their  arms  are  incapable  of  pre  1 1  lis  i  on, 
and  are  adaptcfl  solely  for  tlii^Vit.  The 
hand  of  the  birds  is  their  head,  and  their 
long  nmscular  neck  haa  all  tbe  flexibility 
and  strength  of  an  arm,  to  carry  their 
prey  through  the  air,  or  to  tear  it  to 
pleoet.  The  jaws  of  birds,  like  tbe  jaws 
of  chelonia,  are  covered  with  homy  plates, 
which  supply  the  place  of  t^eth.  and, 
consequently,  vary  in  tluii  fonua  ac- 
cording to  the  kind  of  food,  like  the 
teeth  of  quadmpeds.  The  broad,  flat, 
depressed  bills  of  the  ducks  and  geese 
and  timns,  and  other  aquatic  bitds, 
vdth  dcnticnlatt  (1  ed^es  and  highly  sen- 
sible^ soft  lipa,  are  the  best  adnjited  for 
groping  beneath  tlie  water  or  m  nuuJ,  for 
worms  or  iBsecta  or  flshea,  which  they 
cannot  alw  ays  pe^cpi^  e  by  the  sight. 
.  The  spatulate^aws  of  the  sj>ooabiU  are 

No.  574.  '     '  ' 


well  adapted  for  extracting  smail  worms 
from  tbe  mnddy  banks  of  riven  and. 

lakes;  thone  of  the  j.clirnTi,  -with  a  largO 
submaxillary  pouch,  are  fitted  for  seiziag 
the  fishes,  as  in  a  net  { those  of  tbe  craoea 
and  storks  for  dartinf  *tlifOagb  tbe  wetev 
with  precision,  like  an  arrow  or  a  harpoon  ; 
and  the  long  compressed  hills,  termina* 
Ung  in  a  hook,  which  we  see  in  tbe  edr- 
morants,  gulls,  albatroses,  and  many  sea 
birds,  are  constructed  to  seize  firmly  the 
•mooth  and  aealf  bodlet  of  the  llsbea  of 
the  open  seas.  The  broad  bills,  with  cut- 
ting ed[»ea,  of  the  struthious  birds,  are 
formed  to  prune  the  leaves  and  shootji  of 

{dants  or  the  herbage  of  the  plains ;  tbe 
ong^,  narrow  bills  of  the  woodpeckers,  to 
be  inserted  into  the  small  crevices  of  the 
decayed  bark  of  trees,  to  seise  tbe  mlante 
insects  which  swarm  there;  and  the  mi- 
merous  little  insecti\orou3  warblers  and 
fly-catchers,  wheat-eaxa  and  wag-tails, 
titoothesand  wreofl»taave  their  bills  of  the 
same  structure  on  a  smaller  scale.  The 
beak  is  long  and  tubular  in  the  humming* 
liirds,  to  sack  tbe  boney  from  the  JIowots. 
But  in  the  gros-beaks  and  cro  ^s  bills,  the 
sparrows  and  buntings,  and  all  the  gramni* 
vorous  singing  birds,  and  tbe  larger  gal- 
linaceous biri£i,  tbe  bills  ere  stronger  and 
shorter  cones,  broader  at  the  base,  to 
break  down  or  remove  the  hard  coverings 
of  gnuns.  In  the  climbing  frttgl%*orous 
cockatoos,  parrots,  and  raaccaws,  the  biUa 
arc  instruments  of  very  great  power,  to 
break  tho  hard  shelly  coverings  of  the 
larger  seeds.  The  bills  of  the  rapacious 
birds,  of  the  eai^les  and  the  vultures,  and 
the  hawks  and  the  owls,  aro  strong, 
short,  compressed,  arched,  curved  at  the 
point,  dense  in  their  texture,  and  with 
sharp  cutting  edges,  to  seize  and  tear  aod 
cut  the  flesh  of  living  prey.  ,i  ■ 

The  tongue  of  birds  is  as  \  ariable  in  form 
as  their  bills  or  their  food.  In  the  wocmI- 
peckers  it  is  long  and  filiform,  as  that  of 
an  ant-eater,  and  has  the  cornua  of  the  oa 
hyoidrs  ertenrlcfl  in  a  flexible  and  cartila- 
ginoui<  coniiiiiuti,  backwards  and  upwards 
over  tbe  occipital  bone  and  tbe  upper  part 
of  the  craiiiimi,  to  allow  the  extensive  nnd 

rapid  109(1909  of  this  organ  io  letting  io« 
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aecta.  It  is  short  and  flesh v  in  the  stru- 
ibious  birds';  srrow-shaped  in  iSa»  gallhia^ 

cea;  long,  broad,  muscular,  and  covered 
with  large,  sharp,  horny,  recurved  spines 
in  the  swans;  short,  rounded,  fleshy,  hu- 
man-like, and  WgUy  feeble,  in  tb<e  gar- 
rulous cockatoos  and  parrots ;  but  the  body 
and  oomna  of  the  os  byoides  are  almost 
always  long,  slender,  and  flexible. 

From  the  hills  of  the  birds  being  their 
only  hands  for  all  prehensile  |mrp08e8, 
and  from  the  various  uses  to  which  those 
iAstrnments  are  applied,  they  could  not 
Be  eovered  externally  with  fleshy  and 
^Mltfble  lips,  like  the  jaws  and  teeth  of 
^Mrfrapeds.  TWe  toflb  aiv9  titfe  sfnipes 
and  the  ibises,  and  all  the  long-legged, 
long-billed  birds,  would  be  unable  to 
thmst  their  ja'wfe  into  the  sand,  and  the 
^aith,  and  the  Mrd  gravel,  tia  panvSt  of 
trisects  or  grain!?,  if  they  were  covered 
OV^r  with  soft  and  sensible,  fleshy  and  cu- 
Miteous,  parts  like  the  iiMe  of  nsAMkiiSta* 
The  only  teeth  developed  in  birds  are  thin, 
horny  laminse,  disposed  along  the  sides  of 
the  bills,  as  you  see  in  the  mallard  and 
aofme  other  aquatic  Mrds,  and  as  we  see 
fn  the  homy  maxillarj'  plates  of  the  whale- 
bone whales ;  but  in  the  earliest  condition 
«r  fhe  jaws  ^fmatky  birds,  ft  is  fttond  IMt 
those  horny  bills  begin  their  development 
bv  a  series  of  detached  tubercles,  eadi  pro- 
tMed  wl^  its  pulp,  its  tterte,  and  ifs 
Ma,  like  the  trte  adeferedOa -teeCii  fit 
Mhrir  classes. 

\As  the  food  of  birds  is  not  masticated  in 
Ihe  nionlh,  and  is  not  retained  inr'iaxy 
tkne  in  that  cavity,  there  is  little  necessity 
ftr  large  salivary  glands,  and  little  stt* 
iDVliis  for  their  devd«>pnient,  so  ^Ml%  "we 
Jkid  those  glands,  though  numerous  in 
birds,  generally  much  smaller  than  in 
^adrupcds.  There  are  generally  four 
pairs  of  salivary  glands  developed  id  birds, 
situate  under  the  sides  of  the  tongue,  under 
liie  rami  of  the  lower-jaw,  close  to  the 
Base  6f  fbe  coima  ef  ^le  vb  bytMee,  and 
ftt  the  angles  of  the  mouth.  These  pairs 
of  salivary  glands  are  of  different  sizes, 
and  vary  in  their  d^lot>inent  very  much 
lb  4ifltamit  birds,  but  are  largest  in  fhe 
HaWnaccous  tribes,  and  the  mouth  is 
Kmply  supplied  with  mucous  glands.  As 
fti  other  cliMet  of  aiklaM]B;th0  aHnetiiary 
canal  varies  in  its  length  and  capacity, 
and  in  the  fprm  and  development  of  its 
MCvltiet,  -according  to  -^e  kind  «f  food, 
being  long  and  capacious,  with  large  glan- 
dular organs,  in  the  ]>hyt9phagou8  tribes, 
and  the  reverse  in  tho^e  which  feed  on 
MMfoat'^food. 

Tlie  uvnla  and  epiglottis  not  being  yet 
tdeveloped,  there  is  still  a  very  simple  en- 
«Mnee-to  Hke  Mophagns.  TOe  ttsajplba' 
'illi»t<-iHie^»Wii<ortar,<Dd<aftWiitBi^ 


corresponding  with  the  great  length  of 
the  neck  in  birds.  In  the  course  of  the 
oesophagus,  about  its  middle,  before  it 
reaches  near  to  the  two  anchylosed  clavi- 
cles, we  obsefv%  gGiieMll^'fR  enhffgemMit 
or  crop,  whieh  is  a  cavity  remarkable  for 
its  position  in  this  class,  and  varies  much 
in  its  size,  form,  and  structure,  accord* 
ing  to  the  kfaid  of  food.  In  most  of  tiie 
yillinaaewM  Me        1€3),  weubtww 


that  in  the  oouree  Of  the  cesophagus  (Ji|pw 

1()3,  fl),  at  some  distance  above  the  two 
clavicles,  it  suddenly  sends  forwards  a 
pouch  or  crop  {Fig.  163,  b),  wiih  a  coin- 
paratively  narrow  opening,  and  extend- 
ing outwards  or  forwards  dt  right  an- 
gles to  the  general  course  of  the  oesopha- 
gus, llie  mvcoiM  MfflM!e:of  ^  esopha- 
gus is  generally  smooth  and  even.  This  is 
the  most  isolated  form  Of  the  crop  whiob 
is  presented  byHie  gaUinaoea.  Ycta  Me 
it  here  divided  in  front,  So  as  to  form  twa 
lateral  sacs  in  the  pigeon;  and  in  most 
of  the  gallinaceous  birds  it  extends  oxA 
as  a  rimUd  globular  sac,  as  we  see  it 
in  this  peacock,  in  this  ttfrkey,  and  in  this 
domestic  cock.  This  first  pouch,  or  cron, 
is  of  a  g^andnlAr  wd  McrtOh^  ftttiftt,  and* 
like  the  paunch  of  the  ruminantia,  is  a 
first  or  general  receptacle  for  unmasti« 
cated  food.  Tt  has  nfittifiroila  idtaute  glata- 
dnlar  cKca  or  follicles,  placed  between  the 
mucous  and  the  muscular  coats,  which 
appear  to  enlai^  at  the  time  these  birds 
are  rearing  their  yOnng.  These  litde 
dxilar  cspca,  continued  obliquely  outwards 
from  the  mucous  lining,  pour  into  the 
crop  a  milky  veeretion,  ^iikfli  Is  pai^lMK 
larly  abundant  in  the  pigeon  when  that 
,  bird  feeds  its  young,  and  this  milky  fluid 
I  is  the  only  food  tliey  receive  for  the  first 
two  or  three  days  after  being  hatch^; 
the  grains  which  have  thus  been  mobt- 

>  ened,  softened,  and  partially  digested  in 

>  tills  empfW  tirought  up  agati  iWlo  tM 
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^Mrife  rfvop  "yon 
observe  in  ihe  dianud  rapactooi  birds 
to  have  a  ^ery  different  fcn-m.  It  there 
ecmsiitatea  a  general  enlargement  of  the 
lower  patt  «f  the  aetai^bmgm  t^lMa 
il  enlargement  of  the  oesophagus 
iReiy  capacioai  m  the  eagles  and  in 
Mil  crtlw  dlunBlrapwiMMbMi.  fate 
this  great  sac,  which  is  placed  in  the 
lower  part  of  the  neck,  and  is  contracted 
just  above  the  two  clavicles,  they  convey 
qHm  Umit  entire  prey — die  smaller  qna- 
ArupedS)— with  all  their  hair,  claws,  bones, 
taetb,  aud  other  hard  parts  that  are  afber- 
wdf  to  %B  'tiiMWii  4Mit  In  a  VMt  fiwn 
the  crop,  and  not  alloW^  to  pass  down 
through  the  alimentary  caoaL  It  is  sud- 
Aealy  contracted  in  Ihoee  rapaoiona  birds, 
lost  before  it  passes  into  the  evening  be> 
tween  the  two  clavicles,  or  the  division 
of  the  OS  furcatum.  Somettmes  this  crop 
^>p«ars  merely  as  a  geMNfl  enlargement 
or  flilatation  of  the  a^sophaRUS  itself,  with- 
out may  appaji^rat  constriction  j  and  in 
the  erap  ft  eiitMfy  traBting, 
of  Ae  iong-nedked  grallatores, 
lihe  lonc;-no(  kofi  vrruthioos  birds. 
'The  second  stomach  is  the  proper  glan- 
dular stomach  (Figr.  163,  c),  the  one  I3wt 
is  pl;u  1(1  imiiiodiatcly  within  the  trunk  of 
the  boUy  and  below  the  davidee — tJke  vsn- 


mach  is  observed  to  have,  generally^, 
each  side,  a  number,  which  varies  accord- 
ing to  the  kind  of  food,  of  pretty  long 
ghoiMar  cseca,  with  their  ••rifieeedlMeted 
downwards,  that  are  situate  between  the 
muootis  and  the  mittcular  coats  of  this 


-aomctimea  only  in  front,  and  some- 
all  around  the  stomaeb,  and  tb^ 
pear  ont  a  copious  -eeoretion  to  asust  in 
the  digestion  of  the  food,  on  accoaol  -Of 
the  imperfect  or  deficient  glandular  secre- 
tions of  the  gizzard  itself,  and  they  aie 
alwayt  noet  devdoped  in  gramnivoroiie, 
and  least  in  cacnivoroks  birds.  This  vcn- 
triculus  auccenttnaatm,  ^r  infundibuium, 
you  obeenre  in ->tfals  idU  rron,  tbldcmnd 
highly  vascular  in  its  pirletes,  forming  a 
ronsidtialilc  cidargement,  and  situate  im-  j 
iiic'diatcty  above  the  bttoug  muscular  giz- 1 
zard  ;  it  is  most ^if^aiididaur  and  capacious 
in  the  phytophagous  tribes  of  birds. 

The  giuanl  j^jyr.  163,  e)  is  remarkably 
cenetant  in  lis  tosenneAe^  fhtonghout 
the  tlisrf  of  birds,  altbo'iCjh  in  the  ex- 
tent of  development  of  its  muscular  coat 
it  varies  rcmadcahly,  accordiug  to  the 
dUfcwnee  iu  ^  kind  oftfood.  In  the  gal- 
linaceous birds  the  digastric  muscles,  \vitli 
their  white  silvery  shiiuiig  tandonifOn^ the 


however,  the  crop,  the  ventriculus  suocen^ 
turiatus,  and  the  gizzard  itself,  have  all 
comparatively  thin,  membranous,  and 
highly  ailMiiUe  parietea.  In  Aeee  thin 
membranous  parietes,  however,  of  the 
gizzard  in  the  rapacioas  birdtt  you 


ful,  thid% 
thisia 


strong,  and  we  observe 
•aid  the! 


this  seo'Cttgle,  or  oepre}',  that  there  is  the 
usaal  tendon  dispoaed  in  the  centre  on 
each  aide,  and  that  delicate  jnoscular 
fibres  radiate  to  Ae  lAtttOBoSntiamimm 
this  central  tendon,  as  in  the  more  mna- 
cuiar  gizzards  of  gallinaceous  birds.  This 
gtsHrt  emfilatai  Hm  iWid  ooneecative 
digestive  cavity  or  stomach  of  birds.  It 
is,  wh»  strong  aad  nmacular  in  its  fMf 
rietss,  lined  inlHMdly«llhA«evy  ' 
tough,  coriaceous,  thid^  epUeffmio 
to  protect  it  from  lacei'ation,  and  to  ena« 
ble  it  to  act  with«ffect  upon  its  contentB* 
Into  thie  cmlty  are  conveyed  fhe 
bles  and  grarel,  which  serve  the  pjam- 
aiwous  birds  m  o^ans  of  masticatien, 
from  the  hardness  oftheir  lbod»«Ml  their 
masticating  organs  being  so  imperfect  in 
the  mouth;  so  that  if  you  deprive  thoae 
gallinaccoHS  birds  of  their  pebbles,  yosi 
might  as  ewM  them  of  their  food, 

or  deprive  a  ruminating  quadruped  of  all 
its  teeth;  they  Twili  languish  and  starve  in 

Arc  thin  and  feeble,  the  c<ni« 
is  also  thin,  no  stones  are 
used,  and  the  aniBBal.ibod  is  tiicn  digested 
by  tiie  solvent  possHMiiiiiie  secretions,  and 
by  the  heat  and  movements  of  the  canal. 

Now  the  pyloric  ^extremi^  ( tijf.  163,/'j 
of  ttte  sneesnlar  gissard,  wiieh  jsalesva 
placed  near  to  its  cardiac  orifice,  so  as  to 
make  this  gizzard  like  a  closed  bag,  0|Mn 
onljcsheee,  is  net  iNtMided -with  a  aphino- 
lernHMte»«eise  see  placed  in  that  sIImh 
tion  in  man  and  quadrupeds;  but  being 
free  and  wide,  it  aUows  the  food  that  is 
eenv^red  into  Itp  |NMnded»  ground,  iwhssd 
op  with  the  secretions,  and  partially  di- 
gested in  the  stomachs  above,  to  pass  in 

nam ;  for  the  inteidor  of  this  stnn 

eating  instrument,  the  gizzard,  tiresents  a 
eomiiarativt  ly  Kuiail  cavity  whit  ii  is  chiefly 
occupied  by  stones,  and  henee  tiM.M<» 
cessity  of  other  '  ^  <  hs,  surh  as  we  «re 
in  the  gallinaceous  birds,  being  piaoed 

the  mouth.  T!  •  arse  vegetable  food  ca- 
pable of  being  contained  within  the  gi:^- 
zard,  would  not  be  snflicient  for  the  iuaia> 
tenance  and  growth  of.svdl  large 
heavy  birds.  The  first  (Esophageal 
niach  or  cnm,  then,  oorremosids^ith.the 

p  111  1  i<iifaii<i  iiiiriigTiiTaiB jjMi 

enct  of  i  fitninating  quadrupeds,  and  with 
the  «iieekfKMMhe«  in  many  -roiteatia  and 
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faadrnnuuia,  uid  all  these  preUminaxy  lact  | 

or  receptacles  in  animals  for  the  undigested  ^ 
newly-obtained  food  serve  the  same  ends,  j 
The  intestinal  canal  of  birda  ia  atiU 
shorter  than  that  of  the  mammalia,  and 
has  its  different  parts  and  divisions  more 
diatinct  than  in  tne  infMor  daaaea.  The 
<tums  of  the  duodenum  on  the  right  side, 
embrace  the  conglomerate  and  lobed  pan- 
creas, which  generally  sends  its  secretion 
bjr  two  or  more  ducts,  alternating  with 
those  separate  ducts  from  the  lirer  and 
from  the  gall-bladder,  into  the  commence- 
ment or  tne  flrrt  tmn  of  this  part  of  tiie 
intestine.  Although  still  destitute  of  regu- 
lar valvulse  conniventes,  which  are  con- 
fined to  the  highest  of  the  mammalia,  the 
mnooas  coat  of  the  intestine  ia  in  a  high 
degree  villous,  and  is  often  marked  by 
transverse  or  longitudinal  rugse.  The  sin- 
gle, lengtliened,  and  daik-eoloured  aple^i, 
is  attached  near  to  the  left  side  of  the 
glandular  stomach ;  and  the  bilobed  liver 
haa  geaenlly  a  free  galMiladdir  wider  fta 
fight  lobe. 

We  can  generally  see  in  young  birds  a 
remnant  of  the  original  entrance  of  the 
ydk-bag,likea  small  GSBcnm  (Ffg.  163,  m), 
on  the  anterior  portion  of  the  small  intes- 
tine, and  it  often  remains  through  life  in 
wading  and  water  birda.  Attheoommeiioe- 
iment  of  the  OOlon,  which  is  generally  not 
wide  nor  sacculated,  we  observe  in  most 
birds  two  caeca  {Fig.  163,  h)  of  various 
lengths,  extending  upwards,  and  connected 
with  the  sides  of  the  smallintestine.  Those 
twoctpea-coiif  when  they  are  of  considerable 
tfize,  as  la  the  case  with  moat  of  tiie  galli- 
naceous and  awimming  birds,  commence 
each  by  a  narrow  orifice  {Fig.  163,  h), 
continue  narrow  for  some  distance,  and 
tiien  enlarge  each  into  a  lengthened  wide 
pouch  {Fig.  163,  ff).  Those  two  cspca-coli 
you  perceive  to  be  of  enormous  size  in 
thia  AfHIiyendin  thiajMeeodl.  Tlieaniall 
intestine  is  here  seen  nmning  down  be- 
tween them,  attached  by  a  mesentery,  to 
terminate  in  the  oomparetlreljr  abort  and 
narrow  colon  {Fig.  163,  h  I).  Wbere  the 
small  intestine  enters  the  colon,  you  ob- 
serve those  two  large  membranous  pouches 
In  the  peacock  ten  times  the  size  of  the 
small  intestine  between  them,  and  rising 
up  to  an  extent  of  fifteen  or  sixteen 
loehes,  with  a  diameter  of  nearly  three 
inches.  In  the  aquatic  birds,  as  in  the 
wild  swans,  you  perceive  they  are  still  of 
great  length  but  narrower,  particularly 
at  their  commencement.  Okbk  thought 
them  analogous  to  a  urinary  bladder; 
but  they  occur  also  iu  some  mammalia 
which  mve  the  ordlaary  luinaiy  bladder. 
*  The  cxca-coli  of  the  ostrich  haive  a  spiral 
fold  extending  into  them,  and  several 
l»lds  of  the  mucous  coat  are  seen  in  the 


jupper  part  of  "the  colon  itseUl  Thoae 

I  cseca  are  least  developed  in  the  rapacious 
I  birds,  where  we  bometimes  can  perceive 
only  very  small  radimeata  of  them  upon 
each  side  of  the  commencement  of  the 
colon,  sometimes  not  half  an  inch  in 
length,  and  in  aoaie  of  the  dimbing  birda 
and  others  no  trace  of  them  is  seen. 
Only  one  of  them  is  seen  in  the  herons. 
It  is  not  a  structure  peculiar  to  birds, 
beoaiiae  we  see  that  structofe  of  a  double 
cecum  on  the  colon  in  some  of  the  mam- 
malia, as  in  the  hyrax,  and  in  some  of 
the  edentokma  and  rodent  animals;  ao 
that,  as  we  observed  with  regard  to  the 
crop,  the  ventriculus  succcnturiatus,  and 
the  gizzard,  these  structurtis  are  not  pe- 
culiar to  the  dass  of  biida*  We  have 
seen  the  gizzard  already  among  the  in- 
sects and  the  gasteropods;  in  the  bulla 
lifftmia,  finr  iutanoe,  that  structure  Is 
seen  of  the  stomach,  consisting  of  strong 
muscular  parietes,  presenting  upon  each 
aide  verv'dense  cartilaginous,  aunoat  oe* 
seoos,  pUtes,  between  which  the  bard 
testaceous  food  is  ground.  So  we  have 
seen  a  distinct  muscular  gizzard  with  co- 
riaceous lining  in  most  of  ue  oephalopoda» 
I  and  nearly  as  strong  in  many  of  the  fishes. 
So  again  we  see  in  the  crocodiles  a  strong 
nmandar  ginard,  and  in  the  ant-e«tera 
among  the  mammalia.  It  is  not  a  struc- 
ture which  is  more  peculiar  to  birds  than 
their  crop  or  their  glandular  stomach. 
With  ngud  to  the  crop,  you  have  seen 
it  common  among  the  invertebratcd 
animals  up  to  the  cephidopods,  and  the 
glandular  a])paratua  above  tiie  gizzard, 
forming  tlie  ventriculus  succcnturiatus, 
you  sec  thesame  cardiac  glandular  sacs  in 
the  beaver,  wombat,  and  other  mammalia. 

At  the  lower  extremity  of  the  aUoieii* 
tary  canal  in  birds,  we  observe  a  cloaca 
{^Fig.  164}  or  general  receptacle  for  the 

Fig.  164 


opening  of  the  tingle  developed  pervious 

oviduct  upon  the  left  side  {Fig.  164,  g*), 
and  the  impervious  rudiment  of  the  right 
onduct  {Fig.  164,  h)  iu  the  female,  for 
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the  terminations  of  the  two  spermatic  vet- 
scls  of  the  male,  for  the  lo<)pe?nent  of  the 
male  oi^u  of  intromission,  where  it  is 
prtycnt,  at  in  the  ostrich,  for  the  term!* 
nation  of  the  intestinal  canal,  for  the  two 
passages  of  the  urine  or  the  meters,  and 
fbr  the  opening  of  the  htrm  Mrldi  This 
rl();ica  in  birds  is  most  developed  in  the 
ostriches  {Fig.  KM  V  The  position  of  all 
those  openings  you  can  observe  in  several 
dT  the  magnified  figtires  before  you,  re- 
presenting the  clnacip  of  various  birds. 
On  looking  at  them  from  before,  you  see 
In-  female  ottrich  the  rectam  {Fiff. 
164,  a)  passing  down  and  forming  at  its 
lower  part  the  slightly  enlarged  portion 
termed  the  rectal  vestibule  {Fit/.  b}, 
opening  Into  the  upper  and  back  part  of 
the  cloaca,  as  in  this  figure  of  the  cloaca 
of  the  condor  vulture.  You  observe 
upon  either  tide  of  tbe  ekMca,  although 
considerably  lower  than  the  termination 
of  the  rectum,  the  opening  of  the  two 
ureters,  in  two  promnient  papillse.  Ex- 
ternally, or  laterally  with  regard  to  the 
opening  of  the  two  lu-eters  in  the  cloaca, 
and  nearly  on  tiie  same  level,  you  observe 
upon  each  side  in  the  female  the  open- 
ing of  the  nvidnrts ;  the  one  upon  the 
left  side  is  the  large,  wide,  fully  deve- 
loped oTidnct  tttoal  on  thit  side  in  the 
class  of  birds ;  the  one  upon  the  right 
side  is  the  atrophiRt^vl  or  oblitorRted  ovi- 
duct, stout  in  its  developtneut  at  a  very 
early  period.  In  tbe  middle,  more  near 
to  the  lower  orifice  of  the  cloaca  of  this 
female  condor,  is  situate  the  passage  on 
tbe  median  Ifaie  called  tbe  torM  of  V&- 
bricius,  considered  as  the  analogue  of 
Cowper't  glands  in  mammalia,  from  open- 
ing mto  the  ureChroosexua!  canal,  and  not 
into  any  part  of  the  intestine.  In  this 
female  o«trich  {Fiff.  164)  you  observe  the 
lower  part  of  the  rectum  {Mff.  164,  a) 
passing  down  to  the  rectal  vestibule  (Ftff. 
164,  which  vestibule  of  the  rectum 
it  here  jirotruded  into  a  much  larger  oval 
cavity  {Fiff,  164,  e),  which  It  the  nrinai  y 
bladder  of  the  ostrich,  and  the  analogue 
of  that  cavity  in  qnadr'ipcfh.  The  rectal 
vestibule  is  capable,  w  hen  dihlcnded  with 
feculent  mattcnr,  of  being  protruded  com- 
pletely through  the  urinary  bladder  {Fiff. 
164,  c),  and  of  passing  even  through  a 
small  oompartment  (fIff.  164,  d)  below  it, 
which  rcrrivcs  the  tti minations  164, 
two  ureters  {Fiff.  164,//j 
and  of  the  two  oviducts,  or  of  the  two 
spermatic  vessels  in  the  male;  this  in- 
ferior portion  of  the  cloaca  has  been  called 
the  urcthro-sexual  canal  {fig.  164,  d)  ;  it 
corresponds  with  tiie  urethra  of  the  mam- 

mnlin,  anr!  into  this  part  the  bursa  Fabricii 
opens  when  it  is  present,  it  is  here  a 
Toy,  abort  canali  which  you  observe  leads^ 


from  this  rudimentary  uriuary  bladder  ef 
the  ostrich,  outwards,  to  tbe  most  exterior 
portion  or  the  preputial  cavity  164,  e),- 
the  one  beyond  the  uretbro-texual  canal 

(Fiy.  164,  d),  in  which  the  organs  of  ex- 
citement are  placed,  the  clitoris  {Fig. 
164,  k)  in  the  female,  and  its  analogue, 
the  penis,  in  the  male.  This  cloacal  uri- 
nary bladder,  so  much  developed  in  the 
ostriol),  is  the  sauic  part  of  tl^e  intestine 
which  develops  the  urinary  bladder  and 
its  continuatinn,  the  allantoit,  in  quadru* 
peds  and  in  man.      •  ■ 

In  the  manufiaUa,  as  in  birds,  all  parts 
of  the  digestive  apparatus  present  indica- 
tions of  a  higher  development  than  is 
found  in  the  cold-blooded  vertobrata,  or 
in  the  in  vertehrated  tribes,  and  we  obsen'O 
numerous  interesting  varieties  in  every 
part,  connected  intimately  with  the  livings 
habits  and  instincts  and  the  peculiaiitiea 
of  internal  structure  or  external  conform- 
ation which  charaolerijBe  the  subordinate 
groups  of  this  great  and  elevated  clase. 

No  Bvstem  of  the  economy  indeed  is 
more  immediately  connected  with  the 
individual  forms  of  all  the  separate  parts 
of  the  body,  and  with  the  various  instincts 
and  the  entire  organization  of  quadrupeds,, 
than  tfaefar  <U||«ttive  organs.  Acc«ndin($' 
as  these  first  instruments  of  digestion  for 
the  assimilation  of  foreign  matter  to  the 
likeness  of  their  own  body  are  formed,, 
must  the  kind  of  food  be  on  which  the 
quadruped  is  to  subsist;  and  so  must  also 
be  formed  all  the  different  instruments 
for  pereeiving,  pursuing,  seizing,  holding, 
and  subdividing  the  food.  Therefore  tbe 
various  modifications  of  form  presented 
by  the  alimentary  canal  obviously  influence^ 
the  forms  of  the  teeth,  the  jaws,  and  their 
articulations,  the  forms  and  articulations 
of  the  extremities,  especially  of  tbe  bands 
and  feet,  and  indeed  of  the  whole  rfee1eton» 
and  of  the  whole  muscular  «<ystPTri  for  the 
motions  of  the  various  parts  of  the  skeleton  ; 
tbe  nervous  system  also,  which  must  cor- 
respond in  its  development  with  the  wants 
and  instincts,  and  the  whole  intellectual 
as  well  as  the  physical  relations,  of  these 
animals,  and  the  organs  of  the  senses,- 
which  nnist  perwive  and  distinguish  their 
proper  food,  whether  it  be  in  the  air  or  in 
the  water  or  concealed  in  dark  recesses  of 
the  earth.  P>ut  as  the  glandular  organs' 
must  afford  the  solvent  materials  to  assist 
in  the  process  of  digestion,  these  must  be 
most  developed  and  ONM  active  where 
most  required  by  the  coarseness  of  the 
food.  The  circulating  system,  which  af- 
fords Aenutrimeiit*M  materials  to  these 
glands,  the  i-espiratorjrsyljtem,  which  oxy- 
genates and  renews  the '  lost  powers  of 
the  circulating  fluid,  and  givet  e^e^^y  to 
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nmaoular  fibres  and  indeed  every  sys- 
tem in  the  economy,  laiist  be  more  or  leas 
iniluciiced  by  the  extent  of  developiueat 
and  the  condition  of  the  digMliw  myt 
The  forms  of  the  lecomotivo  or^ns  an- 
kte  immediately  related  to  the  food  thaii 
l>»we  el  the  prehemii*  iiwtrwaMnIt,  but 

thnsc  of  mastirntinn  and  deglutition  are 
aiill  more  related  thau  these  j  so  that  the 
ibrms  of  the  molar  teeth,  the  principal 
iMtnmients  of  maatioitiim,  afibni  impor- 
tant indications  of  the  kind  of  food  and 
digestive  apparatus,  and  ot  the  whole 
«anictQTe  and  IMag  luMli  of  nuiwiifc 
Bona  nninials. 

The  long  nunreable  fieahy  Upa  of  herbi> 
vBrent  quMfopad*  aerve  them  at  lumda 
to  colIuLt  and  crop  their  vegetable  food. 
The  short-necked  heavy-headed  elephant 
oolleeta  U  from,  the  branches  of  treee  by 
its  lenglbened  note  or  proboscis,  which  it 
likewise  extend?  down wawis  to  draw  water 
£roro  the  brouk  to  throw  into  its  muuth, 
aUbongh  the  yoonyaaimal  is  suckled  by  the 
month.  The  long'-neckefl  slcndpr-beatlcd 
g^afiu  twines  ite  long  iiexibic  narrow 
tongue  ronndthe  green  foliage  of  lofty  trees 
to  bring  it  within  reach  of  the  lips  and  the 
teeth.  The  rhinoceros  does  the  same  with 
iU  long  tapering  thumh-like  extension 
from  the  middle  of  the  upper  lip^  The 
toothless  bird-rou7//!ed  ant-caters  extend 
Iheir  long  vermiform  lubricated  tongue  to 
CDHecfr  tb^  unsuspeeting  in«y.  But  (he 
claricled  rodentia,  Hkr  the  qundnimana 
and  man,  collect  and  hovLd  iheir  food  with 
Ihoirbftadt.  TMt  ted  ^  often  And  ocni- 
veyed  in  the  rodentia  into  cheek-pouches, 
as  in  the  simiae  of  the  old  continent  and 
ui  soiuu  of  tlte  cheiroptcivx,  and  we  see 
the  same  ties  ift  tbeotttithorhyncus. 

Tlie  nTimerous  mucous  gl  iiuJ-;  dls[)n^ed 
along  the  iiides  of  the  moutii  asj>isi  in 
ftftwing  the  food  in  this  peitef  itaconnek 
We  saw  already  how  the  teeth  vary  in 
tjieir  forms  and  atr«iot««e,accoriling  to  the 
Mince  of  the  tobelaecfet  they  are  designed 
to  ect  upon.  In  most  of  the  herbivorous 
quadrupeds  we  see,  m  addition  to  the  ia- 
^ior  iiollow  ui»:iuoLUi  pari  ul  tiie  tcetii  and 
tbecryttaUine  enamel  which  covert  tben* 
as  we  have  seen  in  the  inferior  elaasea,  an 
exterior  enveloping  cruita  petroae^  which 
oentolidatea  «m  imiiea'  the  cempoeent 
parts  iif  their  large,  broad,  and  conaplicated 
teeth.  The  food,  reduced  by  these  dense  in- 
t^iments  placed  in  deep  alveoli  in  single 
■cms  along  the  jaws,  it  mixed  with  the 
secretions  of  the  pnrotid,  the  siibmaxinary, 
and  the  bubliugutti  »ahvary  glands,  which 
ate  krgcst  in  the  berbivoront  aaimtK 
that  retain  the  food  lonj!^  in  the  mouth 
during  their  pfvkmged  mastication,,  and 
leattba  evntteteiMtribetritee 


lowed,  and  in  the  aquatic  mammsHs; 
where  the  thin  secretion  of  these  glant^ 
is  less  required  in  the  mouth.  It  passes, 
thus  iMitttBOd  aad  reduced,  into  a  wide 

phanTty,  and  thence  into  a  lon^  cylindrical 
oisophagus,  withoot  any  such  dilatation  in 

in  inferinr  classes.  The  oesophagus  is  wide 
and  dilatable  in  the  canii^ttOQS  <|uadra> 
peds,  where  the  iMtd  it  eiWD>«illow«Aie 
massea,  and  nanrow  and  muicnlar  in  tin 
herbivorous  species,  where  the  food  is 
more  completely  subdivided,  iuasUc&t«d, 
and  softened.  Ai4Mi|^  there  is  great 
uniformity  in  the  creneral  plan  of  the 
aiimentaiy  caotlof  this  class,  it  presents 
numerout  intenilfa^  tetritiet  bt  Iki 
foi  rns  of  iftt  etfintft  perti  in  Ihm  dUBntOk 
tribes. 

In  proportion  to  the  ktperitoknntritious 
characttt  of  the  animal's  food  most  this 

alimentary  canal  be,  in  the  whole,  length- 
ened, complicated,  and  capaciou!»,  so  as  ta 
receive  a  large  i^iamlalif  end  to  retain  thet 
food  which  contains  hut  little  nutritious 
matter;  and  so  must  it  be  short  and  small 
in  ceraimtooa  enimala,  to  ellotr  tbift 
nutritious  and  quickly  decomposing  matter 
to  p■,^s>i  tluough  it.  The  strong  muscular 
aiioplia^ua,  with  its  external  longitudinal 
and  iu  intuaial  ttaaivflcte  layer  of  meetB- 
lar  fibres,  sometimes  pastet  nieeh  beyoeA 
the  diaphra^  into  the  cwrilgF  of  the  abp< 
domee.  Spiral  fiddt  ere  aemetnett  eb- 
serveil  at  the  lower  part  of  the  (lusopha- 
gut,  but  MscKXi.  and  others  bave  never 
nirad  a  tpiral'velve  bt  tbeeevdie  eftbe 
horse.  As  the  alimentary  canal  is  short> 
ent,  and  mo^t  simple  in  its  form,  in  the 
carnivorous  umraraalia,  so  we  fiiitl  in  tliein 
often  the  stomach  without  a  trace  ttii^ 
of  s!ilKli\  i  ,ii)n  or  of  a  cffical  portion.  The 
cardiac  fundus,  however,  increases  to  a 
cascooittbe  ttotuch  beoonet  oontredeA 
in  its  middle,  so  as  almost  to  form  two 
cavities  folds  extend  in  others  into  its  ie> 
terior  so  as  to  form  several  partial  divi- 
sions, and  at  length  we  find  its  cavity  di- 
vided in  nnninantia  and  cetacea  into  mi- 
merouij  distinct  sacs  hav  uigddfereut  struc- 
fenret  and  functions.  These  diffbrebceeef 
compl.  x;*}  in  the  stomach  have  t^enerallf 
a  relation  to  the  greater  or  less  digesti- 
bility, and  lihe  niitoitioee  qnali^,  or  Ito 
food  natuml  to  the  aninial.  We  can  often 
perceive  obvious  differences  in  the  struc- 
ture and  functions  of  the  cavities  into 
which  the  ttoniMk  it  divided,  and  even 
their  teveral  uses  and  the  necessity  for 
their  development*  but  in  many  otben 
«a  cea  aatign  no  teetent  fot  Cbe  pertiew* 
lar  forms  which  the  stomach  or  its  cart- 
tiea  have  aaeitmed,  and  tixe  tame  ia  the 
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^roong  the  mcwjfc  complex;  fount  of  the 
^lOentary  (^an»lof  mamnialUi  aj-e  probably. 
lllOie  flmat  of  tbe  stomach  which  preset 
thenuMlv^  among  the  cetacea,  where  the 
flpsophagus  is  generally  very  short  and  wide, 
ay.  in  fishes.  lu  these  animals  wc  frc- 
tfuntly  find  the  Q;9ophagu9  leading  to  ^ 
unm  bottle-shaped  cavity,  and  this  sue- 
<!eed^  by  several  smaller  cavities  of  the 
«loiiuicbt  placed  transversely  from  left  to 
tlfgbt,  and  those  cavities  define^,  by  very 
ilarrow  constrictions,  and  even  marked 
internally  with  a  different  form  of  the  mu- 
cous membrane.  Thu»  we  o|(ierve  8uc> 
cession  of  cavities  in  tlie  porpoise,  where 
thp  fir;st  sac  of  the  stomagb  is  lai'ge*  Ipng, 
and  capadousy  coirespmidins  with  the 
wide  ami  ^hnvt  and  plicated  asophagus, 
and  where  there  is  even  another  sac  on  the 
duodenum.  Perhaps  in  those  cetaceous 
4nimals  fhia  subdivided  fonn  of  the  sto- 
mach corresi>onds  with  the  generally  low 
4]egree  of  organization  of  the  fQqd  on 
Whiqh  thejr  snhsist,  as  aU  lunds  of  fishes 
and  lower  marine  animals,  and  it  agrees 
also  with  the  imperfect  means  Qf  sub- 
dividing and  salivating  their  food  in  the 
inouth,  their  teeth  being  merely  prehen- 
sile  organs,  and  their  salivary  glands  being 
often  entirely  deficient.  There  is  little 
diftrenoe  between  the  sbmII  and  the 
large  intestine,  and  the  caecum  of  the 
colon  is  generally  entirely  wanting,  or 
verf  small  in  those  cetaceous  airimals. 

The  ruminating  (piadrupeds  have  the 
masticating  and  saliv  ary  organs  hirge,  the 
CBsophagus  narrow  and  long,  the  stomach 
Tery  compleic,  the  alimentarjr  canal  long 
and  capacious,  and  the  rtecuni  of  the  colon 
of  enormous  size.  In  the  ordinary  rumi- 
■anfia  wa  observe  four  principal  cavities 
of  the  stomach;  the  first  a  large  capacious 
and  partially  subdivided  paunch,  the  iu- 
tariw  oi  whi^  Is  lined  with  doscly  ap- 
proximated small  but  lengthened  villi ; 
this  and  the  two  succeeding  cavities  are 
covered  by  a  continuation  of  the  cuticle, 
as  foa  observe  in  the  specimen  of  this 
complex  stomach  before  you  of  the  Indian 
xeiu.  This  first  large  cavity  receives  the 
grass  aad  other  vegotaUa  food,  which  is 
hljjrric'illy  taken  in  uii masticated,  and  con- 
veyed directly  from  the  mouth,  to  be  here 
IK^cumulatcd  until  the  animal  obtains  a 
sufficient  supply,  yihem  it  generally  re- 
clines itself  up(»a  the  grass,  and  begins 
the  act  of  ruiuinatiun.  In  rumination, 
amall  portions  of  this  imperfectly  digested 
and  moistened  food  passes  from  the  pauiu  h 
into  a  much  smaller  second  stomach, 
which  is  covered  on  its  interior  surface 
with  processes  of  the  owoous  coat,  form- 
ing little  projecting  polygonal  cells,  or 
hotUj^y-comb  ^licx,   Ifrom  tlys  second  or 


asc«nJ  through  the  <i>«ophagu8  into  the 
OilQuth ;  there  they  af  e  leisurely  n^as^icate.^ 
after  having  been  mpistened  in  the  second 
stomach  and  formed  into  a  bolus.  After  the 
food  has  been  completely  masticated  by 
the  lateral  motions  of  the  lower  jaw,  and 
mixed  with  the  seeretions  of  the  very 
large  salivary  glands,  it  passes  down  again 
through  the  same  passage,  and  at  the 
lower  part  of  the  oesophagus  it  now  meets 
with  two  valvular  prominent  closed  lips, 
by  which  it  is  directed  to  the  third  sto- 
mach towards  the  left.  The  stimulus  is 
different  now  from  what  it  was^wben  the 
dry  unmasticated  food  first  passed  down 
through  the  ocsoplvc^us.  At  first,  those 
promuient  mnscuhir  lips  at  the  cardiac 
orifice  of  the  stomach  remained  open  ;  now 
they  are  closed  and  contracted  by  the  im- 
pression of  the  new  stimulus,  and  the  foodt 
glides  along  their  upper  surface,  aided  by 
their  being  also  shortened  ])y  contraction, 
into  the  third  aud  smallest  cavity  of  t.he« 

stomach. 

l%is  third  stomach,  eatended  tranai* 

veraely,  is  provided  with  numerous  lon- 
gitudinal plies,  running  parallel  to  eacii 
other,  and  i^matlng,  a  small  and  % 
large  plica  being  ])laced  alternately  hiR 
side  each  other  all  round,  which  extend* 
all  their  free  margins  inwards  from  the 
whole  circumference  towards  the  centM 
of  this  third  stomach.  This  foliated  or 
third  stomach  in  the  rumiuantia  is  but  a 
very  small  stomach  widi  regard  to  its  inn 
ternal  capacity,  yet  it  presents  an  im- 
mense surface,  by  means  of  its  many  pliea 
and  their  viUous  covering.  That  moooiw 
sui&ce  is  still  obviously  covered  by  a  coBr 
tinuation  of  the  epidermis,  as  seen  exf 
tending  over  the  first  and  second  slov 


From  the  third  stomach  this  digested 

food  passes  into  the  fourth  stomach, 
which  is  more  capacious  than  the  second 
or  the  third,  hut  much  less  so  than  the 
first;  it  is  the  proper  digestive  stomach,— 
that  portion  which  con-csponds  most 
form  and  structure  with  the  single  stomach 
in  carnivorous  quadropeds,  lined  with  a 
very  soft  secreting  mucous  coat,  which 
has  numerous  internal  longitudinal  plicae, 
but  is  destitute  apparency  of  all  epidermic 
lining.  That  mucous  coat,  and  its  large 
internal  longitudinal  plica^  you  observe  ii^ 
this  inverted  specimen  of  ^e  fomth  sto- 
mach of  the  Indian  zebu.  This  is  the 
most  ordinary  and  simple  Ignn  of  t^  ato* 
mach  in  the  ruminantia.  • 

In  the  oamds  and  dromedaries  Iho 
structure  is  more  complicated  by  meanf 
uf  its  numerous  water-cells,  and  is  simi* 
'  lar  to  that  >iybich  you  observe  in  this  large 
^^rc))ai«^  qf  the  il9i»wk        taa  qf 
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Beru  (Fig.  165),  which  is  now  so  often  im- 
ported into  this  oountry.  We  obaenre  bere 

that  the  paimch  is  very  capacious,  occupy- 
ing the  whole  of  the  Ictt  and  fore  part 
of  fhe  abdomen,  partially  sobdivlded,  as 


usual,  by  large  folds,  which  extend  a  con- 
siderable way  into  its  interior,  as  in  the  { 
horned  runiinantia.    But  \vc  see  at  the  ' 
pai't  of  this  large  paunch  wliich  is  next  1 
to  t^e  seoond  stomach,  nameroos  itms  of 
large,  quadrangular,  deep  cells ;  those ' 
cells  arc  surrounded  by  muscular  fibres,  \ 
which  are  capable,  by  their  contraction, . 
«r  eondttdbig  the  food  of  the  paunch  from ! 
the  water  cavities.    Those  are  the  water 
cavities  which,  by  their  opening,  allow 
the  contnined  pore  water  to  mix  in  small 
successive  portions  with  the  food,  and 
which  we  see  in  the  lower  part  of  the 
paunch,  as  well  as  in  the  teooiid  ftomach, 
of  the  camel,  the  dioiiiedary»  and  the  lama, 
to  suit  them  for  carrying  with  them  a 
large  supply  of  pure  water,  and  thus  for 
Inhabitiiig  arid  and  sultry  plains.  The 
■ecoad  stomach  of  this  lama  you  will  ob-  ] 
MTve  also  to  be  provided  over  a  great  part 
of  Ite  wnhee  with  the  tame  cellular  itruc- 
tture.   This  second  stomach  first  receives 
the  water,  directly  from  the  oesophagus, 
that  is  taken  in  as  drink.    It  apparently 
conveys  a  portion  of  it,  after  its  own  cells 
are  filled,  into  the  cells  at  the  bottom  of 
the  first  stomach,  and  it  thus  fills  with 
pure  water  from  the  cavity  of  the  aeoond, 
all  the  cellular  cavities  of  the  first  stomach. 
So  that  portions  of  this  fluid,  little  by 
little,  can  be  transmitted  from  the  cells, 
lather  of  the  second  or  of  the  first  stomach, 
to  mingle  with  the  food  while  it  is  di- 
gesting.   The  third  stomach,  the  many 
yki»h  is  small,  and  of  a  lengthened  form, 
m  the  lama,  and  provided  internally  both 
with  longitudinal  and  transverse  folds  of 
|tt  mncout  coat.  The  fourth  stomach  is 
of  a  i-emarkably  lengthened  form,  appear- 
ing here  like  a  long  colon,  puckered,  and 
curved  suddenly  towards  its  right  or  pylo- 
ric extremity. 

'  The  fourth  stomach,  which  is  so  much 
smaller  than  the  paunch  in  the  adult  state 
'of  those  ntminating  quadrupeds,  is  the 

stomach  that  appears  to  be  alone  em- 
ployed for  the  digestion  of  the  food  during 


the  earliest  period  of  existence,  and  during^ 
the  suckling,  and  you  will  observe  in  this 
dried  specimen  of  the  ruminating  stomach 
of  a  foetus  taken  from  the  uterus,  that  the 
pennch  is  comparatively  small ;  the  second 
stomach,  already  beautifully  marked  with 
its  internal  honey-comb  plicae,  is  very 
small;  the  third  stomach  has  its  nume- 
rous parallel  plicae  not  yet  detached  from 
each  other ;  but,  being  still  in  contact  with 
each  other,  the  edges  of  those  agglutinated 
plicae  form  the  Inmndary  of  a  continuous 
tube,  leading  from  the  oesophagus  through 
the  third  directly  into  the  fourth  or  true 
digestive  stomach.  This  fourth  stomacli 
is  very  large,  at  this  i>eriod,  compared  with 
the  others,  and  the  milk  in  suckling  passes 
thus  directly  frouj  the  a'sophagus  into  the 
fourth  stomach,  which  is  here  larger  even 
than  the  paunch,  without  passing  into  the 
firator  the  second,  and  without  remaining  in 
the  third  stomach.  The  milk,  passing  do\vn« 
wards  from  the  oesophagus,  arrives  at  the 
prominent,  still  closed,  valvular  lips;  it 
glides  along  them  to  the  third  stomach ; 
the  third  has  not  yet  been  distended  so  as 
to  separate  those  plica?,  and  it  merely 
forms  a  tube  through  which  the  milk 
passes  into  the  fourth  stomach. 

The  intestinal  canal  of  the  ruminating 

quadrupeds  is  of  great  length,  and  has  al- 
ways the  colon  long  and  convoluted,  and 
of  great  ividth  compared  with  the  small 
intestine.  The  alimentary  canal  is  some- 
times more  than  thirty  times  the  length  of 
the  trunk  of  the  body,  as  in  the  sheep.  The 
small  intestine  is  long,  narrow,  witti  a  vil- 
lous internal  surface,  thin  parieics,  and  a 
short  mesentery.  The  caecum  of  the  colon 
is  long,  wide,  and,  like  the  colon  itsdf,  ie 
smooth  internally,  (not  puckered  and  sac- 
culated by  longitudinal  banda,  as  we  find  it 
in  many  other  herbivorous  quadrupeds,) 
and  forms  numerous  small  convolutions 
before  it  ends  in  the  rectum.  The  liver  is 
but  litUe  divided  into  lobes,  and  the  gall- 
bladder is  often  wanting*  Tlie  bllohate 
pancreas  sends  out  a  single  duct,  which 
sometimes  enters  the  hepatic,  as  in  the 
camel,  where  there  is  no  gall-bladder. 

We  find  the  same  kind  of  food,  the  same 
form  of  masticating  apparatus,  and  the 
same  great  development  of  the  salivary 
organs,  in  the  pachydenna,  as  in  the  rumi- 
nating quadrupeds.  In  this  pecari  the 
salivary  organs  are  even  larger  than  in 
any  of  the  ruminantta.  In  many  of  these 
pachyderma  we  still  observe  many  com- 
plex forms  which  mark  gradations  in  the 
complcxncss  of  the  stomach,  to  the  more 
simple  forms  of  higher  orders.  It  is  often 
partially  divided  by  plic«  that  extend  Into 
its  interior,  as  you  observe  in  the  America 
I  tapir,  and  in  most  of  the  hog  Uibe.  The 
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stomach  in  these  animals  is  divided  almost 
into  MWaraLdtetinct  cavities ;  the  muscular 
aetcn^agus  enters  the  middle  large  cavity 
of  we  stomach,  aud  has  upon  its  left  side 
aMmfluaar  or  cretoentic  portion  which 
ends  in  two  cajca.  On  its  right  side,  its 
pyloric  extremity,  we  observe,  also,  con- 
tinuations of  the  mucous  coat,  inwards, 
that  produce  partial  subdivision,  internally; 
but  here,  as  in  otiicr  pachydcrrna,  the  same 
form  of  the  mucous  surface  is  observed  to 
be  oontiniioas,  and  to  present  the  same 
character  over  all  those  partially  separated 
cArities.   In  the  little  hyrax  {Fig*  166) ,  we 

rt(f.  166 


observe  aremarkable  form  of  the  alimentary 
cana],  the  stomach  is  divided,  by  a  narrow 
constriction,  into  two  almost  globular  sacs, 
nnd  the  pyloric  portion  of  the  duodenum 
enlarges  to  form  a  thu'd  though  much 
smaller  sac.  The  lai^  and  small  intes- 
tines of  this  animal  are  nearly  of  the  same 
length.  The  small  intestine  ternunates 
in  a  large  irregular  tac,  which  is  the  ordi- 
nary cicciun  of  the  colon  ;  below  this  sin- 
gle large  cscum,  the  colon  itself  enlarges, 
to  form  another  sac  of  a  more  lengthened 
fonn.  About  the  middle  of  its  whole 
length  the  colon  again  suddenly  enlarges 
to  twice  its  ordinary  diameter,  and  from 
this  enlarged  portion  two  small  tapering 
ca;ca  {Fiff.  \6C>,  d  d)  are  extended,  as  from 
the  colon  of  most  birds. 

Among  the  marsupial  qoadmpeda  we 
dhserve  in  the  camlvoroua  dasyuri  and  in- 
sectivorous opossums,  a  very  simple  mem- 
branous form,  but  in  the  kangaroo  a  re- 
Inarkabljr  oomplex  form  of  the  stomach. 
The  oesophagus  enters  in  the  adult  kan- 
garoo at  about  nine  inches  from  the  left  ex- 
tremity of  this  long  convoluted  stomach,  a 
Itoniach  convoluted,  and  puckered  by  lon- 
gitudinal bands,  like  the  long  capacious  co- 
lon of  the  pachydermatons  maromaUa.  You 
observe  that  sacculated  and  convoluted  fonn 
of  the  stomach,  both  in  this  specimen  of  the 
adult  and  in  this  of  the  young  kangaroo. 
Thtfre  is  thus  a  considerable  portion,  to  the 
extent  of  nine  inches,  of  this  stomach,  in 
the  form  of  a  cxcum,  on  the  left  of  the 
cesophagus>  beyond  the  part  into  which 
the  cardiac  extremity  of  the  irsophagus 
eaters.  This  is  a  more  complex  form  of 


Fig.  ic; 


the  stomach  than  that  even  of  this  pecan, 
if  we  are  to  regard  its  complexness  ai 
arising  from  the  number  of  internal  par- 
tial partitions.  The  kangaroo,  which  is 
the  only  representative  of  the  ruminantia' 
in  Australasia,  is  often  observed  to  be  ca« 
pable  of  bringing  up  boluses  of  fbod,  like 
a  raroinating  animal,  from  the  stomach 
into  the  mouth,  to  be  remantlcated.  and  to 
convey  that  food  again  when  completely 
masticated  into  this  complex  stomach.  The 
intestine  of  the  kangaroo  is  very  long  and 
convoluted;  the  ctecum  of  the  colon  is  of 
great  length  and  size.  You  observe  in 
this  of  the  adult  kangaroo  that  there  is  a 
length  of  the  caecum  of  the  colon,  which  is 
here  of  a  curved  and  sigmoid  form,  of 
about  fifteen  inches,  from  the  entrance  of 
the  small  intestine  into  the  colon. 

The  cacum-cOli  of  the  wombat  {Fig, 
167,  h)  is  short  and  wide,  and  has  a  re> 
mailcahle,  small,  narrow  ap-^ 
pendix  {Fig.  167),  opening 
into  its  commencement,  and 
formed  like  the  appendix 
vermiformis  of  the  htmiaa 
body.  This  vermiform  ap- 
I>endix  of  the  caecum  of  the 
colon  is  seen  also  in  the 
highest  genera  of  the  qua- 
drumana,  where  the  stomach 
and  the  whole  of  the  alimentary  canal  ap- 
pix)ac]i  the  nearest  to  those  of  man.  At 
the  cardiac  orifice  of  the  stomach  we  ob- 
serve in  the  wombat,  as  in  the  hezr 
ver,  a  distinct  gastric  ^and,  in  the 
same  relative  situation  as  we  saw  the 
glandular  iufundibulum  of  birds,  and  in 
both  these  qnadrupcds,  of  rodent  habit^ 
it  is  developed  to  this  extent  to  assist  in 
the  digestion  of  the  very  coarse  food  on 
which  they  subsist.  -  In  the  sloths,  and,  as 
shown  by  Otto,  in  the  semnopitheci,  the 
stomach  is  sacculated,  and  as  we  see  to  a 
greater  extent  in  the  kangaroo.  The 
myrmccophaga,  like  the  byrax,  has  a 
double  caecum  formed  on  the  colon,  but 
here  placed  at  the  commencement  of  that 
part,  and  they  are  small,  without  valves, 
and  with  narrow  contracted  openings. 
These  ant-caters  have  also  a  muscular  sto- 
mach like  the  gizzard  of  a  bird,  or  a  croco- 
dile, to  a  compensate  for  their  want  of  teeth. 

The  highly  nutritious  food  of  the  strong 
carnivorous  mammalia  requires  a  less 
I  capadoos  and  less  oompiicatdi  alimentary 
I  apparatus  than  we  find  in  many  of  the 
!  inferior  orders.     Tlieir  great  muscular 
I  strength,  their  acute  organs  of  sense, 
I  their  strong  prehensile  weapons,  and  their 
high  cerebral  development,  enable  them 
to  perceive,  to  obtain,  and  to  subdivide, 
that  hind  of  food  which  requires  least 
assistance  from  digestive  organs  for  its 
assimilation^  and  we  find  their  ssilivary 
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g^nds  small,  theii*  cesopliagus  wide,  their 
stomach  uinipH  siQ»li,  aad*  membranous, 
'  tbeir  intestine  short  and  narrow,  the  colon 
9»fX  (tie  caacimi'Goli  vqs£  ^tiQrt  and 
nairow,  or  mHirely  mmUhif*  V».mmlbB^ 
and  the  jilantigrade  carnivora  have  no 
trace  of  the  ^iimll  caecum-ooU  wluiih.we 
find  in  the  otlier  gener«wn<^  of  th«  luuud 
valve  of  the  colon.  Thd4M|ily  lohated  liver 
of  the  camivora  is  alway» provide<l  with  a 
ipo4erate  gaU-bM4«r*  whigh  senda  Us 
duct  inlo  the  4«odani»»  wmr  to  the  py- 
loi  li^.  The  stonnif  h  of  the  bats  is,  for  the 
ipodt  pait,  like  that  of  the  quadruman^  a 
simple  Imembranoas  cavity>  with  a  small 
ca»cal  portkm  to  the  left  of  the  c&i  dia;  but 
hi  the  frugivorous  pteropt,  as  in  the  seuj- 
Qopitheci,  the  stomach  is  a  capaciout* 
lengthened  sacculateil  QKvUtf^  Uke  the 
Otdon  of  a  herhirorous  quadruptMl,  ai^ 
■Iwwa  longunce  by  CuviEa.and  Mecksl. 
The  simpler  fimo- of  aliinentiiry  ca- 
vity which  v.e  find  in  the  higher  quad- 
mmana,  in  the  gibbons  and  orangs,  is 
that  also  of  man,  but  the  stomach  of  the 
qnadrumana  is  more  short  and  rouBded, 
and  has  its  left  caecal  portion  more  ex- 
tewled*  than  the  hiunao«  Their  intestine 
still  wants  the  valvule  conniventes.  They 
have  the  same  sacculated  wide  colon  with 
i|8  three  short  longitudinal  bands,  gene- 
rally the  same  short  and  rounded  form  of 
the  cxcum-^nAii,  and  the  same  vermiform 
glandular  appendix  of  this  cjccnm  in  mar.y 
of  the  highest  genera*  which  we  tiud  m  the 
human  intwtiite.  This  venDiforoa  ai)pen- 
dix  is  the  only  cxcnm  we  observe  in  the 
^i^raan  f(ettts»aiid  it  i«  the  form  which  the 
adalt  cttoom  presents  in  many  of  the 
inferior  mammalia.  Thus  \\  e  observe  that 
all  the  essential  parts  of  the  human  di- 
gestive ai)paratu3  are  gradually  developed 
^nA  acquire  their  characteristic  forms  in 
ascending  through  the  various  grades  of 
the  animal  kingdomi  but  man  and  the 
monad,  at  the  two  ezti>emmi  of  this  great 
series,  are,  alike*  digestive  sacs,  moved  to 
and  fr<i  in  quest  of  matter  suited  to|»rolong 
i^vidusl  existence  and  the  raue* 


Okology, — the  ver}-  nnmr  of  which  has 
been  but  a  few  years  engrafted  on  our 
language,— shows  us  that  the  existence  of 
the  earth  has  not  1>een  limited  to  a  few 
thousand  yeare  of  man's  existence.  Our 
globe  haa  been  subject  to  vai»t  physical 
fevolutions,  and  the  geolo^t  has  disco- 
rered  in  it  the  existence  of  a  sticcession 
of  iQonuments*  the  tombs  of  the  ancient 
tUhnbifeants  o^  the  earth,  each  of  which 
may  have  required  a  thousand  ages  for  its 
elaboration.  ^Prqfmor  Sedffwlfik^  Qim- 
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LECTURE  XL 

ON  THE  ANATOMV   OF  KXPBESSION. 

We  were  consiflerm??,  Gentlemen,  at  a 
former  lecture,  ujuscuiar  fibre,  and  from 
coni^^i  K  T  ing  pure  fibre,  we  went  oit  to 
speak  of  the  musck*  itself,  and  after  re- 
flecting on>  the  manner  in  w  hich  fibres  of 
muscles  are,  constantly  brought,  through 
rlic  influence  of  the  nerves,  to  act  as  one 
organ,  we  proceeded  to  consider  how  the 
different  muscles  were  combined  together. 

Now  it  appears  as  if  something  wera 
wanting  in  an:ih)ir>y  here;  that  is  to  say^ 
wc  rest  satisfied  with  examining  beautifol 
plates,  with  risading  the  heaotifol  descrijp- 
tions  of  A1.8IKVS  and  others,  relative  to 
the  origin  aiud  insertions  of  musc:les,  whicli 
certainly  are  most  beautifully  depicted 
and  described ;  but  the  classification  of 
these  nuisclcs  we  have  not  entered  upon. 
Tothiai  subject,  therefore,  I  claim  your  at- 
tention, in  order  to  observe  how  thet 
same  engine,  that  is,  tho  sainc  Tnnscle,  by 
means  of  different  combinations,  oj^ercis^ 
different  powers,  or  lends  itsdf,  as  it  w«r% 
to  tlie  performance  of  difTercnt  functions, 
so  that  the  same  muscle  will  either  subject 
itself  directly  to  the  will,  or  will  act  by  an 
impulse  of  which  the  mind  takes  no  cog- 
nizance, In  proceeding  with  this  subject 
1  first  wishi?d  to  make  it  understood  thab 
there  existed  an  important  class  of  mnscle* 
which  were  influenced  by  the  condition  of 
the  viscera  of  the  body,  perhaps  not  pri- 
marily, but  in  a  secondary  way,  and  that 
under  the  influenoo  of  jiassion  the  con* 
t(Mits  of  the  thorax  were  bound  together 
and  acted  tog^thei'  as  one  organ.  UaviQ|g 
given  yon  an  instance  in  which,  by  sym** 
pathy,  one  part  excited  the  whole  into 
action,  I  then  begged  you  tp  mark  Uie 
sympathy  existing  between  the  estinrior  ap- 
paratus of  muscle^  and  tlie  ii^tfiimiX  ini 

contained  parts. 

For  this  purpose  i  drew  youi  attention 
to  the  characteristics  of  asthma,  showing 
you  how  the  condition   of  the  hingi 
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Ik  the  lowest  tribes  of  animals  the  as- 
similation  of  foreigu  matter  is  compara- 
tivdy  a  simple  process,  and  is  effected  by 
the  simplest  means.  There  are  few  che- 
mical constituents  in  their  food,  and  few 
in  the  texttirai  into  wbldi  that  food  19  to 
be  converted.  The  same  metnbran  us  sac 
which  receives  and  digests  the  food,  traus- 
mitt  Hie  assimilated  portion  through  its 
narietes  to  form  a  iku  t  of  the  general  cel- 
lular tissue  of  the  body.  In  tracing  the 
forms  of  this  digestive  sac  tbiuugUout  the 
aiumal  kingdom*  we  have  seen  it  to  be- 
come more  lengthened  and  complicatetl, 
more  exquisitely  organized  and  divided 
Into  distinct  parts,  as  we  aKend  in  the 
scale ;  cajca  are  extended  from  its  sides, 
muiicious  distinct  '^lamlnlnr  origans  be- 
come developed  irum  its  paiiutcs,  autl  a 
circidating  system  of  vessels  which  con- 
vey the  nutritions  prodm-t  of  digestion  1 
from  the  alimentary  canal  to  all  parts  of 
the  system  becomes  graduallf  isolated,  and 
forms  the  sanguiferous  system.  The  ma- 
terials of  the  sanguiferous  system  are  re- 
ceived from  the  digestive  organs,  du'ectly 
l»j  the  veins  in  the  laveitehmted  dasset  of 
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animals ;  but  in  tbc  higher  classes  of  ani« 
mals  constituting  the  vcrtebratcd  diviaion, 
there  is  a  separate  system  of  vessels,  still 
intimately  connected  with  the  venooa 
system,  devclopctl  for  the  conveyance  of 
the  nuti-itious  matter  into  the  compU* 
cated  hydratdic  apparatus  destined  to  con* 
vey  it  throughout  the  system.  The  fluid 
which  those  vessels  take  up,  being,  in  the 
highest  class  of  vertebrated  animals,  most 
frequently  opaque  and  of  a  whitish  colour, 
has  received  the  name  of  chyle  or  lacteal 
fluid  i  and  the  vessels  and  glands  through 
which  it  passes  in  its  way  to  the  hlood!» 
form  the  lacteal  or  the  chyllferous  system. 

Is'ow  this  system,  though  most  limited 
in  its  distribiitioit,  manifests  the  same  suc- 
cession of  stages,  the  same  successive  de- 
grees of  developmnnt,  in  .iscondin^  throiic^b 
the  classes  of  amiaais  in  wiucii  it  cxi^ts^ 
as  we  observe  in  most  other  distinct 
s}?tntns  of  the  economy.  In  order  to 
perceive,  however,  the  nature  of  its  de» 
velopment,  it  is  necessary,  of  course,  to 
examine  the  component  parts  of  this 
system,  that  we  may  see  in  what  parts 
it  is  capal)Ie  of  evincing  different  degrees 
of  development  and  higher  stagn  of  or- 
ganization. 

The  fluid  resembling  the  white  blood  of 
invertebrate,  which  is  conveyed  from  the 
alimentary  canal  into  the  circulating  mass, 
varies  in  its  properties,  physical  and  che- 
mical, in  different  tribes  of  animals,  and 
iu  the  same  animal,  according  to  the  differ- 
enceofthe  kind  of  food  on  uhicli  it  subsists, 
it  is  observed  that  in  tiie  ingiicr  verte- 
brated classes  the  food  which  has  undergone 
the  usual  change  in  the  alimentary  canal, 
and  which  has  been  fully  acted  upon  by 
fluids  poured  into  that  canal,  eshihihi 
numerous  glohi:!;ir  bodies,  like  blood-glo- 
bnlcs,  floating  throughout  lis  thinner  parts. 
Those  globular  particles,  similar  iu  size 
ntul  appearance  to  those  composiug  the 
fibrinous  part  of  the  blood,  seems  to  foriH 
a  princi|>al  constituent  of  the  uutritiou^i 
part  the  chyme,  the  chyle,  and  that 
which  is  chicily  taken  up  by  the  lacteal 
vessels.  ^V  hen  the  chyle,  however,  of  the 
mammalia  is  examined  after  coagulation, 
it  is  found  to  resolve  itself  into  a  fibtinoua 
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cnatuneiitiaii  of  a  iUg^f  reddish  hoe,  * 

and  which  is  most  abundant  in  flo ch- 
eating or  carnivorous  animals  ;  a  thin  | 
serous  Auid,  Yika  that  of  the  bluod,  which  is 
nuMt  abundant  in  the  lowest  and  tfie  most 
impoverished  or  vegetable  eating  animals; 
and  a  lighter  substance^of  a  white,  opaque, . 
•ndiiatty  na^ira,  whidi  it  found  in  greatest 
proportion  in  the  highest  animals,  nnd 
when  they  feed  on  substance*  having  that 
cliaracCer.   There  is  thus  a  similaxi^iii, 
the  conditions  preieijited  by  the  dttjm  in ' 
the  vcrtebrated  classes,  and  the  conditions 
ef  the  white  blood  which  circulates  throt^h  i 
TesMils  af  the  iBveftebfala»  ^wlrare  it  Is 
more  thin  nnd  serous  in  the  lowest  tribes,  [ 
•nd  mui'e  fibrinous  and  coagulable  in  the  i 
tflssses  neerest  to  the  vertehivCa.  Th»\ 
substances  composing  the  chyle  arc  in- 
timately  minclod    tot^ethcr  in  passing 
through  the  chyiiftroua  vessels,   but  are 
not  known  to  be  aided  in  their  progress 
through  those  vessels  by  pulsating  cavities, ! 
as  have  been  shown  in  the  lymphatic  sys- 1 
Hem  by  Vamtssa  and  by  Mvvuetu  Their 
proportions  vary,  not  only  according  to  | 
the  kind  of  food,  but  likewise  very  much 
according  to  the  class  of  animals  in  which 
we  examine  that  fluid. 

In  th?it  class  of  animals  which  feeds 
vpon  the  highest  of  organised  sabstances, 
Ihe  dasi  maimnaHa,  the  chyle  ezbfblti 
p-rratcr  opacity  and  whitcnrss  of  colour, 
and  contains  the  greatest  abundance,  both 
i^theibrinom  part  and  of  the  floating 
fatty  cmst,  and  is  altogether  most  aeady 
allied  in  its  nature  to  red  blood.  It  is  ol^ 
served  also,  that  in  the  same  animal  which 
cahibits  this  form  of  the  chyle,  as  its 
liealthy  condition,  when  the  food  is  of  a 
iwtritious  quality,  the  opaque  parts  of  the 
chyle  diminish,  and  it  assumes  a  moiie 
liin])id,  translucent,  and  colourless  ap- 
pearance. Those  mammiferous  animals 
which  feed  upon  less-highly  organized 
matter,  have  the  chyle  in  this  travislncent 
and  limpid  condition  like  that  of  inferior 
vcrtebrated  cUisses ;  so  that  there  is  a  kind 
«f  development  manifested,  even  in  the 
proju  rticf  of  tln?i  fluid  Itself,  as  we  ascend 
£rom  the  trant>parent,  colourless,  and  lim- 
pid chyle  of  fishes,  to  that  opaque,  thick, 
wlute,  and  blood-like  fluid  whicli  is  cora- 
monly  contained  in  the  chyhformis Tesiels 
of  the  higher  mammalia. 

The  vessels  whieh  eonvey  Utiaa  more 
highly  elaborated  portion  of  the  chytne — 
this  chyle— into  the  blood,  exhibit  a  very 
flhnple  stmetmw  even  in  the  highest  ani- 
mals. They  present  two  coats,  which  are 
easily  sepaiable  from  each  other  in  the 
mammalia.  The  inner  coat  is  a  thin, 
•mootb,  sevOQB  membrane,  which  by  ex- 
ten  ding  more  or  Ics  inA\\irds  into  the  in- 
terior of  the  lacteal  vcsselii,  produces  those 


crescentic  or  eemOnnar  valves,  so  nmne* 

rous  and  complete  in  the  hic^hcr  animals, 
which  serve  to  keep  the  contained  fluid 
constantly  in  one  direction  in  its  moticHis. 
The  valves  are  semilunar  folds,  so  siraate 
RH  to  prevent  the  chyle  from  returning 
backwards  into  the  intestinal  canal,  and  ta 
assist  in  its  moHon  forwards  to  the  venooa 
system.    The  coat  which  is  ftmntl  exterior 

tothis  jpterwiil  Inrec  is  a  fonghi  tiuMk. 
fibraw  ooat ;  but  It  ioei  not  appear  i» 
possess  irritability^  or  it  does  not  mani- 
fest those  contractions  which  have  been, 
shown  in  the  lymphatic  hearts,  by  Pa- 
NixEA  and  MvLLsa,  in  seversl  i^sesof 
vertebrata,  in  amphibia,  in  reptiles,  and 
in  birds.  It  is  a  ooat»  howeFer,  which  ia 
much  more  denae  and  tonf^  in  ita  tex- 
ture than  that  thinner  serous  membrane 
which  lines  the  lacteal  vessels  ;  indeed  it  is 
a  coat  of  bucli  cuiisidecahie  density  aud 
toughness,  that  al^qgh  the  lectculs  are 
artificially  distended  to  a  great  degree,  it 
allows  of  this  distention  with  heavy  aaer* 
cury  without  their  bnrstlBg. 

Now  when  we  examine  these  delic  ate 
chylifcrous  vessels  in  the  lowest  of  Ike 
vertebrated  classes,  we  find  that  their 
whole  structure  and  disposition  manifeefc^ 
an  inferior  degree  of  development.  Tlmf 
ace  mach  iewer  m  auoiber  in  Ushes;  mfoa 

mesentery,  they  contain  a  colourless  thin 
chyle  without  fatty  matter  and  with  little 
fibrinous  portion.  We  cannot  separate 
Ihe  tuaic  wliich  forms  tlte  husteal  viMla 
of  fishes  into  two  distinct  coats ;  they  ap- 
pear to  be  composed  of  a  simple  mem- 
brane, and  tintt  membcane  does  not  ex* 
tend  into  the  interior  to  form  coTnpletc 
semilnnar  valves,  whidi  are  so  obvious 
and  so  viuumtat  in  flie  roannndia,  hvt 
here  only  forms  the  parietes  of  a  smoodi 
and  nniforni  tnbe,  almost  without  a  trace 
of  voivuiai-  structure;,  esuept  wliere  the 
great  lacteal  trmiks  enter  we  wnoHiafV* 
tern,  at  which  place  there  are  almost  al- 
ways valves  to  prevent  thit  entrance  oS 
venoatUeod  into  the  laoleeltruBfcik  ' 

The  system  of  vessels  appears,  so  fsr 
as  has  yet  been  ncruratply  ascertained,  to> 
be  confined  to  the  vertebrated  classes  of 
animals.  It  is  true  that  vessels  liave  beam 
often  observed  in  the  invert ebrated  cla^rses 
of  animals  wludi,  from  the  transpareni^ 
and  oohmileai  nataae  of  tte  hleod  ftey 
convc} ,  were  in  former  times  regarded  aa 
lacteal  veraels,  as  on  the  mesentery  of  the 
echinus  described  by  Monro,  in  liie  larvx 
of  insects  by  SHSMion,  and  in  odier  ii^ 
vertebrata.  The  condition  of  flie  circu- 
lating blood  in  the  invertebnited  animals, 
with  regard  to  Its  lesmlMaiiue  chyle 

and  the  extreme  delicacy  of  the  vessels, 

renders  it  difilcidt  to  diitKognudi  difiEsresfc 
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sete  of  vessels  from  each  other,  even  if 
laiTlMds  and  lymphatics  did  cadrt  io  iSienii 

along  with  their  sangniferous  vesaels.  It 
ia  easy  in  red-Ulooded  .animaJs  to  observe, 
spnading  upon  the  MmIIm^  ttr  between 
the  folds  of  tiie  mesentery,  numerous 
|llexn9cs  of  delicatp  minute  vpspels,  closely 
Mrterwoveii,  auii  forming  minute  inesiies, 
OBOvc}  uii  opa^^tie,  a  wlute,  or«  oi^ar- 
lese  flui'i,  find,  passinp  through  mesenteric 
glaasds,  and  to  distinguiab  tbem  fhuu  the 
l^>ger  segnlarly  tmaSoeAmxktim  or  ytim, 
containing*  seft  UbDod^^vlikiiMnii^sny 
them. 

In  the  class  of  fishes  we  already  observe 
lymphatic  veesttU  spread  over  all  parts  of 
the  bofly,  both  the  fnperficial  and  deep- 
seated  i  and  which,  indeed,  are  so  oUvious 
!■  fluniy  IsKj^v  Ashot,  'tint  they 

•were  early  obscrvpd  by  Monro,  Hkwson, 
]*OHMAim,  MsCKSL,  and  others,  who 
examined  tbefar  utmotore,  injected  them 
ibA  ^ater,  or  with  mercury,  inflated 
them  with  a»r,  and  showed  in  various 
modes  their  shnple  etructore,  of  a  sin- 
0iib  vttr|f  Hitn  tenlc,  'tficsr  *want  vt 
valves,  cxreptinc:  where  they  enter  into 
vetns^  whore  there  are  generally  valves, 
awl  Hiifr  €Kt8Mivi6  ^ibr^ittion,  paarti- 
cttlarly  over  the  snperficfal  parts  tn  tiie 
body.  Lacteal  ve8f(?k  are  also  found 
i^^ading  on  the  smaii  intestine  and  me- 
SMtery  in  moit  flriMi  wlrfflli  hatvel^n 
(examined  with  this  view.  The  lymphatic 
vessels  have  baea  lonnd  in  thiq,  as  in 
Higfber  oImmrm  "Of  iflMiiBifls,  to  liwo  4ho 
freest  communication  with  the  venous 
system.  In  fishes,  the  lacteal  vessels  are 
spread  in  two  layers,  oonaisting  of  nume- 
am  yrtlniiliip  fdoBiwet 'between  the  mu- 
cous and  mnsfiilar  coats,  and  between  the 
muscular  and  seims  coats  of  the  intestine. 
IfeotoipeflMliiiBitototolBXgflr  and  larger 
tnmks,  which  pass  ori,  often  forming  anas- 
tomoses and  plexuses  in  their  course,  but 
without  traversing  mesenteric  glands,  to 
terminate  in  one  or  tmo  gnatveeeptacala 
chyli,  from  which  proceed  two  thoracic 
dnots,  o£t6u  anastomosing  together,  that 
OTBwi^  VMir  omnnna  (ono  mo  wwna' 
system.  In  the  interior  of  those  vessels, 
is  seen  by  injecting  them,  or  in  opening 
tad  -Ittftitnig  ihem  upon  the  sur- 
face, they  are  destitute  of  the  intesiud 
layer*  which  eoT5?tTtute  tfie  valves  in  the 
higiietit  ciasB ;  but  they  yet  present  a  sac- 
coated  or  ImmM  appeamiue  irtna  in- 
jected, from  numerous  smaSl  ffllfllrti'iBtiiiiBn 
UlDe  ntdim^tary  valves. 

these  conglobate  organs  of  doubtful  func- 
tion hnve  not  been  distinctly  seen  in  any 
lisbeii,  but  two  or  tiiiee  siiiail  lenticular 
gbuididar  bodies  have  been  dbftrved  in 


have  been  regarded  as  mesenteric  glands; 
but  It  Itaa  nctt  beoB^iiliowB  Hiflfc^ipen  Aoae 

few  arc  to  be  considered  as  the  commence- 
ment of  the  development  of  the  mesenteric 
glands  in  Hie  vertebrata*  l^y  are  xo- 
garded  by  Mbcksl  as  xadier  antihgoiw  to 
the  tb^Tmns  of  higher  animals. 

Although  the  vahrea  are  wanting  in  the 
cfayliftnnn  vsaaala  «f  fahea  Huoni^umt 
their  coTirse,  froro  the  mi;cous  membrane 
of  the  intestine  to  their  termination  in  the 
vainty  Aavo  aM|  faa*  tlto'inoat  part,  soan  at 
the  termination  of  the  lacteal  trunks  in 
the  veins,  small  folds  that  serve  the  pur- 
pose of  valves  in  that  siLuatiou,  to  prevent 
the  entrance  of  blood  into  the  open  lac- 
teals.  The  two  lacteal  trunks  or  thoracic 
dttcts  receive  all  the  lyinpbatiea  from  the 
bead  aokl  the  anterior  fnrla  of  the  tnidy 
before  0])eiilii^  into  the  vein-,  and  they 
form  by  their  union  considerable  plexuses. 
The  lacteals  closely  accompany  the  blood- 
vessels along  tiie  mesentery,  and  'ComefroBi 
the  small  intestine.  The  lacteals,  from 
the  intestine,  and  the  fymphstic  vessds 
firoaa  tbe  ^waterior  .paita  of  4he%raiik»  ge* 
nerally  enter  the  receptaculnni,  after 
uniting  to  form  two  great  trunks.  Hie 
receptacnIaaB  chyll,  wlieflier  single  •m 
double,  is  proportionally  very  lajcge  la 
fishes,  and  even  where  the  thoracic  duct 
comes  single  from  tliis  reservoir,  it  gene- 
rally dMiea  into  two  trunks,  wkkdi  ^laas 
forwards,  commuiucating  by  numerous 
Aaaatomoaing  lateral  branches,  to  termi^ 
aate  in  the  bEanchea  of  the  anterior  eavsp. 
or  sometimes  in  the  interior  jugular  veins. 
Although  the  mesenteric  plands  are  not 
yet  developed  in  hsiies,  as  wai>  shown 
long  littoe  by  MoMmo  and  by  Hewsoiv 
there  are  already  numeroii?!  rudimentary 
glands  fanned  oo.  ihe  lynophatic  system 
by  coiumliited  ploBoaea  of  Inoae  vcaaala. 

Although  the  lacteal  and  the  lympha- 
tic vessels  pour  their  ccmtents  into  the 
same  trunks,  the  function  of  those  two 
systems  of  vessels  if  attogaHuv  flUbcent. 
The  lacteals  take  xi^  and  convey,  and 
BtiU  further  elaborate,  the  chyle  which  la 
to  tefHeaSA  ilbe  bkwd  and  Ae  whole  aya* 
tern ;  but  the  lymphatics  take  up  the  de- 
cqred  materiala  of  the  bodyj  aiul  oenvey 
tnem  w  xne  cveoHnug  luuu,  am*  tney 
may  be  more  quickly  thrown  from  the 
system  by  the  urinnr}'^.  perspiratory,  or 
other  excretions.  Tiie  lacteals  or  ciijlife- 
rous  vesaels  might  as  weD  be  considereA 
veins  as  hmiphaticK,  bccaTi«e  they  all  ter- 
minate in  veins.  Throughout  all  the  ver- 
UdiMto  ibere  ia  m  cstenalve  direct  cow* 
mnnication,  both  between  lacteals  and 
veins,  and  between  lym  phatics  and  veins  $ 
but  tbe  open  orilices  on  tiie  surfifice  of 
fiahea,  which  have  been  oaoaMand  as  the 
lyaiqihatioa,  aa^MOWjlrtMJ^jl^ 
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mere  cutaneous  glandular  follicles.  In  the 
eel*  and  foaw  other  osseous  flabesi  a  lac^ 

teal  branch  from  each  of  the  two  thoracic 
ducts  bas  been  observed  to  paae  on  to  the 
gUk,  along  ivfth  the  branchtel  erterjr,  and 

after  spreading  on  the  respiratory  organ, 
to  return  iU  neratod  fontonta,  with  the 
Other  lacteals,  iuto  the  jugular  vtiua. 

The  lacteal  and  Ijnuphatic  systems  of 
the  ami)hibia  have  recently  excited  much 
interest  from  the  discoveries  of  Panizza 
of  Favia,  aod  of  Mox.i.«r  of  Bonn,  of  cer- 
tain pulsating  sacs  met  w  hh  on  the  trunks 
of  this  system,  by  which  the  contained 
chyle  and  lymph  are  propelled  into  the 
venous  system.   The  lymphatics  are  very 
abundant  under  the  soft  skin  of  these  ani- 
mals, and  exterior  to  the  muscular  sys- 
tenit  and  the  Ijwph  can  easily  be  ob- 
tained from  these  numerous  large  subcu- 
taneous lymphatics,  which  presents  the 
mual  tiifai  colourless  appearance  of  the 
■contents  d  those  vessels.   It  is  known 
that  in  the  higher  animals  the  lacteals 
continue  to  take  up  chyle  long  after 
tiie  circulation  of  the  blood  has  ceased, 
and  it  is  found  that  the  lymphatic  pul- 
sating sacs   of  amphibia  continue  to 
contract  aftnr  the  heart  has  been  re- 
moved, and  the  animals  are  cut  to  piecea. 
Their  motions  have  no  relation  to  those  of 
the  sanguiferous  or  of  the  respiratory  sys- 
tems. In  the  ftogs,  in  the  salamanders,  | 
and  some  other  genera,  the  lymphatic  sys- 
tem is  developed  to  a  degree  tliat  at  pre- 
sent appears  anomalous.  The  lymphatic 
vessels  abound  over  the  surface  and  in 
the  interior  of  those  naked  and  thin- 
skinned  animals,  as  they  do  in  fishes,  ex- 
ceptii^  in  the  lowest  cartilaginaus  spe- 
cies, where  they  have  never  been  seen. 
Lately,  there  have  been  discovered  by 
Panizza,  of  Pavia,  pulsating  vessels  on  the 
lymphatics  of  amphibia,  reptiles,  Rnd  birds  ; 
and  also  Muller,  in  Germany,  has  disco- 
Tered  upon  the  lymphatic  system  of  the 
common  frog  two  pairs  of  these  pulsating 
sacs,  which  he  compares  to  hearts  upon 
this  vascular  system, — one  pair  m  the  re- 
gion of  the  anus,  beneath  the  skin,  upon 
each  side  of  the  free  cud  of  the  coccyx;  and 
another  pair  on  the  upper  part  of  the  trans- 
verse processes  of  the  third  cervical  ver- 
tebra, one  lymphatic  heart  upon  each  side. 
They  are  seen  pulsating   through  the 
skin.   They  appear  destined  to  receive 
the  fluids  contained  in  the  Ijrmphatic 
ve!*«t'l3,  and  to  propel  them  into  the  ve- 
nous system.  The  posterior  heaits  receive 
the  lymph  from  the  legs  and  posterior 
parts  of  the  trunk,  and  proj)cl  it  into  the 
ischiatic  veinS}  to  be  tiience  circulated 
both  throt^h  the  kidneys  and  through 
the  liver,  with  the  venous  blood  of  those 
p«rta»  «•  ihowa  by  Jaoobson.  The  ante- 


rior twoI}^phatic  hearts  receive  the  lymph 
from  the  anterior  parts  of  the  tronlc  and 

arms  and  nlimentary  canal,  and  convey  It 
into  the  neighbouring  jugular  veins.  The 
palsaHons  cnttiese  calii!arl}'mphaticsacs^ 
situate  under  the  posterior  edge  of  the 
scapulae,  and  at  the  end  of  the  transverse 
processes  of  the  third  cervical  vertebra,  in 
the  common  frog,  affect  the  branches  of 
the  jugidar  veins,  with  which  they  arc  in- 
timately connected,  and  which  were  for- 
merly imagined  to  be  pulsating  arteries, 
which  continued  to  manifest  rhctr  inde- 
pendent irritabUity  after  the  remo%'alof 
the  heart.   These  pulsating  lymphatic  or- 
gans kave  a  sacculated  externa}  app«u> 
ance,  and  a  cellular  internal  structure, 
they  are  provided  with  valves  at  the  en- 
trances of  the  Ij'mpliatie  vessels,  and  tlwf 
freely  comiminii  ate  with  each  other  on 
the  two  sides  of  the  body  by  means  of 
anastomosing  lymphatic  vesssls. 

Those  remarkable  pulsating  cavities 
have  been  s<*pn  in  frog:s,  in  toads,  in  sala- 
manders, and  in  lizards  and  serpents,  and 
even  in  birds,  ly  Pakizza.  The  lacteal 
vessels  of  those  amphibiotis  animals  con- 
tain a  colourless  lympid  fluid,  spread  nu- 
merous upon  the  eattended  mesentery  of 
their  lengthened  alimentary  canal,  accom- 
panyinf!:  the  trunks  of  the  bloodvessels. 
The)'  i-aniiiy  in  two  layers,  as  in  fishes,  upon 
the  parietcs  of  the  alimentary  canal,  ansa* 
torn ose,  and  form  plexuses,  but  no  conglo- 
bate glands,  upon  the  mesentery,  and  end 
in  two  prindpal  tnudcs  that  convey  Aelr 
contents  along  the  two  aidos  of  the  veite* 
bral  column. 

In  the  class  of  reptiles,  the  chyllfcrons 
vessels  manifest  a  more  elevated  stage  of 
development,  cliiefly  in  the  fonnation  of 
the  valves  on  the  principal  trunks  and 
branches.  It  is  indeed  on  this  dasa  of 
aniiii^Js  that  we  are  accustomed,  from  the 
facility  of  injecting  them,  to  experiment 
upon  the  strncture,  flie  distrfbo^en,  and 
the  forms  of  those  chylifcrous  vessels,  es- 
l)ecially  in  the  turtles  and  the  tortoisesr. 
They  are  observed  still  without  mesenteric 
glands  in  the  serpents,  in  tbe  saurian  vep^ 
tiles,  and  in  the  chclonia.   They  appear 
to  exist  in  the  simplest  form,  with  regard 
to  their  structure  and  tbdr  fiapM  con* 
I  tents,  in  the  oj)hidian  reptiles,  and  in  the 
lizards.    In  the  crocodilian  reptiles,  how- 
■  ever,  which  feed  upon  the  highest  forms 
of  animal  food,  widch  approach  so  near  tt^ 
the  mammalia  in  many  of  their  most  im- 
portant parts  and  characters,  it  has  long 
I  been  observed  that  tbe  chyle  has  a  mffley 
j  white  opaque  colour,  like  thnt  which  it 
!  presents  in  the  class  of  quadrupeds,  and 
I  that  it  no  longer  exhibits  that  transparent^ 
colourless,  and  limpid  condition,  which  It 
presents  iniAledorGlAStes*  Thovalretia 
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tbis  class  have  become  more  distinctly  de- 1  teriug  the  veins,  these  ducts  receive  the 
velopcd,  especially  in  Hie  ohelonls,  not  i  lymphatic  trunks  from  thelieed  and  arms. 
jMly  at  the  terminations  of  the  trunks  of  The  lacteal  vessels  of  the  chelonia,  com* 


the  lacteal  vessels  and  the  lynipbatics  in 
veins,  but  alio   thit)ughout  ncuiiy  tiie 
whole  oonree  of  the  trunks  and  bnuicdies 
of  those  vessels.  Those  valves,  however, 
are  still  so  imperfectly  developed  in  the 
reptfles,  as  to  auow  injections  ttirovm  into 
the  trunks  of  the  lacteals,  to  pass  through 
the  minute  branches,  against  the  direction 
of  the  valves.   It  is  on  this  account,  as 
as  from  the  numbers,  the  size,  and 
the  estansive  distribution  of  the  chylifc- 
rottt  vesselB  in  these  vegetable-eating  che- 
lonfan  i!«ptae%  tliat  the  anlmida  of  that 
order  have  been  chiefly  selected  by  anato- 
mista  for  making  preparations  of  the  lac- 
teal vessels  for  their  cabinets.  The  hr 
oQity  of  ii^jccting  them  with  mercury 
against  the  direction  of  the  valves,  allows 
the  preparations  to  be  injected  to  a  great 
degree  of  minuteness^  bat  from  this  very 
OTPCumstancc  they  are  more  difficult  to 
freserve  when  iiyected  and  dhed.  Those 
valves  eitending  invards,  continuous  with 
the  internal  layer  of  the  cbylifcrous  ves- 
sels, which  begins  to  he  iimre  distinct, 
assist  in  giving  (liicciion  to  the  motion  of 
the  diyle,  without  completely  preventing 
its  return  backwards  into  the  intestine,  if 
it  were  to  be  forced  in  that  direction.  It 
is  carried  finrarards  in  the  vessels  by  the 


mg  from  the  outer  and  inner  scries  of 
these  vessels,  spread  on  the  small  intes- 
tine, unite  together,  and  form  considei'able 
trunks,  wliich  pass  along  the  mesentery 
in  close  proximity  generally  to  the  branch- 
es of  the  mesent^c  bloodvessels.  When 
the  thoi  acic  duct  of  the  tortoise  is  inflated 
with  the  blowpipe,  it  distends  so  much 
as  to  surround  the  aorta  with  its  inflated 
anastomosing  trunks,  and  to  conceal  that 
vessel,  as  shown  in  these  splendid  plates 
of  BojANUs.  It  was  TiBUEMANN's  Opi- 
nion, that  an  the  lactesl  venett  from  tiie 
intestine  of  these  animals  pass  through 
the  spleen  on  their  way  to  the  wide  and 
distensible  thMacic  duct;  and  Mkckkl  in- 
deed considered  the  spleen  but  as  a  ljm«* 
phatic  p'and,  like  the  thymus  and  some 
others.  i'AM/./.A  him  observed  a  polo 
sating  small  vesicle,  or  heart,  on  the 
trunks  of  the  lymphatics,  coming  from  the 
posterior  portion  of  the  body  to  the  tho- 
racic duct  in  the  eeAider  fiamtctm  among 
the  serpents;  and  Muli.kr  has  shown  the 
same  pulsating  lymphatic  hearts  under 
the  bkiu  ou  each  side  of  the  root  of  the 
tail,  on  the  exterior  of  the  iliac  boneB»  ia 
the  common  green  lisard  among  the  sau- 
rian reptiles. 
The  inferiority  of  the  lacteal  or  chyllfis- 
w  a  tergo,  and  hy  the  motions  of  all  the  '  rous  system  of  birds  to  that  of  qu!ulruj)eds, 


viscera.  By  compressing  the  intestines 
wi^  the  hand,  on  opening  the  two  tho- 
nde  ducts,  which  we  generally  find  in 
the  voracious  feeding  season,  conveying 
much  chyle  into  the  venous  system  of 
these  animals,  we  can  press  forwards  a 
considerable  quantity  of  the  chyle  into 
the  trunks,  from  the  parietes  of  the  intes- 
tine from  the  mesenteiy,  and  from  the 
ducts.  The  great  length  of  the  small  in- 
testine, and  the  coarse  vef!;etable  nature 
of  the  food  of  the  chelonia,  give  occasion 
ior  the  numerous  large  lacteal  vessels 
which  we  find  spread  on  their  intestine 
and  mesentery*  The  place  of  distinct 
neseniericf^ands  is  still  supplied  here,  as 
in  the  inferior  classes  of  vcrtebrata,  hy 
numerous  complicated  net- works  of  lac- 
teal vessels,  forme<l  in  different  parts  of 
their  course;  and  here,  as  in  fishes,  we 
find,  ^ain,  two  ormorcducts  passinf*  for- 
wards from  a  smglc  wide  receptaculum. 
These  tfaoracle  or  lacteal  duds  form  nu- 
jncrons  free  anastomoses  with  each  other 
in  their  course  forwards  to  the  neck,  and 
they  accompany  the  left  Immch  of  the 
aoita  forwards,  from  the  wide  recepiacu- 
Inmehyli  to  the  anterior  part  of  the  trunk, 


is  seen  even  in  the  chyle,  which  is  still,  as 
in  the  inferior  tribes  of  vertebrata,  colour- 
less, tran^aien^  andUmpid.  The  lacteal 
vessels  arc  here  more  obvious,  however, 
and  are  spread  in  greater  numbers  in  the 
usual  two  layers  of  vessels  or  the  coats  of 
the  intestines,  the  inner  layer  between  the 
mucous  and  the  muscular  coats,  and  the 
outer  layer  between  Ihe  muscnlar  and  the 
peritoneal  coats.  These  vessels^  after  col- 
lectine:  r.nd  aiiastomo'^inc:,  form  ntnncrous 
plcvubci.  ou  the  iiiciscntery,  as  in  reptiles, 
the  substitutes  for  the  mesenteric  glands 
of  mannualia,  and  then  pass  on  from  this 
into  two  thoracic  ducts,  which  vou  thus 
observe  is  the  most  frequent  moae  of  db» 
tribution  of  the  cliylifcrous  system  in  the 
inferior  classes  of  vertebrata.  These  two 
ordinary  thoracic  ducts  form  a  structure 
which  is  met  wiA  In  man  but  nrcly,  and 
in  him  constitutes  aii  anomalous  structure, 
— this  duplicitv  of  the  thoracic  duct*  But 
cases  of  1lkisldiid,coffT«fpondittg  with  the 
ordinary  structure  in  inferior  classes  have 
been  occasionally  met  with  in  our  spe- 
cies. The  thoracic  duct  is  somethnes 
found  double  in  the  human  body,  one  npcm 
each  side,  a?u1  those  passing  foi-wardsepa- 


where  they  pour  theur  contentb  into  the  ratcly,  to  teruimatc  one  in  each  of  the  sub- 
jugular or  anbdavian  veins,  or  into  the  I  claviaA  veins, 
angle  bf  twcen  theie  vMieb.  iBefore  en- 1  The  coite  jof  the  hwieals  are  atill  nry 
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ftbk  and  distensilAe  in  birds,  and  their 
valvMy  whtcb  an>  in«r«  alnmdBat  on 

trunks  and  brancfies  than  in  reptiles,  are 
stilJ  so  incomplete  as  to  allow  injections 
to  pass  against  their  direction.  Although 
the  mesenteric  glands  are  not  yet  deve- 
loped on  thc'  lacteals,  it  vas  long  since 
shown  by  Uxwsom,  and  Tiedema.nn,  and 
FoBVANir,  and  LAimr,  istnit  there  are 
several  conglobate  ghnds  alrenrly  formerl 
on  the  large  lymphatics  of  the  neck  of 
Wrds,  and  FmtAsn  showed  that  those 
ten^  lAonnd  eTcrywhere  of  great  size 
over  t^e  extremities  and  tmnk  of 
these  animals,  and  that  they  have  every- 
where the  freest  communicalioa' 
the  veins,  by  opening  directly  into  them 
in  all  paits  of  the  body,  esped^y 
In  tfle  ugs  end  pelvie.  Famixxa  fiu 
observed  pulsating  mcTBi  lyoipbatic  «eu» 
or  heart?  in  birds,  as  well  a»  in  ser- 
pents niid  Hiuphibia,  but  not  in  the  che- 
fimia.  In  several  birds  VamtAHV  ob- 
served a  lacteal  trunk  to  pn?s  from  the  | 
intendne  on  to  the  renal  plexus  to  be  dis- 
tributed on  the  itidneyv.  Themerenry  he 
observed  sometimes  to  pass  directly  from 
ttie  lacteals  on  the  intestine  into  the  tho- 
jacic  duct,  without  paeti)iu|r  through  any 
find  of  glands  or  plexuses ;  otber  lacteals 
pass  on  to  the  renal  pleioiscs,  and  the 
lymphatics  of  the  lower  extremities  and 
]poiterior  part  of  Uf  e  traidE  are  chiefly  sent 
into  the  sacml  and  renal  veins,  or  to  the 
plexus  spread  on  the  kidneys.  The  mer- 
cnry  sometimes  passed  from  the  lympha^ 
tics  of  the  legs  into  the  nearest  venous 
branches,  and  thenre  into  tbr  renal  veins. 
The  thoracic  ducts  iu  birds  terminate 
with  the  lymphatics,  from  the  few  lym- 
phatic gland*',  sometimes  entirely  wanting, 
of  the  neck,  iu  the  angle  formed  by  the 
junction  of  Ifte  jugular  send  suBdavlan 
veins,— the  most  frequent  and  the  most 
convenient  place  near  the  heart  for  the 
termination  of  these  vessels  throughout 
the  vertebrate^  dassei. 

The  chyliferouB  system  of  mammalia, 
Ihongh  more  developed  than  that  of  all 
the  inferior  dttses,  is  sCUl  an  linperfect 
hydraulic  apparatus  compared  with  the 
sanguiferous.  The  chylifcrotis  and  the 
Ijonphatic  systems,  indeed,  are  luere  ap- 
pendices of  the"  venons,  performing  the 
functions  assigned  to  veins  in  the  inverte- 
brata,  and  serving  as  so  manv  inlets  for 
the  component  materials  or  the  Mood. 
They  are  two  remnants  of  the  white- 
blooded  sanguiferous  system  of  tlie  in%^er- 
tebrated  tribes,  still  on  the  march  to  a 
more  isolated  and  complete  development. 
No  pulsating  hearts  have  yet  boon  flofrtcd 
in  the  lymphatic  system  of  quadrupeds, 
nor  has  the  slightest  motion  been  per^ 
ieived  in  mj  pert  of  the^  ladeeie  or  of 


the  thoracic  doct.  From  analogy  we  ihoidd 
most  cOEpeet  sueh  molloBs  In  Ibe*  tBiftfK^ 

rions,  cong;lobate,  lymphatic,  and  lac  t<>al 
glands,  the  great  resen'oirs  of  these  sys- 
tems, and  where  they  most  frequently 
send  their  fhiiAi'lnio  the  veiBMr  S|«teBL 
The  lacteal  system  of  this  c!as«  presente  a 
superiorily  of  devekipo^t  iu  tlie  afanoet 
sanguhieotMh  omdMon  ef  tflier  cbf le^  lir  tfw 
roiiiplicated  and  clnhnmtc  strnctnre  and 
increased  number  of  the  vessels  and  their 
valves,  in  the  development  of  tlie  mese» 
teric  glands,  and  in  the  concentration  or 
unity  of  the  thoradc  duct.  Both:  the  huf" 
teal  and  the  lymphatic  systems  of  mamnia»» 
Ibi  are  more  isolated  feoui  liheswigiulfeswie 
than  in  the  inferior  classed;  the  points  of 
communication  between  these  systems  are 
mem  Uniited* 

hi  the  diffn^nt  orders  of  quadruped^ 
however,  the  chyliferons  spfstem  in  adl 
its  parts  manifests  considerate  variety 
to  in  degreo  of  development.  In  Hm 
lowest  tribes,  which  feed  on  vegetable 
substances,  the  chyle  is  less  eUdxiretcai^ 
less  flbrinons;  lees  highly'«iilnutliBed»  Dm 
milky  and  opaque,  contains  less  fat^ 
matter,  is  more  watery  in  its  appeturaaoe^ 
inoi-e  limpid  and  colourless,  and  oontnins 
less  globules,  Aaa*in  URise  higher  tribes 
which  feed  upon  more  nrtritious  animal 
food.  The  lacteal  vessels  are,  tfaonsfore^ 
more  ouviuus,  wnnvut  aimieiai  injesiion^ 
though  not  more  nTimcrons  or  larr^er  in 
the  higher  mammalia,  which  feed  upon 
animal  substances,  than  in  the  lower  diivi» 
sions  ^^  hich  feed  upon  vegetablei* 

The  lacteal  vessels  in  the  manrandSa 
present  a  complex  stnicture  at  their  cora- 
mencement,  tt  fbeip  orlfteee*  in  tlw  li^ 

testinal  canal.  They  appear  c:enemlly-tO 
terminate  in  the  mucous  coafcol  the  intes- 
tfaie  in  very  snntt  prcRuinent  papilhe^ 
which  are  seen  wit^  a  lenr  to  hove  a 
spongy  cellular  structure  like  erectil* 
tissue.  Upon  these  papilla;  of  cellular 
tissue  innumerable  extremely  minute  ca> 
pillar}'  bloodvessel*,  contain int^ red  blootl, 
are  observed  ^  and  over  the  surt'aee  of  those 
promineiit  papiDA,  ar  m  Me  iripiilea  etf 
most  mammalia,  are  seen  numerous  small 
pores;  those  pores  appear  to  he  the  orifices 
of  extremely  minute  capillary  absot  biug 
vessels,  leacnng^  into  the  lactcnds, — to  be, 
in  fact,  the  roots  of  the  laetea!  vessels. 
When  once  the  fluid  has  reached  the  ii»> 
terior  of  Che  ladMd  ▼enek)  sro  can  08«»> 
ccive  the  numerous  motions  to  w  hicli  they 
are  subject  fiom  the  surrounding  parts» 
without  being  irritable  themselves,  to  be 
able  to  force  on  that  fluid,  with  the 
sistancc  of  the  valves  and  the  ri>  n'  f^'r^^, 
and  by  the  constant  pmstidtic  motions  of 
Chf  fattestltoes.  The  mdmlioai  of  MM 
great  vessehi  ill  ifeecffnr  of 
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the  compressions  from  the  surrounding 
viscera,  the  direction  of  the  valves  •nd<d 
thftfioids  moving  in  the  lacteal  vessels, 
all  night  assist  in  belBiog  the  fluid  for- 
ward to  tiie  tmnkt  of  tfioee  vesseb  and 
the  thoracic  duct.  The  little  semilunar 
valves  here  are  80  perfectly  fleveloped,  that 
when  we  attempt  to  iluow  injections 
against  thorn  from  the  trunks  to  the 
branches,  the  thin  and  delicate  parietes  of 
those  lacteal  v^clawill  burst  raUier  than 
tiM  valvef  aQow  the  ilnid  to  past  con- 
trary to  their  directinn.     When  those  I  firm  in  their  te.vture,  and  of  a  reddish 


bi(X)d  into  the  duct.  It  ha»  be«n  cakn»* 
lated  that  six  oufteas  of  fluid  per  boor  ato 

conveyed  by  this  duct  into  the  venoia 
system  ia  the  dog.  The  use  of  the  cot^ 
globata  aescnteric  glands  through  wbicb 
the  lacteals  pass»  it  still  unknown,  bafe 

there  is  a  free  communication  between 
the  lacteals  and  tiie  veins  iu  those  glands; 
miections  thrown  into  the  lact^lt  viB 
pass  both  directly  forwards  into  the  tho- 
racic duct  and  into  the  vein^  in  these 
glaoda.    Theae  mesenteric  ^anit 


vessels  are  injected,  which  is  done  froiu 
tiieir  capillary  extremity  to  their  trunks, 
tiiey  always  exhibit  this  knotted  appear- 
ance.  This  is  dependent  upon  the  con- 
striction of  the  vessels  produced  by  tlie 
minute  valves,  or  the  smaJl  temilimar  con- 
tinnntio-ns  of  the  inner  cnat  vfhich  pro- 
duce! those  valves,  and  prevents  the 
tfatentton  of  ^  vessels  by  the  contained 
iq^eetion  at  those  plaoes  to  irldclL  the 
valves  are  attached. 

The  number  and  siza  of  the  mesenteric 
•l^ds  vary  remarkably,  as  alaodoes  tiitir 
mode  of  distilbutinn  hctwecn  the  folds  of 
the  mesentery  in  the  marosnalia.  We 
«ftait  tod  tiwm  ooOeeted  closely  together 
into  a  large  mass,  and  placed  longitu- 
dinally at  the  base  of  attachment  of  the 
mesentery,forming\vha£  was  denoiniaatc^ 
tlm  pmureoM  of  AaOSmt  ndiBa  at  otfier 
times,  as  in  the  quadriiraana  and  man,  anrl 


colour,  from  their  hif^h  flegree  of  vasrn- 
larity,  like  the  lyuipiiauc  glaiidb.  The 
l]nmpbatic  glands  lie  loose  in  the  cellular 
tissue  of  the  neck,  the  axilla?,  the  thighs, 
and  the  different  parts  of  the  trunk  where 
they  occitfv  like  many  otlwr  glaada  of 
more  obvious  use.  These  little  round 
glandular  bodies  on  tlic  lacteals  and  lym- 
phatics are  enclosed  each  in  its  own  en- 
vdopiag  flMii^rane,  but  infeeraally  tbey 
appear  to  consist  only  of  a  congeries  of 
these  vessels,  like  a  more  concentrated 
form  of  the  intricate  plexuses  which  su|>- 
ply  their  place  in  lower  animals.  The 
conmiunication  of  the  lacteals  with  tho 
veins  in  tbe  mesenteric  ^ands  ia  ao  free^ 
that  in  some  quadrupeds,  as  the  seal,  the 
whole  of  the  injection  thrown  into  the 
bcancfaes  of  tiie  iacteaU  has  been  seen  to 
paaainiollie  mesoiteric  glands,  and  thenoe 
into  the  myenteric  veins  and  the  vena 


distributed. 

We  see  the  same  increased  devehyment 
«f  glanda an  tlM  lympbaUe  Teasd^of  flds 

lligtiest  class  of  vertebratcd  anirnals,  and 
these  lymphatics  are  more  distinctly  di- 
vided into  a  superficial  and  deep-seated 
layer  on  the  muscular  parts  of  the  body 
than  in  the  inferior  classes.  Although 
there  is  commonly  hut  one  thocade  dnct 
conveymir  the  lymph  asd  cirjrle  to  tlta  \A 
aubclavian  or  the  left  jugular  vein,  or  to 
the  angle  formed  by  Uietr  union,  it  lias 
baaa  Mioant  by  DnvinmBir  Oat  vlien 
tliis  duct  is  tied  in  the  living  quadruped, 
the  coiirsp  of  the  fluids  b  continued  to  the 
subciav  iajA  by  the  enlargement  of  lateral 
Mastomosing  lymphatic  vessels,  vhich 
•■l^ly  tbe  place  nf  the  obliterated  tho- 
laCBC  duct.  The  place  of  the  roceptaculum 
cbyli  is  often  supplied  by  a  complicated 
plexus  of  lacteal  and  lymphatic  trunks  in 
the  Bitiiatinn  of  th?*  usual  enlfinjed  sac. 
At  the  cuLraucc  ul  Liie  thuracu:  duct  into 
the  subeiftviaa  vein,  there  ia  s  dittiDct 
inlv»  10  pmmb  the  fWwaBP  of 


the  animalt  which  moat  approach  them  1  portx,  whUe  no  lacteals  appeared  to  convey 
ia  ateyotaae,  tiiejr  m  aamB  deteebed  j  any  part  of  it  from  tlte  metenterie  glanda 

glands  removed  to  different  parts  of  the  ,  into  the  thoracic  duct.  Almost  the  whole 
jnesencery,  connecting  the  small  intestines  |  of  the  mesenteric  glands  belong  to  the  me- 
with  the  vertebral  column,  where  almost  j  scntery  of  the  small  intestine,  but  few  are 
alone  we  find  tiM  diyiifama  laaaaia  are  seen  oa  tte  mesocobm,  aad  they  are 

oftcner  separated  from  each  other  by  a 
^eater  ec  less  distance  tlian  coUet^ed 
mto  one  mats.  The  metetiterie  glanda 
arc  enormously  developed  in  the  ceta- 
ceous mammalia.  There  are  forty  of 
these  small  round  lenticular  glands  placed 
in  a  row  along  the  mesentery  in  the 
middle  part  of  tbe  small  intestine  in  tlie 
three-toed  sloth.  There  are  about  tho 
same  muaber  detached  from  each  other 
on  the  small  mesentery  of  the  solidungu- 
lotts  uachyderma,  and  about  ten  very  small 
l^nai  on  ^  meoooolon.  In  the  hog 
tribe,  they  are  more  approximated  into  a 
a;roTi[>  of  about  thirty  ;  but  in  tbe  rnniinat- 
nig  (quadrupeds  theru  aie  only  al>oiiL  sly- 
teen  smaller  meaenteiic  glands,  placed 
considerably  apart  from  each  other.  The 
mesenteric  glands  of  the  small  intestine  in 
the  mtfrmecophaga  tetrattiefykt  are  eollect* 
ed  together  into  a  pancreas  Ascllii,  and 
there  arc  twenty  snm!':  r  glands  more  than 
a  line  in  diameter,  phu  cd  at  a  distance 
from  each  other  along  the  mesocolon.  In 
thearmadilioaiidiB  thA  molflbwd  iatho 
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nasua  or  coati-mondi,  they  are  collected 
together  into  a  mass;  in  the  hyrax  they 
are  a  little  separate,  and  in  the  mauls  they 
are  at  a  distance  fvom  each  other ;  but  in 
the  rodeatta,  to  ioMor  in  tno«t  of  their 
chnrarters,  they  are  the  smallest  in  num- 
ber and  the  least  developed.  The  greater 
part  of  the  mesenteric  glands  are  often 
irand  collected  together  into  one  mass, 
while  a  few  others  are  seen  ht  hiiul  this 
pancreas  of  AselUus,  smalier  la  :kizc,  and 
detached  Ifom  each  other,  an  arrangement 
uphich  we  see  in  most  of  the  carnivorous 
quadrupeds,  as  the  seal,  the  otter,  the 
badger,  the  dog,  the  cat,  and  many  others, 
and  in  the  hedgehog  among  tlie  insecti- 
vorous mnmmalia.  They  form  two  masses 
in  the  bear,  the  one  belonging  to  the  nie- 
aentery  of  the  small  intestine,  and  the 
other  to  the  mesocolon  ;  hut  in  the  quad- 
rumanous  mammalia,  as  in  man,  they  are 
found  spread  more  equally,  and  at  a 
greater  distfince  from  each  other,  over  a 
gr  eat  extent  of  the  mesentery,  and  also^in 
part,  over  the  mesocolon.  These  last-de> 
veloped  and  least-known  portions  of  the ! 
chyliferons  system,  the  mesenteric  c1aivl««,  j 
we  still  find  in  the  human  body  largest 
and  most  crowded  together  in  the  dorsal 
or  vc  rp^ral  part  of  the  mesentery,  and 
most  minute  and  dispersed  over  the  ante- 
rior or  intestinal  portion.  There  are 
nearly  a  huiidx-ed  of  these  organs  on  the 
human  lacteals,  and  about  a  tbwrch  part  of 
theise  belong  to  the  colon;  but  the  changes 
they  eflfect  on  the  fliuds  which  are  inces- 
santly passing  through  them  during  life, 
and  even  for  some  time  after  death,  or  the 
vses  to  which  they  are  subservient  in  the 
economy,  are  still  unknown,  like  the  func- 
tions of  many  other  obvious  parts  of  our 
most  complicated  and  wonderful  fabric. 

Br  m  v.  — Professor  Klircnbcrg,  of  Berlin, 
hasiihown  that  the  proper  nen'ous  sub- 
stance of  the  brain  and  nerves  does  ac- 
tually consist  of  very  minTJtc-  fibres,  which 
he  informs  us  can  only  be  discovered  by 
the  aid  of  a  magnifying  })0wer  of  300  dia- 
meters, and  that  he  was  sometimes  obliged 
to  have  recoMrso  tn  a  power  of  800  fJin- 
jncters  to  bnng  them  into  view,  lie  txa- 
Xttined  thin  slices  of  the  recent  brain,  and 
states  that  the  fibrous  structure  was,  in 
general,  most  obvious  at  the  thin  roai^ins 
of  the  slices,  when  they  were  simply  laid 
on  the  object -glass  of  the  microscope,  and 
that  gentle  pressure  of  the  nervous  sub- 
stance between  two  thin  plates  of  glass, 
generally  rendered  the  fibres  more  appa- 
rent. The  professor's  well-merited  cha- 
racter for  accm-acy  and  skill  in  the  use  of 
the  microscope  makes  us  hope  (believe) 
that  they  will  be  found  to  he  CQCfeCtir— 
Sdift,  New  FhiL  /ottrmi^  April* 
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GsMTLnMBK, — ^According  to  the 
in  which  I  have  end^ivoured  to  arrange 
the  subjects  to  be  discussed,  I  find  that  s 
topic  of  some  difficulty  remains  to  be  con- 
sidered— I  mean  the  nervoos  system.  To 
tell  yon  the  truth,  I  have  been  asked  to 
dwell  on  this  important  sol^e^  but  I 
have  not  been  able  to  disoever  whether 
the  request  has  proceetled  from  a  desire 
that  I  really  should  do  so,  or  from  a  fed- 
lug  of  good-nature  tow&i-ds  myselfl  Which* 
ever  may  he  the  fiu^  I  now  begyWtf^ 
ticncc  while  I  finish  my  remarks  on  some 
points  which  I  left  rather  incompletely 
discussed. 

The  course  of  reflection  which  I  wsf 
endeavouring  to  promote  was  thi?;  T  was, 
lu  the  first  place,  desiious  of  pioviug  liiat 
we  arc  sensible  to  the  motions  of  the 
body  ;  that  the  common  volimtr.ry  rrtns- 
cles  act  upon  the  mind  as  so  many  orgaa< 
of  sense;  Out  whos  w«  exercise  me  hsnd 
in  feeling,  we  not  merely  exercise 
nerve  of  feeling,  but  we  also  have  a  con- 
sciousness of  the  exertion  of  power,  and 
bring  it  to  such  a  degree  of  eaoty  that 
we  extend  the  hand,  and  by  pressure  gnuf 
the  object  before  us, — tliat  the  mindformi 
a  jodgnient,  in  part  from  the  action  of  the 
muscks,  find  partly  from  the  sense  of 
nerve  of  touch  i  and  that  in  all  our  operas 
tions  attended  by  consciousness,  there  is 
the  operation  of  this  double  sense,  and 
that  without  it  the  mind  could  not  reflects 
— co*ild  make  no  compai  ison.  In  carry 
ingont  this  principle  with  legard  to  tbc 
eye,  we  found  that  tbcrc  wns  ccrfninly  aa 
impression  made  on  the  nerve  at  the  bot- 
tom of  the  eye,  upon  the  retfna.  Belthw 
does  not  appear  to  be  a  sufficient  rcoK^a 
for  snppoting  that  simple  leamtioa  insket 


Digitized  by  Google 


I 

THE  LANCET^ 


Vol.  II.]        LONDON,  SATURDAY,  SEPTEMBER  U,  1834. 


LECTURES 

OK 

COMPAHATIVE  ANATOMY 
AND 

ANIMAL  PHYSIOLOGY^ 
»B£iTBKBO  mr 
ROBERT  E.  GRANT,  M.D^  F.R.S.B., 

Fellow  of  the  Roy.  Coll.  of  PliyslelaM  of  Edin., 
.  and  Professor  of  Comparalivc  Anatomy  and  Ani- 
mal Physiology  iu  (he  University  of  London* 

LECTURE  XLVII. 

ON  TBB  8ANGUIPJBR0US  SYSTEM  IN  THE 
RADIATED  AMD  ARTICULATED  CLASSES. 

The  interior  of  living  animals  presents 
everywhere  a  busy  scene  of  movement 
and  activity.  Myriads  of  vital  currents 
meander  incessantly  through  every  the 
ininntest  part  of  the  solid  bones,  and 
through  tlie  almost  inert  and  vegetative 
ligaments.  The  nervons  Bjrttem  is  in  Goni> 
stant  activity,  conveying  to  its  centre,  or 
radiating  to  its  periphery,  the  mysterious 


beginning  and  its  end.  The  organs  of 
animal  life  feed  the  vegetative,  but  it  is 
only  through  the  A  cgetative  that  the  ani- 
mal oi^ua  enjoy  their  power  and  their 
existence.  We  have  seen  that  all  tbe  or- 
gans of  relation,  even  the  most  elevated, 
the  nerv  ous  system  itself,  and  all  the  com- 
plicated  organs  of  the  senses,  serve  but  to 
feed  tlie  stomach  ;  the  stomach  feeds  the 
lacteals,  the  lacteala  the  blond^'essels,  and 
the  bloodvessels  convey  nuuiment  and 
life  to  every  point  of  the  system,  and  to 
the  organs  of  relation  which  select  and 
procure  their  materials.  Indeed  these 
\'ortex*li1ce  movements  constitute  the  only 
manifestations  of  life  ;  an  'l  death  is  only 
that  condition  in  which  tiiey  are  incapa* 
ble  of  being  continued,  so  that  the  life  U 
in  the  blood  as  much  Es  in  the  brain  or 
the  heart. 

^e  bloodvessels  being  a  mere  extea« 
sion  of  the  atimentnry  canal  to  every 

part  of  the  body,  we  find  the  sanguiferous 
system,  under  various  forms,  nearly  as 
universal  In  the  animal  kingdom  as  the 
digestive  itself,  and  they  keep  pace  with 
each  other  in  the  march  of  their  develop- 
ment. Til  is  system,  like  most  others,  is 
developed  from  the  periphery  to  tiie  cen- 
tre, and,  like  the  ncr'/ous  system,  cotn- 
mcncing  with  globules  and  filaments,  this 


Influences  which  aflect  it,  and  the  organs  |  complex  hydraulic  apparatus  commences 

of  the  senses  enjoy  no  repose  from  the  •  with  moving  fluids  and  capillaiy  tubes. 


rrfi«olos«  motions  and  ini])ulse3  of  sur- 
rounding nature.  The  muscular  system 
Is  formed  solely  for  motion,  and  is  never 
at  rest.  The  intestines  and  their  hetero- 
geneous contents  are  moved  by  this  sys- 
tem incessantly,  like  the  waves  of  the  sea, 
and  every  gland  of  the  body  is  a  busy 
laboratory,  where  complicated  chemical 
processes  are  constantly  going  on  through- 
out life.  Half  of  the  animal  structure  is  a 
ti^-=tie  of  tubes  of  almost  invisible  minute- 
ness, iu  which  fluids  are  in  continual  mo- 
tion, some  leading  into  the  blood  fresh  snp- 
plies  r(  ( circd  from  without,  others  conven  - 
ing nutriment  to  every  point  of  the  system, 
and  others  removing  the  decayed  mate- 
rials from  the  body.  There  is  a  continuous 
oirrloof  renovation  and  decay  which  must 
contain  \sitlun  itself  the  principle  of  its 


which  develop  \  asculartrunksand at  length 
a  central  puisutiug  dorsal  vessel.  Tills 
lengthened  vessel  becomes  concentrated 
to  form  a  muscular  ventricle,  which  deve- 
lops an  auricle  by  its  division,  and  these 
two  primary  cavities,  by  each  again  suc- 
cessively dividing,  produce  first  the  trilo- 
cular  heart  of  the  amphibia  and  reptiles, 
and  then  the  quadrilocular  hcait  oi  the 
warm-blooded  vertebrate.  We  obaervo  a 
ret^ular  gradation  in  the  complexness  of 
this  system,  from  the  lowest  to  the  highest 
classes  iu  its  adult  or  permanent  Ibrms, 
and  those  forms  rsc  repeated  with  re- 
uiarkahle  exactness  and  regularity  in  the 
successive  conditions  through  which  this 
system  passes  during  its  development  in 
man  and  ia  all  ttie  liigher  vertebrated 
animalst 
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In  fhe  TBdiated  classes  of  animals,  as  in  t  first  very  obvious,  and  lie  saw  tliem  ca3> 

the  earliest  embrj'o-condition  of  the  hu- '  rictl  upwards  and  downwards^lirough  the 

trms 


rimn  >K>dy,  vessels  are  found  only  to  con 
turn  and  cii'culate  the  Huids,  without  an 
anricle  or  «  yenlricle;  and,  indeed,  in 
some  of  those  animals  the  fluids  appear  to 
meander  through  open  passages  in  the 
ceUtdar  tissue  of  the  body,  without  being 
confined  to  distinct  vessels,  iu  the  same 
manner  as  we  see  the  globules  moving  iu 
the  germinal  part  of  the  ovum  during  the 
first  efforts  at  development,  and  before 
vessels  are  formed  in  the  vertebriitc  ]  ani  ' 
luals.  In  the  larger  polygastric  auimal- 
cales,  end  probably  in  all,  we  can  perodve,' 

ty  using  highly  mnLniifyinp:  ])n\vcrs,  abeau- 
tifui  reticulate  appearance  of  uiiuute  trans- 
parent colourless  anastomosing  vessels 
mgrmd  over  the  surface  of  the  body.  This 
capillary  circulation  has  yet  no  centre  de- 
(veloped ;  no  dorsal  vessel  or  pulsating  ven- 
tricle yet  directs  or  Impels  the  currents ; 
and  the  minute  vessels  tlicmselves,  in 
wluch  the  transparent  fluids  circulate  over 
HbB  tavfoce  erf  the  animalcules,  appear  to 
be  as  motionless  as  the  cells  of  a  plant, 
while  their  contained  fluid  revoh-es  in  its 
smooth  and  constant  gyrations.  This  uiove- 
ment  of  fluids  in  the  reticulate  and  appa- 
rently inert  tubes  of  the  polygastric  ani- 
malcules, resembles  the  cunents  of  vital 
Ainds,  T^lete  with  i^bules,  pointed  ont  by 
ScHULTZ  in  the  vascular  plexuses  of  the 
•stipulai  and  other  parts  of  plants  ;  but  we 
do  not  obi»erve  in  the  circulating  s)'s- 
tcm  of  the  animalcules,  even  that  repulsive 
nucleus  of  the  currents,  like  a  rudiment- 
ary heart,  which  is  seen  in  the  cells  of 
many  plants. 

No  circulation  of  a  distinct  vital  fluid 
has  been  observed  in  the  soft  gelatinous 
substance  of  the  poriferous  animals,  but 
aU  pai'ts  of  their  interior  are  aerated  and 
nourished  by  the  ourront«  of  water  which 
•pass  incessantly  through  their  meander- 
ing, ramifying,  anastomosing  canals.  The 
circulation  of  the  blood,  bowcvei-,  in  a 
great  vaiiety  of  zoophytes  was  minutely 
tecribed  fifty  years  ago  by  Cavolini,  es- 
pecially in  sertuUtria,  plumulariee,  campa- 
nulari<f,  tuhularix,  and  other  soft  flexible 
Ixanspaient  genera,  and  numerous  suc- 
ceeding obeenrars  have  pdnted  ont  the 
same  phenomenon  in  other  zooph^'tes, 
as  ESPSR,  OUVI,  EURXNBERG,  CniAiE, 

Flbmiko.  Catolini  observed  in  a  lon- 
gitudinal cavity  of  the  fleshy  centre  of 
most  of  these  zoophyti  h  a  fluid  in  mo- 
tion, containing  distinct  globuies  like  those 
composing  the  flesh,  which  continued  dur- 
ing Ae  whole  life  of  the  animals  to  ascend 
and  descend  thi'ough  all  the  stems,  and 
the  branches,  and  the  polypi.  These  glo- 
bules, 1ie  o'»S(  ived,  were  contained  in  a 
thin,  transparent  colourless  fluid,  not  at 


fleshy  axis,  and  sometimes  trIRlsversely  in 
the  cavity.  He  compared  the  circulation 
of  zooph]rteft  to  that  of  the  larvae  of  insects, 
and  he  generally  terms  the  fleshy  central 
cavity  of  the  stem  of  all  these  zoophytes 
in  which  the  digested  fluids  are  seen  drcn* 
lating,  the  heart  of  those  animal?  The?a 
motions  of  a  circulating  fluid  containing 
numerous  globular  particles,  he  observed 
in  the  interior  of  the  fleshy  axis  in  all 
thn?e  tubular  keratophytes,  which  were 
sulhcicutly  transparent  to  idlow  their  in- 
terior to  be  perceived  through  the  micro- 
scope. Cavolini  describes  at  great 
length  the  nature  and  direction  of  the 
currents  which  he  observed  in  the  axis  of 
the  campanularia  dichotomaf  and  in  plunm* 
lari<Bt  and  different  species  of  sertularia. 
And  indeed  the  same  motions  in  the  fleshy 
axis  were  observed  by  LoBPruKG,  ancl  da- 
scribcd  by  Pallas  in  the  aertularia  ffertv- 
cvlaia,  before  the  time  of  Cavolini.  But 
Ojlivi,  who  more  than  forty  years  ago 
entered  into  a  detailed  examination  of  the 
circulation  of  zoophytes,  especially  of  tho 
irregular  longitudinal  vortex-like  currents 
seen  in  the  fleshy  axis  of  sertnlari^,  con» 
ceived  them  to  depend  on  the  food  and 
water  swallowed  by  the  polypi,  which 
were  subjected  thuato  a  peristunc  moCioa 
to  assist  in  their  digestion,  Dellb 
Chtaje  considers  the  ciliated  tentacula 
of  zoopli^  tes  as  respiratory  oi-gans,  and 
that  Ibe  circulating  fluid  of  the  axis  ia 
sent  up  to  those  organs  to  be  aerated.  Dr. 
Fleming  observed  a  similar  circulation  of 
globules  in  the  ceHnhr  substsoBce  of  Ae 

stem  of  the  campanularia  gelatinosa ;  and 
similar  vortex-like  motions  which  1  have 
described  in  the  polypi  of fiustr<By  virgula* 
riee,  pennaiulee,  and  other  zoophytes,  1  have 
been  inclined  to  refer  to  the  action  of 
minute  vibratile  cilia — the  common  ageuts 
of  all  analogous  movements  in  Ae  loweit 

tribes  of  animals,  ancl  which  have  oft€tt 
been  seen  in  the  interior  of  the  intestine, 
and  on  its  exterior  in  higher  animals. 
Sanguiferous  vessels  have  been  observed 
by  Delle  Chiajk  extending  from  the 
base  of  the  pol\^i  in  the  coral  and  gorgo^ 
!,  and  mning  a  snperfldal  leticalste 


plexus  in  the  caHopImlin.  Noromanx 
has  described  the  circulation  of  the  blood 
in  the  aleytmdla  diaphana,  whkh  he  cona* 
pares  to  tiiat  of  the  chara. 

In  many  of  the  ocalephat  ramified  cnnals 
are  seen  extending  mnn  the  stoinacti 
through  the  cellular  substance  of  iSbm 
mantle  by  which  the  digested  pnrt  of  the 
food  is  conveyed  to  distant  parts  of  the 
body,  but  an  isolated  sangoSlmui  syatesn 
has  not  beenol^erved  in  the  softtMinsparent 
body  of  diote  animals.  WatwistdiBitiad 
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in  large  qiiaiitit}%  and  by  various  means 
into  the  intei  ior  of  the  body  in  most  of  the 
.  marine  invertebrata  to  aerate  niore^extCli- 
sively  their  contained  fluids.  Diflerent  pas- 
sages for  the  traoamission  of  this  element 

>  an  Men  in  the  acalepha,  and  in  fhe  itroe 
pileun  it  moves  like  a  circulating  blood 
through  wide  longitudinal  lateral  tubes, 
the  parietes  of  which  appear  through  the 

.  trans  par  onfc  tides  of  the  animal  to  remain 
perfectly  motionless,  while  the  fluid  cir- 

.  dilates  in  their  interior,  like  the  sap  in  a 
Tegetable  ceD. 

In  the  class  echmoderma,  wc  olisorvc  a 
distinct  mesentery  developed  in  the  as- 
terias,  in  the  holothuria,  in  the  echinus, 

.'In  the  spatangus,  and  many  Others  of  those 
radiated  animals  ;  and  we  perceive  a  (H« 
tioct  vascular  system,  consisting  chietly 
of  niittitte  capillaries  ramified  upon  the 
membrane  which  connects  the  intestine 
throughout  its  whole  course  with  the  ex* 

.  terior  parietes  of  the  animal's  body.  Tbin 

.  fresenlB  ns  tvith  an  exassple  of  a  sangui- 

.  fsroufl  system,  consisting  merely  of  vessels, 

-vithout  either  an  auricle  or  ventricle. 

.  This  dfcidating  system  is  obvions  in  the 
iuieriasy  where  we  observe  it  in  the  ra- 
diatinc:  divisions  of  the  body,  originating 
hy  numerous  small  capiUaries  near  to  that 
upper  part  of  the  body  to  which  the 
ca;ca  extending  from  the  stomach  are 

.  connected,  and  directing  their  course,  en- 

rlarging  by  the  anastomoting  of  those  ca* 
pillaries,  into  larger  and  larger  trunks,  and 
proceeding  towards  the  centre  or  disk  of 

.  the  body.  They  appear  to  fom  a  dr- 
calar  trunk,  which  surrounds  the  stomach, 
and  in  the  course  of  these  numerous  blood- 

.  vessels  no  general  pulsating  muscular  re- 
■BTFoir  or  heut  appears  to  exist,  although 
one  of  the  vessels  has  received  that  name. 
Thus  it  still  appears,  that  iu  the  simple 
conditions  of  the  vascidar  system  met  with 

i  in  the  radiated  animals,  it  consists  merely 
of  bloodvessels,  without  either  aurich- 
or  ventricle  being  developed  or  requn  t-d. 
Some  of  these  ▼Made  of  the  asteriaa  are 
seiii  to  spread  on  the  viscera — on  the 
stomach,  the  ca:cal  appendices,  and  the 
iyvary,  and  their  contained  fluid  is  aerated 
by  the  water  taken  into  the  i;eneral  cavity 
of  th  '  hndy.  A  great  intestinal  artery 
pat)SC9  hum  the  circular  trunk  around  the 
stomach,  into  each  division  of  the  body, 
and  divides  into  two  brr.nrht's,  to  be  dia- 
tributed  on  the  two  ramiiicd  asxa  in  each. 

*  Xhere  are  five  tmnks  distributed  on  the 
vefcicular  feet  of  the  five  rays,  and  five 
other  trunks  continue  along  the  whole 
rays  to  be  rami&ed  on  the  segments  and 
tnperficial  parts  of  the  body.  In  some 
species  of  asterin*?  there  is  a  rordifonn  en- 

.  iargement,  considered  as  a  rudimentary 
wtridcb  which  it  waating  m  other  spe- 


j  cie?.  In  the  echinus  there  is  also  a 
j  circular  vessel  around  the  mouth,  which 
I  sends  out  branches  to  the  alimentary 
!  canal,  and  five  branches  to  form  a  vascu- 
j  lar  ring  around  the  anal  aperture.  A. 
I  large  vein  passing  forwards  along  the 
j  inner  part  of  the  mesentery  enters  this 
arterial  ring  around  the  mouth,  and  the 
arteries  for  the  tubular  feet  come  oft  from 
this  oral  ring,  as  in  the  aatvimt.  In  the 
long  vermiform  ^o?f;('/^mri<Pthe  sanguiferous 
system  still  consists  merely  of  arteries  and 
veins  which  have  their  trimks  chiefly  dis* 
tributed  on  the  It  nqthenct!  and  convo- 
luted intestine,  and  ou  the  rauiiAcd  respi- 
ratory apparatus  opening  into  the  cloaca, 
as  you  observe  beautifully  represented  sa 
these  large  folio  plates  of  Tibdem  a  vx. 
You  perceive  a  large  arterial  trunk  run- 
ning along  Ae  exterior  margin  of  the  in* 
testine,  ramifying  on  that  organ,  dimi- 
nishing to  a  small  vessel  at  both  ends,  and 
sending  a  small  arterial  ring  around  the 
oesophagus.  The  blood  thus  distributed  on 
the  alimentary  raual,  is  collected  on  the 
inner  part  ut  tiic  convolutions  by  innu- 
merable capillary  veins,  which  have  pro- 
bably received  the  chyle  in  their  course 
over  the  intestine.  These  anastomosmg 
intesdnal  veins  form  large  venous  trunks, 
which  are  chiefly  distributed  on  the  two 
great  and  complicated  respiratory  organs 
placed  between  the  turns  oi  the  rntes* 
tinal  canal.  The  dronlar,  CBSOphageai 
artery  armmd  the  anterior  extremity  of 
the  intestine  gives  off  five  bmnchef, 
which  pass  fonwurds  to  supply  the  a|)pa- 
ratus  of  the  mouth,  and  the  general  in- 
teguments of  the  body.  These  five  longpi- 
tudinai  arteries  extending  backwards 
paiallel  to  tlie  moscular  bands,  and  be* 
tween  the  mt: juries  and  the  skin,  supply 
also  the  tubular  feet  of  these  animals.  In 
the  s^actt/us,  however,  the  sangniferoos 
system  ai)|>roacheB,  like  the  general  form 
and  structure  of  the  body,  more  nearly  to 
the  regular  and  symmetrical  character 
presented  by  the  lielminthoid  articulated 
classes.  There  is  a  median  longitudinal  ar- 
terial vessel  in  this  anima],-giviug  off  nu- 
meroushiietml  hrattche8,aiui  wfalim  appears 
to  be  enlarged  at  both  extremities,  forming 
whr.t  have  been  considered  as  a  rudimen- 
tary amide  and  ventricle*  But  althoug^- 
DbIiUChiajb  has  given  these  names  to 
parts  of  the  sanguiferous  s}'stem  of  this 
animal,  and  Cuvisa  has  given  the  same 
names  to  parts  of  the  vascular  system  ef 
the  aunelidcs,  we  must  rise  much  higher 
in  the  scale  before  we  find  these  two  firsit 
cavities  of  the  heart  distinctly  developed 
The  long  cylindrical  form  of  the  trunk 
in  the  articulated  classe-  of  animals  we 
have  seen  to  impress  that  tonn  ou  mostoi 
the  iiita^  cargans,  and  we  And  it  ftpf* 
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daily  marked  in  the  longitudinal  direction 
"■and  lengthened  form  of  the  great  centres 
•of  the  vascular  system .    Tlie  blood  of  the 
'  entomcnd  danet,  wbich  is  often  of  a  deep- 
red  colour,  19  seen  to  be  extensively  diatri- 
'•but«d  by  lai-ge  trunks  through  the  body, 
imd  it  ifl  chiefly  in  the  form  of  fhe  great 
muscular  pulsating  centre  that  ve  per- 
ceive t!ic  hi£;her  development  of  this  sys- 
tem 01  the  eutomoid  classes. 

In  many  of  the  intestinal  worms  we  ob- 
^erve  on  each  of  the  two  sides  of  the  ])ody 
«  longitudinal  filament,  situate  between 
the  bttidt  of  the  timer  mutcttlar  coat,  as 
in  the  ascaris,  the  echinorhynchus,  and 
many  others  of  the  same  long  cylindrical 
form.  Those  appear  to  be  two  blood- 
vessels in  which  there  is  contained  a 
colourless  or  reddish  fluid  that  is  received 
from  the  appendices  of  the  intestine,  and 
is  probably  distributed  partially  through 
the  body  by  minute  capillaries.  The  dor- 
sal filament  is  probably  an  artery.  Now  the 
•circulation  has  been  eatefUIIy  traced  in  a 
'  great  variety  of  enftoioa,  especially  by  the 
ikboriouj'  nnd  skilful  naturalists  of  Ger- 
many, and  there  is  considerable  difference 
in  tbe  mode  of  distribution  of  the  vessels, 
according  to  the  crencral  foinm  and  the 
extent  of  developmeut  of  the  animals. 
IXstinct  arteries  and  veins  are  seen  ex- 
tensively ramified  thi'ough  the  body,  and 
po<i«e<'3!!ic^  distinct  Tnembranous  jjarietes, 
but  ttie  uiuiioiis  oi  the  thin  colourless  blood 
are  not  always  perceptible  in  these  vessels, 
and  where  the  blood  is  seen  in  motion 
through  the  vessels,  as  iu  the  diplozoout  the 
nupidogaster,  and  thedSi^fat/of»tti(i,nomotton 
is  seen  in  the  vessels  themselves  to  impel 
the  blood.  In  some,  as  the  caryophyllatm, 
vessels  are  seen  extending  as  usual  through 
the  body,  but  no  fluid  can  be  detected,  in 
the  living  state,  by  the  aid  of  highly  mns^rni- 
fying  powers  passing  through  these  vessels, 
proMly  from  tbe  want  of  globules  to 
render  t!ic  currents  perceptible.  In  some 
of  the  higher  entoraoid  forms  of  this  class, 
as  the  achtheresy  a  distinct  pulsating  length- 
ened cavity  is  seen  in  the  middle  of  the 
cephalothorax,  which  sends  vessels  laterally 
to  the  arms  and  posteriorly  to  tbe  viscera, 
thus  approaching  to  tbe  form  of  the  san- 
guiferous system  of  the  Crustacea  ;  but  tbe 
blood  in  these  vessels,  when  examined  in 
the  Uving  state,  appears  to  pass  backwards 
and  forwards,  to  and  fro,  in  the  same 
passages,  as  if  they  performed  tbe  functions 
both  of  aiteries  and  veins.  £HR£N££ttG 
observed  a  distinct  motion  of  the  blood 
tliroi:c:b  the  vessels  of  the  dktomum 
militare. 

From  the  great  transparency  and  oo- 

lourless  texture  of  the  lotiferous  animals, 
-extrernely  minute  parts  can  hQ  detected  in 
theu  interior.  That  peculiar:  ^  xbratory  sur- 


face produced  by  the  action  of  rninute  cilia 
which  we  sometimes  see  on  the  exterior 
surface  and  in  the  interior  of  the  alimentary 
caiud  in  aquatic  animals  under  the  micro* 
scope,  and  which  appear?  to  have  been 
mistaken  by  Co&ti  and  G&uiTHUVSENfcff 
a  circuktion  of  blood,  it  seen  on  the  in* 
testine,  and  also  ir  irs  interior  in  some 
of  the  wheel-animalcules.  EHREKBsna 
has  observed  these  cilia  vibrating  on  tbe 
exterior  surface  of  the  intestine  in  the 
wide  abdominal  cavity  of  the  hydatina 
aenta.  There  is,  however,  a  distinct  san^ 
guiferaos  system  In  these  animals,  which 
is  formed  upon  the  plan  of  that  of  the 
articulated  classes.  In  the  hydatina  senta 
there  is  a  longitudinal  dorsal  straight 
vessel,  which  extends  nearly  along  the 
whole  body,  and  gives  off  nine  lateral 
pairs  of  branches  to  be  distributed  on  the 
nine  partially  marlced  segments  of  the 
body,  but  no  motion  has  been  detected  in 
those  vessels  nor  in  the  fluid  within  them. 
The  sanguiferous  system  of  tbe  cInrlMSiiodB 
seema  also  to  be  constructed  upon  the  plan 
of  that  of  the  articulated  animals,  with  a 
dorsal  pulsating  vessel,  discovered  by  Poli, 
which  reosives  the  blood  from  the  bran* 
chias,  as  you  observ  e  represented  in  these 
plates  of  Cn viEB,  and  distributesit  through, 
the  system. 

The  sanguiferous  system  of  the  annelida 
presents  still  a  very  simple  condition  with 
regard  to  its  great  central  parts,  but  with, 
regard  to  the  colour  of  the  fluid  ooKtents 
of  those  vessels,  this  is  one  of  the  most 
anomalous  classes  of  the  invertebrata. 
They  contain  not  that  transparent  bl«Hdi« 
white  or  almost  colourless  fluid  which  we 
observe  in  most  of  the  other  invertebrata, 
but,  on  the  contrary,  they  convey  through 
their  arteries  and  veins  a  red-coloured 
thin  fluid  with  a  considerable  degree  of 
transparency.  It  is  not  the  thick  opaque 
fluid  whidi  abomute  so  much  in  flbrine  aai 
globules  which  we  find  circulating  in  the 
vessels  of  the  vertebrated  classes.  We 
can  scarcely  perceive  the  fihrme  in  doiose 
red-blooded  worms.  Tbe  globidea  ctf  tiMir 
blood  are  still  few. 

We  generally  observe  in  the  class  of 
red-blooded  worms  two  inferior  lateral 
vessels  which  direct  their  conrsc  hack- 
wards,  lying  towards  the  abdonuoal  suT'* 
fiuse  of  tiie  body.  These  inferior  lateral 
vessels  are  two  venous  trunks  that  re- 
ceive the  hlood  from  all  parts  of  tbe  bofly 
as  they  pass  along  towards  the  poatertor 
part.  Tboae  venous  trunks  generally  ter« 
minnte,  yon  obsers'e  in  the  larpe  dia- 
gram of  the  circulation  in  the  erpoMeiia 
vulgaris  {Fig.  ](»8,  C);b^ore  you,  at  tte 
posterior  part  of  a  great  loogituchnal  veaeeL 
That  longitudinal  vessel  (Fif/.  168,  a  6)  is 
gcucially  dorsal^  and  presaus  di8tixu:t  pui- 
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fiations,  wbich  are  easily  seen  through  the 
traaspuent  body  of  BMny  <^  llie^ 

worms,  such  as  this  pectinaria,  and  pre- 
sents a  beautiful  spectacle  of  the  deep-red 
currents  meandering  tVi rough  the  soft, 
transparent,  and  colourless  texture  of  the 
hoAy.  We  observe  the  dorsal  vessel  of 
ibi  living  ptetmaria,  which  is  very  com- 
mon on  our  sandy  coasts,  MUnif  with 
red  blood,  poured  into  it  from  inferior 
vessels  behind,  and  by  its  jieristaltir  con- 
tractile motion  foicing  that  led-coluuied 
fluid  Ibrwaida^  and  distribnting  it  through 
the  S5*stem.  The  two  returning  lateral 
veins  {Fi(f.  16S,  c  c>  are  seen  in  this  er- 


i 


ptbdellOf  conv^ping  tiie  blood  back- 
wards. There  are  considerable  modi- 
fications introduced  into  this  general 
plan  of  the  Taacnlar  system  of  ute  red- 
blooded  animals,  in  consequence  of  the 
development  of  their  respiratory  organs, 
and  in  consequence  of  the  fonns  and 
poriticHW  bains  Twious  which  tboae  Ye« 
miratory  organs  present,  they  being  some- 
tunes  situate  on  the  head,  sometimes 
along  the  back,  and  aometfamee  they  are 
in  the  form  of  internal  cavities  opening 
by  pores  from  the  sides  of  the  body.  This 
diagram  {S%g.  168,  B)  of  the  drcolation 
4xt  the  eipcMdla  represents  the  roost  fre- 
quent course  of  the  bloo<l  through  the 
body,  not  only  of  the  annelides,  but  of  all 
the  other  articulated  clasaes.  Ton  ob* 

serve-  the  (lorsnl  art(»rial  trunk  passin;^  np 
the  middle,  and  the  two  abdominal  veins , 
letnmfaig  baclcirarda  along  the  lateral 
parts  of  the  body.  Dugbb  observed  in  the 
proftonm,  ho]or\^\n^  to  the  phnantp,  the  | 
same  diiectiua  ot  the  blooii  forwards  m 
the  middle  longitudinal  artery,  and  back- 
wards  in  the  two  lateral  vcinR,  as  von  sec 
represented  in  these  figures  of  his  second 
memoir  on  the  jrf>naH<^  and  bapcrorivod 
•Im  two  little  TCiictilar  enlaigemeiiti  npon  | 


these  veins,  analogous  to  the  more  nnme» 
MMtt  veaides  or  sfnoaea  wliich  are  seen  oil. 
the  vessels  of  the  earth-worm,  and  many^ 
other  annelides.  He  has  also  observed, 
these  vesicles  on  the  vessels  of  several 
species  of  planarkt,  and  they  are  seen 
on  those  of  the  nais.  From  the  free 
communication  which  he  found  between 
these  hiteral  vessels  and  the  ovaries  of 
several  ])lanariir,  he  conceives  that  in 
these  animals  the  sanguiferous  vessels, 
may  perform  the  function  also  of  oviducts^ 
but  his  obscrvatiima  on  the  systole  and 
diastole  of  these  vessels  are  at  variance 
with  those  of  £HaENBB&G,  or  the  vessels 
of  the  pUmaria  iaefem.  In  Hie  phmmia 
vlyanensin  there  arc  Iwo  vesicular  enlarge- 
ments on  the  anterior  portion  of  each  of 
the  lateral  vessels,  and,  p<Mteriorly,  these 
vesaela  send  eadi  a  laige  trunk  to  the 
ovary  and  cloaca,  as  represented  in  the 
figures  of  Duces.  Inthenais,  Gruithuy- 
san  ofaeerved  the  blood  oonvqredforwarda. 
in  the  usual  middle  dorsal  artery,  uhich , 
at  the  anterior  part  of  the  body  forms  an 
ardi  round  llie  neck,  descending  on  each . 
side  of  the  oesophagus  to  form  the  inferior 
sinp-le  median  vein  which  conveys  the. 
blood  bacicwards.  This  anterior  de» 
scending  vascular  ring  of  the  nais  exbi* 
bits  the  same  strong  motions  of  syitole 
and  diastole,  which  you  see  in  the  eov^v 
responding  dilated  and  saoculated  ringn 
{Fig,  168,  At  d  e)  passing  down  from  the 
anterior  part  of  the  great  dorsal  vessel  of 
the  earth-worm  [fig.  l(iy,  ij,  as  here 
carefully  delineated  in  the  plates  of  Mob- 
re  n.  The  number  of  sacs  npon  theiO; 
anterior  arches  of  the  earth-worm  ii  not 
always  the  same  as  represented  in  thean 
plates  of  MoRREN,  where  you  observe  the 
abdominal  vein  [Fig.  168,  a  c)  also  saccu- 
lated ;  they  vary  both  in  number  and  ionu 
in  the  same  spedea  and  in  the  different 
arches  nf  the  same  animal.  I  have  some- 
times found  six  of  these  sacs  on  one  side 
of  a  sini^e  arch.  They  are  like  the 

brnnchial  arches  of  the  aorta  of  vrrtc- 
brata.  By  keeping  the  earth-worm  for  a 
short  time  ftom  food,  and  until  it  dis* 
charges  the  black  earth  which  Uiiiaily 
fills  its  intestinal  canal,  you  can  thus 
easily  perceive  the  waves  of  red  blood 
passing  forwards  in  the  dorsal  vessel,  andr 
propdlcrf  forcibly  downwards  to  the  ab- 
dominal suriiace  by  these  five  sacculated 
lateral  arches  {tig.  168),  which  Mo»^ 
REN  has  considered  as  so  many  auricles 
and  ventricles  of  these  worms.  This,  how* 
ever,  is  like  the  analogy  of  Baron  Cuvibs, 
who  considerBd  i3b%  doftal  vessel  of  the 
annelides  as  a  ventricle,  and  the  two  long 
abdominal  or  lateral  veins  as  two  ami- 
dMb  vaA.  thereby  miked  thead  vwioi 
above  all  the  other  artlcdited  clafsei^ 
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above  the  insects  and  crustaron,  which  '  alone;  the  whole  trunk  eftbol>od)-.  Tn  tlie 
teads  to  obscure  the  order  aud  harmony  scelopendra  this  dorsal  vessel  begins  from 
of  lli^  4leTelopment»  and  ta  oonoeal  th«ir  I  thelastor  caadal  wegmaOt  and  iifuwitimiwl 
natural  affinities.    Some  have  imagined  forwards  to  the  segment  behind  the  head, 
that  the  blood  in  the  dorsal  vessel  of  the  where  it  becomes  smaller,  and  is  conti*  ' 
earth-worm  moves  backwards,  which  is  a  nued  in  the  same  median  line  to  nsar  the 
mistake,  ariaiiig^  I  think,  from  the  manner  mouthy  nvfave  It  becomes  imperceptilile. 
in  which  the  vessel  sinks  beneath  the  he-  '  At  the  commencement  of  this  narrow  nn-  ' 
patic follicles  daring  its  contraction.   The  terior  portion  or  aorta,  two  lateral  tt  unks 
puimomny  aiteriea  of  the  earth-wnm  ap-  <  are  fl;iven  off,  aa  we  leealso  given  off  fttno 
pear  to  arise  from  the  '^ides  of  the  inferior  the  more  cOBCJeBltrated  heart  of  the  higher 
median  vessel,  which  is  generally  in  dose ,  Crustacea.    A  second  pair  of  vends  is 
connexion  with  the  ganglionic  ooliuiifit^a  teen  to  origiaaca  from  ue  arterial  tnnk 
tile  annelides,  and  they  give  off  minute  in  the  head,  and  a  third  pair  is  gi^-en  off 
branches  in  their  conrse  upwards  and  late-  near  to  the  mouth,  which  supplies  the 
rally  to  the  air-sacs.  These  minute  branch- :  neighbom  mg  organs.   This  long  dorsal 
es  from  fhe  rnden  ef  the  great  pidmooary !  vesael  is  retained  in  its  situation  by  the 
trunks  of  carh  scnprient,  are  repi'csfntcd  same  muscular  lateral  bands,  which 
by  Dbllb  Chiaje  as  teriuiaating  in  mi-  see  suspending  this  organ  in  the  other  en- 
Ante  Teslealar  enlargements,  wUeh  are  |  tomoid  classes.  This  condition  of  fhe  vas« 
common  on  the  vascular  system  of  the  cular  system  of  the  myriapods  is  aualo- 
annelides,  as  they  are  on  the  respiratory  !^oii9  also  to  that  which  we  find  in  the 
vessels  of  insects.    You  observe  many  ol  iai  va  state  of  the  higher  insects,  when  the 
these  round  vesides  represented  on  the  dorsal  vessel  is  in  its  simplest  and  iMt 
bloodvessels  of  the  commmi  It  cch,  in  the  concentrated  form,  with  its  valwlsrsiipi- 
coloured  plates  of  Delle  Cuiaj£  and  rattis  I^c  least  developed. 
HvLtaa,  and  they  were  observed  by  Mir&- 1    In  the  class  of  insects  the  vascular  m- 
LER   to  receive  and  discharge  the  red  tem  has  long  been  a  subject  of  much  and  i 
blood.  Mur.LKR  found  the  blood  to  ascend  of  interesting  inquiry,  both  on  account  of  i 
by  one  lateral  trunk,  and  to  descend  by  the  the  changes  it  presents  during  the  growdi 
trunk  of  the  opposite  side-in  the  common !  and  metamorphoses  of  the  insects,  and 
leech.   We  generally  perceive  on   the  nho  on  nr-count  of  the  various  forms  and 
small    median   longituidinal   abdominal  cuuduioos  of  development  which  that 
tnmlc  which  acoompaniea  and  isdosdylvascDlar  system  presents  in  the  diffeiciit 
coKuented  with  tliv  nervous  columns  of  orders  of  insects.    It  was  at  one  period 
the  annelides,  numerous  small  vesicular  believed  that  the  dorsal  vessel  of  insects  : 
enlargements  in  its  course,  which  oorre-  was  a  sac  shut  at  both  extremities,  andsf 
spond  with  the  posifeiDn  and  number  of  the  a  glandular  nature»  and  that  it  was  destined 
attached  nervous  ganglia,  as  yon  see  in  by  its  peristaltic  action  upon-  a  continued 
these  plates  of  Mullba  of  the  nngpiife*  i  honey-like  substance  to  form  the  fatty 
nms  system  of  tiie  leech.  So  fhat  die  suhstSBce  of  the  bodies  of  insects.  Itiw 
sanguiferous  system  of  these  red -blooded  imagined  that  thn  ciiculntin^  system  wil 
worms  is  somewhat  in  the  condition  of  the  less  necessary  in  insects  on  acoonat  of 
developmrat  whiiA  we  find  In  the  lym-  thee3ctsn8ivB4iimlHitton-oftheve8|iiitto<T 
phatic  system  of  the  vertebrata,  with  its  organs  throughout  all  points  of  the  body, 
numerous  polsatittg  heart-like  cellttlar TO-  By  examininir  insects,  however,  nevty 
sides.  escaped  from  their  larva  covering,  and  by 

The  nniibniiity'of  the-plan  of  the  san-  examining  them  with  great  care  in  tbe 
gnifcrous  system  is  more  obvious  and  larva '^tatc — those  which  have  the  surfece 
more  constant  in  the  cntoiuoid  classes  of  the  body  suifioientiy  tran^arent  and  of 
than  It  appears,  fipein  our  present  know- '  a  rise  so  small  as  to  be  conTsnieotly  sub- 
ledge,  to  he  in  the  helminthoid  forms  of  jected  to  high  magnifying  powers, —  it 
arHculata.  It  nppears  to  be  in  the  higher  was  seen  b)'  many  accurate  observers,  a* 
forms  of  these  entomoid  classes  that  we  Li£uwknhoek,  Nitzcu,  and  BAKfS» 
flrtt  find  a  capacious  and  stnmg  mnscular ,  that  there  is  a  distinct  motion  of  globuh'^ 
sac  developed  on  the  great  arterial  trunk,  in  di/fcrent  parts  of  the  body.  Mc"* 
which  receives  the  whole  of  the  blood  and .  especially  it  was  observed  by  Bakbr  tlis^ 
propels  it  throughout  the  system.  The !  a  motion  of  globules  was  obvions,  ertiB^ 
Tioarcft  approach  to  the  vascular  system  iug  forward  along  the  middle  of  the  hticV, 
of  the  annelides  is  aeen  in  the  myria)iods,  <  and  ex^nding  backwards  along  tbe  sidei 
timse  pedigeroaa  worms  with  hardened  in- i  of  the  caterpillar,  and  thus  coniplsdiag 
teguments^  and  they  are  justly  regarded  by  i  the  circulation.  These  currents,  directed 
STRAOSsas  presenting  nearly  the  ?iTr(])lest  backwards,  arc  situate,  as  in  the  p.nnc!i(!<% 
form  of  this  system.  The  great  dorsal  ves-  up(m  a  lower  plane  in  the  trunk  than^0 
id  iaheve  «iiB  a  nmnm  tifte  eaeendiag^  donal  vimi  Mt»  For  a  ccMiWiiwt 
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tini%  however,  on  account  of  the  opacity 
of  the  parts  of  the  head,  no  opening  or 
ramification  was  perceived  at  the  anterior  i 
extvenlty  of  the  dorsal  vessel  bo  -a*  to  | 
allow  of  the  distribution  of  its  contents  ' 
through  the  body ;  therefore,  various  con* 
jectures  were  had  rfwourse  to  regarding 
the  course  the  fluids  took  in  moving 
tilrough  the  body.    Some  imagined  that 
bf  the  contraction  of  the  dorsal  vessel  the 
Auid  contained  within  it  was  propelled 
through  an  orifice  at  its  anterior  extremity, 
vas  thrown  thus  into  the  cavity  of  the 
abtenMiy  and  that  it  gahied  admiisioii 
again  into  the  posterior  part  of  the  dorsal 
vessel,  and  thus  performed  a  kind  of  cir- 
cular motion.   By  more  careful  and  re- 
peated exaprioation,  howerer,  of  miuute 
transparent  larvae,  Carus  succeeded  in 
pointing  out  the  course  of  the  blood  in 
▼ailone  pail*  of  the  hodj,  and  at  length 
in  showing  the  subdivision  and  ramifi- 
cation of  the  anterior  part  of  the  dorsal 
vessel  in  the  head.  The  fluid  whidi  cdr- 
culatcs  in  thoit  passages  and  veweli  of 
insects  is  transparent  and  colourless,  con- 
sisting of  globules,  which,  by  a  transmitted 
ligh^  throw  up  a  slightly  hrownish  colour 
to  the  eye ;  and  those  are  contained  in  a 
more  homogeneous  attenuated  thin  serous 
fluid,  odioiirl^  also.    The  globoles  fa 
theee  animals  appear  comparatively  large, 
on  account  of  their  being  more  isolated 
<ni  aooount  of  the  smaliness  of  the  vessels, 
mie  smallness  of  the  animals,  the  snail- 
aess  of  all  the  ordinaiy  objects  of  com- 
parison  around  them  while  they  are 
moving  under  the  microscope*  Tlin  fhin 
■erous  part  of  the  blood  seems  to  consti- 
tute the  whole  mass  of  the  circulating  fluid 
in  the  lowest  classes,  and  the  proportion 
of  tiiefilninous  or  globular  part  increases 
as  we  ascend  thxou^  the  classes  oi  ani- 
mals. 

The  structure  of  this  donal  vessel, 

of  insects  (Fiff.  16*9,  a  b),  which  conveys 
the  blood  from  behind  forwards,  has 
of  late  years  been  made  the  subject  of 
oarefid  esamimttioik  hfStftAvss,  who  has 
given  these  numerous  magnified  views 
of  its  entire  form  and  internal  struc- 
tnre.  In  the  Unrvs  state  of  insects,  as  in 
the  simpler  annclides,  the  dorsal  vessel 
has  a  more  lengthened,  narrow,  thin,  and 
uniform  appearance,  than  in  insects  which 
have  passed  on  to  the  chrysalis  condition, 
or  their  Imago  state.  We  observe,  indeed, 
on  watching  the  same  insect  in  passing 
tiiioiighlttlheMirior^lioses,  that  tMs  der- 
sal  vessel  becomes  thicker  in  its  parietes, 
contracts  in  the  cavity  of  the  abdomen, 
and  by  the  closer  approximation  of  the 
aogments  themselfei»  the  contraction  of 
Ihe  muscles,  as  we  saw  before,  gradually 
piBliig  the  segments  within  each  other, 


all  the  contained  parts,  as  well  as  this  ves- 
sel, are  shortened.   The  two  nervous  fila.*'< 
ments  which  connect  the  ganglia,  and  eft*  < 
tend  along  .te  abdeoMn,  are  by  this  ren*  • 

dered  zigr-apr,  and  the  ganglia  are  brought 
nearer  to  each  other.   The  sameeftectis 

rig,  169 


observed  upon  the  dorsal  vessel.  Vt^' 
thus  perceive  the  formation  and  increase 

of  the  valves,  which  valves  are  bilabiate 
folda  of  the  coats  of  the  vessel  itself.  These 
valves,  aocordiiig  to  Sraavst,  «re  fanned 
by  a  reflection  inwards  of  the  dense,  tough, 
exterior  general  covering  of  this  artery. 
The  dorsal  vessel  appears  like  a  series  of 
eight  chambers  {Fuj.  169,  aft),  pushed 
within  each  other,  the  posterior  always 
within  the  one  before  it,  so  that  the  loose 
valvular  folds  are  nalunily  directed  for- 
wards. When  we  examine  the  interior  of 
this  dorsal  vessel,  in  its  perfect  state,  we 
see  that  the  valves  produeed  hy  those* 
folds  passing  inwards  are  confined  to  the 
abdominal  portion  of  this  longitudinal 
vessel,  and  form  there  a  pulsating  sac  for 
each  segment;  Those  folds  pass  inwards' 
in  such  a  manner,  that  the  moving  fluid  is 
admitted  by  them  to  pass  only  forwards  ;r 
htti  as  those  perHaUy  separated  cavities  of 
the  dorsal  vessel,  eight  in  nnmber,  thus 
produced  by  the  constrictions  formed  by 
the  internal  valves,  contract  in  succes- 
sion from  behind  forwards,  tlie  fluid  is  pro- 
pelled for\vards  from  one  chamber  to 
anotheri  and  cannot  recede^  It  cannot 
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recede,  on  acoonnt  of  the  eit  a  ietfo^'W  \  heart  or  ventridethe  MeodmuM  to  »<tili. 

account  of  the  rush  of  globules  and  serum  into  a  vessel  (JY^.169,ic)  of  thinner  coate. 


pouring  in  from  the  two  abdominal  ves- 
fcfcls  that  enter  the  dorsal  vessel  from  be- 
hind, pushing  the  current  of  blood  forward. 
When  the  blood  has  got  into  the  first  or  pos- 
terior cavity  {f^.  169,  a),  its  contents,  by 
the  oontractton  of  tiiat  tac,  are  propelled 
forwards  into  tin  second,  this  anterior  ca- 
vity being  partially  emptied  by  the  previous 
contraction  in  expelling  its  contents.  Each 
of  those  eight  abdominal  portions  of  the 
dorsal  vessel  of  insects,  therefore,  iierforms 
the  function  of  a  heart  belonging  to  each 
segm«»t,  and  they  each  receive  two  late- 
ral currents  of  blood  poured  into  their 
posterior  ends  from  the  cavity  of  the  ab- 
domen. 

Now  this  succession  of  pulsating  cavi- 
ties is  interestinc:,  when  you  consider  it 


which  we  can  very  distinctly  pe«ceive  as  it 
advances  thix>ugh  the  thorax  to  the  head.  < 
This  vessel,  continued£nimliieliCMt»ie the 

aorta,  and  is  mv.ch  move  unifomi  in  its 
diameter,  and  appears,  lor  a  cuusiderable 
distance,  to  give  off  no  tninkt.  At  the 
anterior  pai-t,  however,  of  this  lengthened 
cylindrical  aorta,  continued  {gfUDijaUb  heart* 
it  comes  to  the  opaque  part  of  ilie  head*, 
which  so  long  rendered  its  further  ■ 
course  a  subject  of  difficult  investii^ation 
with  auatouiii»Ui.  There  it  hab  been  tound 
that  the  anterior  part  of  this  aortal  vessel 
divides  into  numerous  arches  ( fiff.  1  (j9,  c  d) , 
which  arches  radiate  chiefly  upwards,  late- 
rally, and  backwards,  giving  off  cunwnta  to 
the  antenna;  {Fiy.  lG9,cej  and  other  parta of 
the  head.  There  we  lose  sight  of  the  appear- 


with  relation  to  the  systems  of  those  aui- 1  ance  of  distinct  membranous  coats  and  dis- 
mals whKh  we  have  already  examined;  tinct  membranous  vessels  for  containiagtfke 


for  we  have  seen  that  the  ganglia  arc  the 
same  within  each  segment }  that  there  are 
nerves  of  motion  and  of  sensation  within 
each  segment ;  that  the  mus^cular  appara- 
tus of  each  segment  is  of  the  same  form  as 
that  of  the  succeeding  segment ;  and  that 
even  the  portions  <»r  the  digestive  organs, 
or  the  alimentary  canal  in  the  simplest 
condition,  are  also  nearly  the  same  thi'ough* 
ont  the  several  segments  of  the  body,  as 
%vc  see  here  in  the  vascular  system  also. 
We  perceive  thus  that  each  segment  is 
nearly  a  complete  organization,  like  the 
aegmenti  of  a  tunia,  and  tint  in  each  seg- 
ment we  have  got  almost  a  complete  vas- 
cular system.  All  the  parts  of  the  body 
in  Insects,  however,  are  much  more  closely 
conrtcrted  together,  and  lcssca])able  of  in- 
dependent existence,  than  in  the  inferior 
heiminthoid  classes.  Now  tiiose  eight 
cavities  are  observed  to  receive  currents 
of  blood  from  the  abdominal  cavity  by 
cacii  of  their  sides.  When  we  magniiy 
very  much,  in  the  young  transparent 
larva,  the  dorsal  vessel,  under  a  favour- 
able light,  we  can  sec  a  ru&hing  of  glo- 
bules towards  the  posterior  part  of  eadi 
of  these  cordiform  segments  of  the  dor- 
sal vessel.  We  can  see  that  there  is  a 
distinct  admission  of  blood-globules  into 
each  of  those  parts  of  the  dorsal  vessel,  as 
into  a  separate  heart,  and  that  their  pul- 
sations contiime  in  succession  from  be- 
hind Ibrwards,  the  posterior  pulsating 
first,  and  the  anterior  last.  This  intro- 
duction of  lateral  streams  of  globules  into 
the  dorsal  veisel  was  ascribed  by  my  in- 
genious friend  Strauss  to  the  passage  of 
the  blood  from  an  exterior  enveloping 
auricle  into  the  cavity  of  the  dorsal  ven- 
tricle or  vessel,  and  he  conriders  this  ex* 


circulating  blood.  Those  arches  do  not  ap- 

(tear  to  subdivide,  as  in  red-blooded  worms, ' 
nto  minutely  ramified  captlhvies.  There 
is  scarcely  indeed  such  a  delicately  mmified 
structure  seen  in  the  vascular  S}'stem  of 
the  class  of  insects  as  we  see  even  among 
the  lowest  of  the  •"p^^iiiff.  The  streams 
of  globules  are  seen  to  meander  through 
diff  erent  parts  of  the  cellular  tissue  of  the 
body,  and  to  fiwm  loops,  cnrvee^  and 
circles,  passing  out  and  retnrr.ing,  but  not 
ramifying  and  extending  into  minute  capil>  - 
laries,  like  the  accompanying  air-vessels.  - 
The  arches  {Fig.  169,  d)  of  the  head  ex- 
tending laterally  and  backwards,  give  off 
loops  or  currents  to  the  antennae  and  other 
parts  of  the  head,  and  at  length  converge 
and  tcrminn.tc  in  the  two  gi'cat  inferior  or 
abdominal  tiuuks  1 1>^,  A),  or  ciurents, 
situate  towards  tiie  antwior  or  ventnd  sur- 
face of  the  insect,  and  which  convey  the 
blood  backwards.  In  their  coTir^e  bnck- 
wards  they  give  oil  uot,  appurently,  mem'- 
branous  tubes  or  vessels,  but  they  allow 
currents  of  globules  dir  ected  to  various  or- 
gans to  escape  from  the  main  streams^ 
which  diverging  ciurents  again  return  to 
the  lateral  streams  directed  backwards. 
Thus  as  the  streams  arrive  opposite  to  the 
branches  of  the  legs,  a  single  current  is 
seen  to  pass  into  each  of  the  1001  {Fiff*  169^ 
f f).  The  ^'lo!>ule8  are  seen  to  run  in  that 
direction  lor  a  short  distance  into  the  leg^ 
and  sometimes  through  its  whole  length,, 
and  then  tliey  appear  again  to  turn  and 
come  back  into  the  main  two  lateral  cur- 
rents {Fig.  169,  K)  that  pass  along  the  in- 
ferior part  of  the  abdomen  backwaixla  to 
the  posterior  end  of  the  dorsal  vesseL  This 
is  observed  in  the  diagram  (JR^« 
pesshigto  the  extremities  of  the  ste  lege 
'  •     •  ~ the 


tenor  enveln^iiiig  auricle  as  common  to  of  the  insect.    The  distribution  of 
the  entomoid  classes*  from  this  donsal  blo<Ml  in  the  wngs.CV'  ^  |r#)  «f  io*^ 

w      »  « 
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wcU  is  mtich  more  extensive,  and  is 
lielffer  kMwn.  Ko  parte  are  more  diver- 
bified  in  stmctnre  than  the  '^  nigs  nf  in- 
sects, and  the  forms  which  they  iiresent 
are  more  T«rtoua.  So  ft  is  wHIi  regard  to 
the  dhtadtnrtkm  of  the  blood  throagh  those 
wingB.  Many  figures  have  been  pub- 
lished of  the  mode  in  vshich  the  blood 
oirctdatet  tiiroii^  the  wrings  of  different 
species  of  insects,  takinp  the  insects  at 
the  period  at  which  they  iirst  escape  from 
tMr  larroor  their  cbrywdis  condition, 
when  the  wings  are  yet  colourless,  soft, 
and  transparent,  and  when  the  currents 
are  much  more  numerous  through  them 
tiian  in  the  adult  state.  It  is  necessarf  to 
take  the  wings  in  that  soft  and  transparent 
ooodition,  both  because  parts  of  the  vas- 
cular ayatem  of  the  wings,  as  of  other  ex- 
ternal parts  of  the  hotly,  at  an  adult  period, 
distinctly  become  obliterated,  and  because 
of  the  increased  hardness,  dr}'ncs8,  and 
opacity,  iriiic^  the  future  development  of 
the  wings,  and  the  action  of  the  air 


ordinary  modes  of  the  distribution  of 
blood  in  ttioae  oi^na.   Nmneroiia  cur^ 

rents,  and  apparently  contained  in  this 
vessel,  are  seen  moving  to  and  from  the 
principal  viscera  of  the  tnmk.  And  ex« 

tcrior  to  the  two  great  lateral  abdominal 
streams  'Fiff.  169,  h)  of  blood-globiilea  run- 
ning backwards  along  the  inferior  portion 
of  the  trunk,  two  exterior  smaller  currents 
I'iFTy.  lf)9,  ?')  of  globules  arc  seen,  more 
towards  the  outer  or  lateral  oiaigins  of 
the  insects,  nearer  to  the  exterior  open- 
ings of  the  respiratory  organs.  These 
are  small  accessary  currents  which  re- 
ceive the  blood  from  all  the  exteiior  parta 
in  the  immediate  vicinity,  and  convey 
blood,  at  different  distances,  into  the  two 
principal  abdominal  currents  that  are  di- 
rected backwards.  Vessels  have  been  seen 
in  several  insects,  passing  from  the  dorsal 
vessel  to  different  organs  of  the  trunk, 
especially  to  the  oviducts,  by  Muller, 
and  to  the  bUiaiy  oi-gans.  We  observe 
that  fsimilar  currents  of  globules,  in  some 


upon  thorn,  produced,  i^ndering  it  nearly  |  of  the  insects  that  have  long  caudal  appen- 
impossible  to  malce  microscopical  obser-  (dices  {Fig.  169,  k  I),  continue  downwards 

vntionson  the  movements  of  those  streams  in  the  form  of  loops  detached  from  the  ab- 


of  globules  which  may  still  partially  CX' 
tend  over  wings.  In  differently  formed 
wings  the  blood  is  observed  to  take  dif- 
ferent courses,  but  you  will  generally  ob- 
serve that  along  the  upper  part  or  an- 
tecior  tbick  margin  of  the  ex|»anded  wing 
)()9,  f/  r/),the  blood  is  direcfcd  from 
the  lateral  stream  of  the  abdomen  out- 


wards. Those  currents  of  globules  describe  t  ganiaed  to  fli^  Uke  shadows,  bnt  for  a  mo- 


different  curves  over  the  surfiace  of  the 
organ,  anastomono  freely,  and,  at  length, 
in  the  posterior  puj  t  or  iimrgiu  of  the  wing 
the  currents  of  globules  are  seen  to  pass 
again  towards  the  njntn  abdominal  cur- 
rents (/^.  16*J,  A),  which  convey  them 
badcwards  to  the  end  of  the  dorsal  vessel, 
into  which  they  enter  along  with  all  the 
currents  from  the  abdon)inal  viscera,  the 
caudal  appendices,  and  the  other  parts 
which  have  lieen  observed  to  receive  dis- 
tinct streams  of  this  extensively  circulated 
fluid  in  the  body  of  insects. 
I  bmve  p^laced  before  you  in  tbis  large 

colovn  cfl  (liapram  '  f'lf/.  the  principal 

discoveries  which  have  been  authenticated 
regarding  the  distribution  of  the  circulat- 
ing system  of  insects.  There  is  here  a 
great  variety  of  parts  belonging  to  diffor- 
cuc  insects,  placed  together  upon  one 
diagram,  so  that  it  presents  to  you  k  view 
of  the  recent  ohsen'ations  of  Frofessor 
Cajius  on  the  distribiition  of  the  great 
aortal  vwsdfB  tbe  head  (Fig.  1 6%  e  d) ;  of 
the  recent  observations  Strauss  on  the 
ptructure  and  form  of  the  dorsal  vessel 
{Fin,  l'»9,  a  b)  and  its  valves.  The  same 
diagram  presents  to  yon  four  wings  {Fig. 


doroinal  currents,  through  those  codal  ap- 
pendices ;  but  these  caudal  currents  {Fig. 
169,  k  V),  like  those  of  other  appendices  of 
the  trunk,  are  not  ramified  and  spread  out 
in  minute  capillary  streams,  as  we  see  in 
animals  which  have  the  vascular  system 
more  developed  and  more  important  than 
in  those  little  dry-bodied  aeronauts,  or> 


mcnt  through  the  attenuated  air. 

The  sanguiferous  system  is  more  highly 
developed  in  the  arachnida  than  in  insects, 
especially  in  the  form  and  muscular  struct 
turc  of  the  heart.  This  organ  is  almost 
always  fixed,  as  in  insects,  by  means  of 
transverse  muscular  bands  to  ^e  dorsal 
part  of  the  segments,  but  these  appeal'  to 
be  wanting  in  the  phalangium,  where  the 
heart  extends  quite  free  along  the  middle 
of  the  back.  The  heart  oft  the  scorpion 
is  a  len'^thoTu  d,  wide,  and  muscular  canal, 
tapering  and  narrow  at  both  ends»  fixed 
by  muscular  bands,  and  giving  off  nume- 
rous  lateral  branches  in  its  course,  espe- 
cially to  the  hepatic  organs  developed 
from  the  sides  of  the  intesthie.  It  pre- 
sents five  enlargements  of  its  caliber,  and 
from  those  enlarged  dilated  portions  which 
are  the  parts  fixed  by  the  transverse  mus- 
cular bands,  the  vessels  are  given  off  to 
the  Tirin:hhotiring  organs.  This  organ  is 
shorter  proporUoually  in  the  spiders,  and 
is  very  wide  at  its  anterior  portion,  where 
it  suddenly  tapers ;  but  it  is  narrow  and 
contracted  at  its  posterior  part.  It  is 
fixed  by  muscles,  as  m  the  scorpion,  and 
has  a  distinct  muscular  coat  couristiny 


l^9f}t  tiUbiling  MordilKerenttho«gli|of  traoiveive  tinmg  flbroi.  Numwoiig 
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vestels  are  given  off  from  its  sides, 
and  two  huqge  trunks  are  seen  to  diverge 
from  its  anterior  put. 

In  the  crustaceous  animals  the  vascular 
aystem  arrives  at  the  greatest  devekqpment 
prawnted  by  tbia  great  dhrMou  of 
animal  kini^om,  both  in  the  stnicture  of 
tlie  heart  and  in  the  extent  of  the  arterial 
aai TMoai  distrfibiitlon.  Thebeaitiaat- 
tadMd,  as  in  the  other  entonioid  dasaea, 
aud  is  generally  a  short  muscular  sac,  si- 
tnate  in  the  niiddle  of  the  dorsal  part  of 
the  cepbakMiKwaz. 

We  observe  the  binish  white  and  highly 
iHnriaova  bkM>d,  in  theee  crustaceous  ani< 
aHd%  ntnraing  by  nmmiw  vdna  (Fiff, 
199,  a^c)  from  all  part*  of  tliabody,  wtaich 


vessels  at  length  are  directed  towards  the 
base  of  tiie  rccpiratory  oi^ns — the  gills, 
whore  it  is  collected  into  a  series  of  wide 
sinuses  (Fir/.  170,  d)  at  the  sides  of  the 
trunk.  This  venous  blood  is  conveyed  by 
the  branchial  arteiies  (Fif.  170,  e)  along 
the  exterior  margins  of  the  gills,  where 
it  ramifies  and  subdivides  over  the  lit* 
nmneriMe  miniile  laminae  that  com* 
pose  those  numcnma  and  ooaqilicated  or* 
i^aus.  From  the  extreme  capillaries  of 
those  branchial  trunks,  it  is  collected  by 
corresponding  brandiiiil  vafot  {Ffy.  170, 
/),  containing  the  arterialized  blood,  which 
pass  along  the  interior  margins  of  the  gills; 
tboaa  hnaehial  Tiiiit  convoy  the  arterial*- 
izod  Mood  by  numetont  kteral  tnuda  Inlo 

170 


the  cavity  of  the  ccphalo-thorax,  and 
thence  towards  the  middle  of  the  back. 
In  the  middle  of  the  back,  where  those 
trunks  of  the  branchial  veins  terminate, 
there  fai  a  large  muscular  sac  {Hg.  1 70,  g) 
with  thick  parictcs  and  internal  muscular 
columns,  which  is  the  ventricle  that  pro- 
pels the  blood  backwards  by  one  great 
trunk  (FSg.  170,  k),  and  forwards  by 
three  prcat  arteries  (Fig.  170,  h  i  i) 
in  the  decapods  through  the  whole  system. 
In  the  hiaachiopodoas  crustaoea,  how* 
ever,  the  heart  is  only  a  kngtheoed  dorsal 
vessel. 

We  observe  in  these  large  decapods 
that  the  heart  is  surroundod  by  a  wide 
pericardium,  which  Treviranus  and 
Sraxuss  regarded  as  an  auricle  receiving 
tiie  blood  mm  the  hnmchlan,  and  that 
there  are  generally  three  great  vessels 
(Fiff.  170,  hi  i)  given  oflf  from  the  fore 
purt  of  the  heart,  which  convey  the 
blood  forwards  to  the  abdominal  viscera, 
and  to  parts  about  the  head;  and  the 
great  posterior  arterial  tnmk  i^Fig.  170, 
k)  conveys  it  to  the  parta  of  the  post- 
abdomen.  So  that  we  observe  in  the 
Strong  muscular  sac  {Fig.  170,  g),  en- 
dosed  In  a  pericardium,  and  provided 
with  distinct  valves,  of  these  most  ele> 
vated  of  the  Crustacea,  the  highest  stage 
of  development  of  the  dorsal  vessel  of  in- 


sects and  worms,  and  beginning  as  a  sim* 
pie,  thin,  membranous,  lengthened  tube, 
in  the  larva  condition  of  the  insect,  and  in 
the  lowest  of  the  worms,  which  are  only 
permanent  larvae,  you  have  seen  that  dor- 
sal vessel  gradually  becoming  more  and 
more  concentrated,  by  its  progressive 
march  of  development  towards  one  point 
of  the  trunk,  so  as  ultimately  to  consttiiot 
this  great  fleshy  ventricle  of  the  Crus- 
tacea, which  receives  the  arterialized 
blood  from  the  reqtiratory  organs,  and 
propels  it  by  numerous  arterial  trunks 
through  the  whole  system.  And  in  tra- 
cing the  march  of  development  in  the 
vascular  qratem  of  the  highest  of  these 
crustaceous  animals,  from  the  embryo 
state,  we  observe  it  passing  through  the 
same  series  of  forms  in  its  great  centres^ 
which  we  have  seen  in  tracing  its  pcnna* 
nent  conditions  from  the  lowest  of  the 
helminthoid  to  the  highest  of  theentomoid 


Sir  C.  Bkll's  Discoi  Rsrs.— Tlic  following  !ec- 
tarc  (page  S75)  and  the  lecturt.'  unmediately  sobjeia- 
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LECTURE  XLVIIL 

ON  THE  S  VNOUIPEROUS  SYSTEM  IK  THB 
MOLLUSCOIS  (  lASSES. 

The  slow-creeping  mulluacous  aniinalij 
drag  on  a  languid  existence,  without  feel- 
ing, without  enjoyment,  from  the  imper- 
fert  development  of  all  their  higher  orf,'nns 
ol  rulatiou  or  of  animal  life.  Their  organs 
of  nutrition  or  of  vegetative  Hfe»  are  de- 
veloped at  the  ex|i€nse  of  all  those  higher 
systems  which  give  to  the  articulated 
classes  their  re^lundanoe  of  life  and  acti- 
vity. Indeed  these  two  great  ayitems  of  ani- 
mal o  rvrn  Ti  i  /  a  t  i  0  n  fo  11  ow  genei'ally  an  i  n  verse 
ratio  to  each  other  ia  the  Diaixh  of  their 
development  in  each  daaa.  We  have  seen 
the  superiority  of  the  molluscain  the  extent 
and  development  of  all  their  digestive  ap- 
paratus, and  wc  observe  the  same  in  their 
glandular  organs,  and  in  all  their  other 
Mysterns  connectfl  with  individnn!  initri- 
tion,  but  there  is  no  ijart  oi  their  economy 
In  which  they  manifest  a  greater  superi- 
ority over  the  articulated  classes  than  in 
their  vascular  system.  It  ia  the  restless 
activitf  of  the  worm  and  of  the  insect,  that 
makes  every  fibre  of  their  l)ody  as  a  hcnn 
to  propel  their  hlnoii  and  circulate  their 
fluids.   They  requiiti  no  complicated  ap- 

pBtatos  to  accelerate  tbe  ever-ocUve  pat^ 
No.  m. 


rents  of  their  blood,  and  hence  the  imper- 
fect development  ^  the  great  centre  of 
their  vasculBr  system.  Indeed  it  has  been 

shown  by  Ehrbnbbrg  and  by  Nordmank,  * 
that  in  the  simplest  of  these  animals,  the 
trematoid  entozoa,  the  blood  flows  through 
the  system  by  the  mere  motions  of  thebody^ 
without  the  least  motion  or  impulse  from 
the  vessels  which  contain  it.   The  great 
centre  of  their  vascular  system  has  not  yet 
developed  even  into  a  pulsating  vessel — 
the  first  rudiment  of  the  human  heart; 
hot  it  is  still  membranous,  fibre-less,  mo« 
tionless,  and  Inert  as  the  cell  of  a  chrn^ 
And  what  have  we  in  the  highest  of  these- 
articulated  classes,  even  in  the  active 
powerftil  carnivorous  itecapods,  tint  ttie 
dorsal  ve^^s  cl  of  the  worm  and  of  the  insect  . 
concentrated  into  a  pulsating  sac  ?  They 
require  no  more,  for  every  muscular  mem- 
ber of  their  restless  body  is  as  a  heart  to 
keej)  the  blood  in  constant  motion.  How 
dirtcrently  ciicumstanccd  are  the  mol« 
lusca! 

The  inert  tunicata,  the  lowest  of  the 
molluscous  classes,  fixed  like  plants  upon 
the  sea-beaten  cUlfs,  and  in  which  we 
can  scarcely  discover  a  trace  of  li&,  en- 
close in  their  motionless  carcass  a  heart 
as  highly  developed  as  that  of  the  Crusta- 
cea, the  highest  of  the  articulated  classes  ; 
and  if  tl  cy  did  not,  their  blood  would 
stagnate  in  the  complicated  labyrinth  of 
vessels  and  organs  through  which  it  has 
to  pass.    The  slow-creeping  snail  that 
feeds  upon  the  turf,  has  a  heart  as  com- 
plicated as  that  ot  the  red-blooded  vcrte- 
brated  fish  which  bounds  with  such  velo- 
city tJirouph  the  deep.     It  is  because  the 
fish  is  muscular  and  active  in  every  point 
that  it  requires  no  more  heart  than  a  snaU 
to  kec])  up  the  necessary  movements  of 
its  blood.  It  is  beautiful  to  trace  the  order 
followed  by  uature  in  Uie  development  of 
organs  throughout  the  animal  kingdom,  or 
in  the  microcosm  of  our  own  body ;  but  It 
is  surpassingly  beautiful  to  discover  the 
reason  and  end  of  nature  in  estabUdiIng 
tliat  order  of  development. 

The  liarmony  of  tlicse  aiTanrrenients  is 
sometimes  ohiicurcd  by  the  language  in 

whicli  they  are  deiciifaed  $  for  if  we  givo  ten 
3N 
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auricles  and  ten  ventricles  to  au  earth- 
wrm,  and  only  a  dorsal  vessel  to  an  imecU 
if  we  give  two  auricles  to  the  cephalopod^i, 
and  only  one  to  the Jishes  and  the  tadpoles 
of  amphibia  above  them  in  the  scale  j  if  we 
gilw  two  anriclea  and  a  ventricle  to  a  eoekfi, 
and  the  same  to  a  frog  and  a  fhard;  if  we 
say  that  there  are  two  auricles  and  two 
ventricloe  enclosed  in  the  shell  of  an  area, 
and  no  more  in.  the  human  body,  how  can 
we  perceive  a  trace  of  that  perfect  order 
wttich  is  preserved  throughout  in  the  de- 
vcloiyment  of  this  vaicular  system?  The 
kidneys,  the  pancreas,  the  spleen,  the 
liver,  the  ttomacb«  the  bouesii  the  brain 
hatSf,  andimost  of  the  organs  of  the  body, 
l>cgin  their  career  in  the  inferior  tribes  by 
the  fni  mation  of  numerous  detached  por- 
tions, and  mark  their  increasing  develop- 
ment and  internal  elal>oration  by  their 
more  concentrated  foims  in  higher  classes 
iof  animals.  The  same  is  diserved  in  the 
sanguiferous  systemv  and  we  might  as 
well*  counting  the  lobes  as  organs,  give  a 
hnndred  kidneys  to  a  fish  or  a  reptile,  as 
eight  ventricles  to  an  insect  or  ten  auri- 
cles to  a  woi-m.  mere  is  an  auricle  in 
animals  for  the  systemic  blood,  and  an 
auride  for  the  blood  which  has  passed 
thnw^  Uie  lungs.  TUs  second  auride 
docs  not  begin  its  development,  however, 
these  low,  water-breathing,  slow- 
Dioviiig  moUusca,  but  wnk  tlie  more 
highly-organized  and  more  active  air- 
breathing  vertebrata,  as  has  been  shown 
by  Wi^BER  in  the  perennibranchiate  am- 
piiibia,  the  axMl  and  the  proieus,  the 
lowest  of  tile  abr'tveatltfaig  TWtebrated 

aninmls. 

Tiiere  is  no  heart  in  the  cells  of  the 

?ilant^  nor  in  the  vascular  system  of  the 
owcst  animals,  to  interrupt  the  smooth 
regulai  ity  of  their  revolving  streams,  which 
may  be  produced  by  dlia  in vidUy  minute. 
The  licart  begins  by  a  muscular  pulsating 
portion  of  the  great  trunk  of  the  vascular 
system  in  most  of  the  echinoderma,  which 
we  have  seen  developed  into  a  strong,  cir- 
enmscribcd,  fleshy,  systemic  ventricle,  in 
■tradng  it  through  the  articulated  classes 
to  the  Crustacea*  But  while  this  muscular 
cavity,  by  its  increasing  development,  ac- 
celerates the  flow  of  the  blood,  it  inter- 
rupts the  smooth  regulaiity  of  the  stream, 
especially  in  its  own  vidnity,  where  the 
current  of  the  returning  venous  trunk 
must  be  interrupted  during  every  con- 
traction ut  the  Tentricle,  when  alone  de- 
veloped. This  interruption  to  the  free 
passage  of  the  blood  by  the  contraction 
of  a  single  ventricle  in  its  course,  pro- 
duces or  necessitates  the  development 
of  a  new  cavity  or  sinus  liehind  the  ven- 
tricle, to  receive  tlie  rapid  current  of  re- 
luming blood,  and  aUow  it  to  ^ocumiilate 


while  the  ventricle  contracts.  Thus  origi- 
nates anewcavityof  theheart,  the  systemic 
auricle,  which  presents  itself  under  various 
forms  from  the  lowest  tunicata  ihrouyh- 
out  the  mo|lu6cou8  dasscs.  It  is  au  eik- 
larg€$d  portion  of  the  musdilar  and  con- 
tractile part  of  the  venous  system .  Des- 
tined to  accumulate  the  blood  for  the  great 
and  restless  cavity  of  the  ventrid^  and  to 
relieve  the  returning  veins  during  its  con- 
trartion,  this  auricle  may  consist  of  as 
many  portions  as  there  are  venous  trunks, 
and  we  generally  find  it  divided  in  the 
acephalous  mollusca.  But  the  function  of 
these  portions  is  the  same,  and  the  organ 
is  single,  till  Ae  commencement  of  a  aew 
circulating  system  of  vessels  for  aerial  re- 
spiration among  the  vertebrated  tiibrs 
requires  the  development  of  anew  auricie, 
and  at  length  a  new  beart  for  itself. 

Although  the  sanguiferous  systetii  of  tlic 
u)onusca  is  thus  generally  provided  with  a 
systemic  auride  and  vAitride,  it  presents 
considerable  varieties,  both  in  the  form 

and  strn  'tMrr  of  its  iTent  central  ]»nrt><, 
and  ill  iLb  gL'Ucrai  dibtributiou  thi*ough  liic 
system.  These  diflerences  are  chiefly  de- 
pendent On  the  di\'Pi  «i?if  d  forms  of  tho 
body,  the  various  positions  and  characters 
of  the  respiratory  organs,  and  the  ine* 
creasing  development  of  the  whole  frame 
as  wo  ascend  through  the  niolluscons 
classes.  Their  blood  is  still  thin,  coiotii  - 
less,  and  transparent,  containing  less  of 
the  fil)rinous  pai-t,  and  is  less  coagiilable 
than  in  the  red-blooded  classes  of  vertc* 
brata.  It  hte  i  bluisb-wbite  colour  and 
great  transparency  in  the  living  state,  but 
becomes  more  white  and  opaque  wben 
coagulated  out  of  the  body. 

In  the  lowest  class  of  molluscous  ani- 
mals, the  tunicata,  the  circulating  s\"<teiu 
still  presents  a  very  simple  condition  of 
its  central  parts.  We  observe  in  the 
asciJia',  at  the  bottom  of  the  abdominal 
cavity,  below  the  respiratory  sac  into 
which  the  water  is  conveyed  lor  respira- 
tion, betwe^  the  stomach  and  the  parietes 
of  the  muscular  coat,  that  there  is  a  dis- 
tinct pericardium,  containing  a  dilated 
portion  of  the  vascular  system,  wbick 

upon  being  examined  in  the  living  state, 
was  distincrly  obsi>rved  by  DiCQi  km  a  uk 
topul^iatc.  It  consists  of  a  thin  lengthcaud 
ventricle  with  a  mii|Ute  auriciilar  sac. 
This  organ  fcceives  the  blood  from  the 
respiratory  folds,  the  gills,  disposed  in 
nunieroi»  highly  vascular  lanupae  on  tbe 
interior  of  the  respiratory  sac.  It  conveys 
this  blood  backwanis  between  the  stomach 
and  the  mantle,  and  the  great  aoriul  tt  unk 
which  is  seen  to  arise  ftom  the  ventricle 
of  this  heart,  makes  a  sudden  curvature, 
and  then  ascends  along  the  abdominal 
pailctes  in  th«  direction  of  tbe  Uitestiiie. 
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DvLLB  Chta JE  thiiiTcs  tlipre  are  two  rudi- ' 
mciitary  auricles  in  the  ascidis,  as  in  most 
of  the  conchifera.  Thfa  viht^e  heart,  how- 
ever, is  a  mere  enlargement  of  the  great 
arterial  trunk,  which  is  mufcnlar  and  pul- 
sating like  the  corresponding  part  in  the 
eekhwdenmi,  and  ft  vppem  more  probahle 
fbak  CuviBR,  Savignv,  and  MrrxKi ,  are 
correct  fai  considering  this  auricle  as  a  sin- 
gle minute  cavity,  partially  separated  from 
the  thin  transparent  fasUbnn  ventricle. 
This  auricle  and  ventricle  receiving  the 
arterialized  blood  from  the  branchial  folds 
and  propelling  it  through  the  system, 
form  a  systemic  heart,  like  that  ot  the 
simpler  tilbes  throagh  which  we  have 
passed,  and  Uke  that  of  the  coochlferons 
animals  with  which  they  are  most  closely 
allied.  The  position  of  the  honrt  with  re- 
lation to  the  alimentary  canal  m  these  tu- 
nicated  animals  is  also  nearly  the  same  as 
in  the  conchifera;  for  if  we  invert  this 
e^ihia  (Fig.  171,  Vol.  I.  p.  42<}),and  place 
the  respiratory  sac  on  the  lower  abdominal 
surface  as  in  most  of  the  bivalvia,  we  find 
the  vascular  system  occupying  as  usual  the 
upper  doi-iial  region  of  the  body  {Fig.  U,  1  d, 
Vol.  I.  p.  426). 

The  circulating  system  of  the  conchifera 
presents  a  more  complex  condition  in  all 
its  partt  than  in  the  tunicata.  AH  the 
conchiferous  animals,  as  all  the  tunicata, 
are  aquatic  animals,  breathifi?^  by  nieans 
of  bruiichix.  The  bloud  winch  has  been 
sent  through  the  system,  retmns  fai  a  ve- 
Tiniig  condition,  and  hy  Tunnerons  anasto- 
mosing veins,  uniting  into  larger  and  larger 
trunks,  it  is  propelled  in  whole  or  in  part 
through  the  pectinated  laiiiinir  of  the  ijills. 
Exposed  to  the  influence  of  the  oxygen  of 
the  air  contained  in  the  water,  the  blood 
hecomcs  oxygenated  and  decarbonised, 
and  rises  by  numerous  trunks  from  tlie 
respiratory  organs,  which,  anastomosing, 
and  nnitiiig  into  larger  and  larger  ves- 
sels, enter  two  thin  cavities  of  the  heart, 
one  upon  each  side  of  the  ventricle,  and 
generally  in  the  region  of  the  back.  Those 
two  cavities  constitute  the  two  auricles  or 
the  two  portions  of  the  systemic  auricle, 
which  we  see  so  constant  in  these  con- 
clrifefoiis  anlmtlB.  Those  two  lateral 
cavities  of  the  heart  :\rc  thin,  nnisciilar, 
contractile  sacs,  that  have  precisely  the 
nme  fimctlons  to  perform  upon  each  side 
of  tho  body.  For  considering  these  two 
cavities  as  distinct  auricles,  some  have 
imagined  there  was  an  analogy  between 
the  two  cavities  of  tbe  heart  of  the  c^n- 
dilfera  and  the  two  auricles  of  reptiles. 
But  by  adopting  a  view  of  this  kind, 
one  might  be  led  to  snppose  that  the 
same  order  and  regokirity  were  not  per- 
ccptif)lt'  in  tln^  (lev  clopnjcnt  of  ihf  vas- 
cukr  systctu  iu  the  lower  tribes  oi  auiinals 


which  is  observed  in  tho  nrrvnns  and 
other  systems  ;  for  it  might  thus  be  ima- 
gined that  in  passing  np  through  the  ani- 
mal kingdom,  we  ascend  firom  animals 
with  a  single  cavity  in  the  cnistacea  sud- 
denly to  animals  with  three  cavities  of  the 
heart  in  lAe  oonchifera,  and  probably  even 
in  the  tunicata,  accrrtlii^^  to  CHiAjK;theil 
that  we  ascend  to  gasteropods  with  only 
two  cavities  of  the  heart;  thentopteropods, 
with  a  more  simple  structure ;  then  to  ce- 
phalopods,  with  three  cavities  of  the  heart } 
then  that  we  go  still  higher  to  fishes,  and 
meet  with  only  two  cavities  of  the  heart  i 
then  that  we  come  to  animals  with  three 
cavities :  and  so  there  appears  in  adoring 
this  view  to  be  no  perceptible  method  or 
order  in  the  devdopmcnt  of  the  vascular 
sj'Stem  in  the  lower  animals.  In  the  /m- 
ffvlay  among  the  brachiopodous  bivalves, 
the  ventricle  is  divided  into  two  sacs, 
placed  apart  from  each  other,  and  without 
auricles,  as  you  observe  in  these  plates  of 
Ctrnim.  There  is  properly  but  one  auri- 
cle, however,  in  the  conchifera  ;  that  auri- 
cle, in  order  to  he  more  accommodated  to 
the  i)articular  form  of  the  body,  and  espe- 
cially the  lateral  position  of  the  gills,  is  di- 
vided into  two  lateral  parts,  and  placed  one 
upon  each  side,  hut  these  two  separate  por- 
tions of  the  auricle  have  precisely  the  same 
functions ;  this  is  not  the  case  in  those 
hitrher  animals,  where  we  find  two  dis- 
tinct auricles  of  the  heart  developed.  For 
instance,  in  amphibia  and  reptiles  there 
are  two  distinct  auricles  of  the  heai't,  hav- 
ing very  distinct  functions,  and  one  ven- 
tricle. The  one  auricle,  as  shown  by  Dr. 
Daw  in  the  amphibia  as  well  as  in  the 
reptiles,  is  pulmonic,  and  the  other  is  ve- 
nous. This  is  not  the  case,'  however,  with 
the  two  cavities  of  the  auricle  in  the  con- 
chifera. There  is  but  a  single  ventricle  in 
the  conchifera,  which  receives  the  aerated 
blood  irom  the  two  anrides,  and  propels 
that  l)l(M  )cI  hy  two  great  aortal  trunks,  both 
forwai  ds  and  backwards,  through  the  sys- 
tem. This  ventricle  lies  lon^tndinally, 
has  two  valves  at  the  openings  of  the  au- 
ricles, has  thick  muscular  parietes,  and  is 
genei^y  pierced  by  the  intestine,  which 
passes  ttrongb  its  cavity  near  to  the 
rectum.  The  hulbus  arteriosus  is  already 
appaient  on  the  origin  of  the  aorta  in 
many  of  these  cottcMfera,  and  is  still  more 
developed  in  some  of  the  gasteropods  and 
ceplialopods ;  itcontinucs  its  development 
through  the  fishes,  auiphibia,  and  reptiles, 
and  is  a  preparation  for  the  division  of  the 
aorta  into  i  -ystcmic  and  pulmonic  trunk. 

The  division  which  you  witness  in  tho 
anricles  of  tbe  heart,  is  partly  witnessed 
also  continued  through  the  ventricle  of 
the  teredo  and  other  conchifera.  That 
you  wui  see  in  this  figure  of  the  t^edq- 
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naval h,  where  you  observe  the  two  great 
branchial  veins  briogiog  up  the  blood  that 
has  been  arterialised  in  the  gills,  to  the 
two  long  narrow  fosiform  aurjcles,  and 
from  these  two  auricles  ])as*«ing  into  a 
stronger  muscular  pubatiug  cavity,  which 
behind  is  partially  divided.  Yon  enn  tee 
very  distinctly  in  this  common  oyster, 
-where  the  body  is  narrow,  and  is  mudi  ex- 
panded loogltiidinally  and  vertScelly,  that 
the  two  auricles,  of  a  dark  colour  and.soft 
spongy  texture,  have  united  together  into 
one,  and  pour  their  contents  by  two  iihort 
canals  into  a  broad,  white,  round,  muscu- 
lar, single  ventricle,  which  is  not  pierced 
by  the  intestine,  as  this  ventricle  is  in 
moat  of  theccmcliifera.  When  I  open  this 
white  fleshy  ventricle  of  tlie  oyster,  situ- 
ate below  the  adductor  muscle  of  the 
valves,  and  look  down  upon  the  two 
openings  from  the  very  broad,  united, 
black-coloured  auricles,  distinct  promi- 
nent valvular  folds  are  seen  extending 
from  the  margins  of  these  two  venous 
orifices  into  the  cavity  of  the  ventricle. 
Similar  valves  are  described  by  Cuiaje 
in  the  heart  of  the  tucidiat  but  his  ac- 
count of  the  circulating  system  of  the  tu- 
nicata  is  inconsistent  with  every  ana- 
logy, and  diftcrs  from  that  of  all  other 
observers,  especially  In  the  direction  as- 
figncil  to  the  currents  of  tlie  bltjo  l  and  to 
the  valves.  Not  only  is  the  amide  di- 
vided into  two  in  the  area  imw,  but  this 
bifurcation  ext«Mls  through  the  ventricle, 
and  thus  an  appcfirarK  c  of  two  hearts  is 

iu'oduced,  each  provided  with  its  two 
engthened  cavitiei^  an  auricle  and  a  ven- 
tricle ;  and  these  two  lienrt'<  are  placed  so 
laterally,  that  they  are  separated  from 
each  other  by  the  whole  breadkli  of  the 
animal's  body.  These  two  halves  of  the 
heart  are  symmctricftl  in  structure,  and 
tuiiiiar  in  lunctiun,  us  lu  ottier  conchifera, 
and  the  whole  organ  is  hov  necessarily  di- 
vided into  two,  to  he  accommodated  to 
the  broad  form  of  the  animal's  body*  and 
to  the  distance  which  necessarily  Inter- 
venes between  the  branchial  laminx  and 
between  the  branchial  veins.  The  heart  has 
aometiuics  smaii  supplementary  sinuise:^, 
besides  the  two  auricles,  as  figured  here  by 
PoLi  in  his  splendid  plates  of  the  pinna. 
The  ventricle  is,  most  generally,  a  thick, 
fleshy,  single,  roand  cavity,  receiving  the 
arterialized  blood  from  two  lengthened 
Jhin  auricles,  placed  one  on  each  of  its< 
eides,  as  you  see  in  these  large  drawings 
«of  the  maetra  and  the  eardkim.  The  be- 
£ini\ing  of  the  two  aortal  trunk'?,  v.hich 
issue  fon^ards  and  backwards  from  this 
«iagle  ventricle,  are  generally  traversed 
Cora  short  distance,  like  the  ventricle  it- 
self, by  the  intestine.    The  postc  ritji-  aortit 

in  jjuuiid  ig  bo  distributed  tlucil/  ou 


the  mantle  and  the  fiupcrficiat  parts, 
while  the  anterior  great  aortal  vewel 
supplies  the  internal  organs  and  the  foot 
Biriaqgeflsents  aie  occasionally  seen  oa 
the  great  vascular  tnniks  in  the  con- 
chifera,  as  here  figured  by  Poli  on  the 
great  aortal  trunk  of  the  tMiitrs  cAton^at 
some  distance  from  the  ventricle.  Simi- 
lar deveh^oients  on  the  great  vastnilar 
tnmka  are  met  with  in  other  'moUtitoooi 
classes,  especially  in  the  gasteropoda  and 
the  cephalopods.  In  the  spondylus  the 
blood  distributed  on  the  mantle  is  brought 
back  by  two  lateral  veins  to  the  two  auri- 
cles, without  havint^  passed  through  the 
branchi»,  and  indeed  this  ciliated  organ, 
the  mantle  of  oonchifera,  is  almost  s 
respiratory  apparatus,  by  its  high  def;reo 
of  vascularity,  its  cilia  especially  on  its  fim- 
briated marginal  parts,  and  by  its  extoa* 
sivc  exposure  to  the  sunronndiag  elemcat 
The  same  direct  |>as«!ip:p  of  the  venous 
trunks  of  the  mantle  into  the  two  distaot 
auridet  of  the  heart,  in  the 
described  both  by  Poi.i  and  by  ChuJI, 
and  is  figured  in  these  large  plates.  So 
that  the  sanguiferous  systeiii  ol  these  con- 
chiferous  animals  does  not  form  a  coni' 
plctc  double  circulation,  the  whole  of  the 
venous  blood  of  tlie  system  not  being  sent 
through  the  gills ;  and  it  bias  been  ob- 
served by  TuKviRANbs,  that  u  jiait  of  the 
arterialized  blood,  returning  froia  the 
branchiae  by  the  branchial  veins,  is  seat 
through  a  soft  pulpy  organ  considered  as 
a  kidney,  before  it  reaches  the  auricles  of 
the  heart.  This  organ  receiving  a  por- 
^n  of  the  blood,  according  to  Trevi* 
RANUB,  directly  from  the  Ijranchla',  be- 
fore reaching  the  heart,  to  be  distributed 
throi^h  the  system,  was  considered  kf 
B0JA.KV8  as  a  siqppkmentary  respiratory 
organ,  receiving  n  part  of  the  bloo<l  of  the 
system  on  itti  way  to  the  gills,  wi^de  Van 
DBR  HoBVKN  regards  it  as a  receptsdclor 
the  blood  going  to  the  gills,  like  the  lateral 
branchial  hearts  of  the  cephalopotis,  sa*^ 
the  lateral  branchial  sinuses  of  the  cm* 
tacea. 

There  is  (generally  a  greater  sinaplicitjf 
ol  outward  general  form  in  the  sanguife- 
rous apparatus  of  the  inhabitants  ef  ^Vj^ 
valve  spiral  shells  than  \vc  have  seen  i" 
that  of  the  conchiicra,  but  thcjre  a  ^ 
greater  perfection  orc^horation  of*U^ 
|)arts  of  this  system  in  this  higher  class  0* 
niolluscous  animals  than  in  nny  of 
ucephula.    In  the  gasteropads  we 
annuals  possessing  the  most  diversifte^ 
forms  of  the  body,  and  respiring  hy  verj' 
dilTerent  organs  and  means,  ^oi^e 
inhabitants  of  the  fresh  waters,  sonw  oi 
the  sea,  and  some  breathe  atuiospbei'C 
iiir  iipnn  tiic  la:n;] ;  vet  it  is  rnnai  kidUtt'O 
obaci  vc  tiic  uuusiilcucy  ol  the  siaJt'lo  IB* 
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single  condition  of  the  heart,  and  its  uni- 
formity with  regard  to  the  exUtence  of 

otie  auricle  and  one 
vcntrirlr.    This  is  not  a  njorc  simple  or 
inferior  8ti-ucturc»  when  examined  in  de- 
tail, than  that  of  the  vascular  system, 
which  we  have  seen  in  the  conchifera. 
The  two  separate  portions  of  the  auricle 
of  the  conchifera  are  hero  alnwat  always 
more  oonveniently  appraorimated  and 
united  into  6nc  in  the  ga-tcrojinds-,  than 
they  conid  he,  from  the  position  of  the 
gills,  in  the  fbrmer  class.  The  blood, 
which  has  circulated  through  the  syslem 
of  the  gasteropods,  is  collector  hy  ymm<^- 
rous  aiiHatoinosing  veins,  and  propelled, 
as  in  the  conchilera,  thfongh  the  respiiu- 
tory  organs,  whether  they  be  in  the  form 
of  pectinated  laniins  endCNMd  in  the 
cavity  of  the  mantle,  or  branebial  tufts 
exposed  on  the  surface  of  the  body,  or 
air-sacs  concealed  beneath  the  mantle,  or 
fringed  margins  extending  round  the  body. 
From  these  reepiratory  organs,  thfoogh 
which  the  x'enotis  blood  of  the  system  is  * 
freely  circulated,  it  is  collected  by  the' 
branchial  or  palmonary  veins,  whicfc  lead 
it,  most  generally,  to  a  single  thin  auricle, ! 
but  distinctly  musculnr,  an<l  often  exhi- 
biting in  its  interior  even  iiiiiuute  fleshy  > 
oohunns ;  hnt  never  so  thick  and  oohim- 1 
Tiar,  or  fasciculntod  in  its  iinri  'fcs,  as  we ' 
sec  the  white  muscular  vcuti  teic,  which, 
as  well  as  the  anride,  is  provided  with 
more  complete  valves  than  we  see  in  in- 
ferior classes.    The  ventricle  of  the  gas- 1 
teropods,  for  the  niost  part,  has  an  augu-  j 
lar,  and  often  a  triangnlar  or  pyramidal  j 
form,  like  that  so  com'tion  in  fishes,  and  t 
along  with  the  auricles  is  enclosed  iu  aj 
distinct  pencardlom.  Thiy  ventricle  Is! 
siTielf'  t!ir(:i>iQ;liout  thc  class,  and  Drnpols' 
the  biood  tlirough  the  system.   Although  1 
we  set-,  as  a  normal  character  of  these  | 
gasteropods,  that  the  blood  eollected  from 
the  system  is  conveyed  through  thc  gills, 
and  from  tlus  is  brought  into  a  single 
anride,  and  thenee  into  a  tinKle  ventricle 
to  he  ])ropcllod  thioug'h  the  system,  there 
are  ntany  modifications  of  this  general 
plan,  which  point  out  nflnltlea  both  widi 
the  inferior  and  with  the  higher  fomil  of 
molluscous  animals. 

The  arterializcd  blood,  returning  IVotn 
the  t^'o  long  pectinated  branchis  in  thc 
halinfis,  is  conveyed  by  the  two  branchial 
veins  to  two  lengthened  auricles  placed 
on  the  left  side  of  the  body.  These  two 
auricles  very  much  resemble  in  form 
those  of  most  of  the  corichifera,  and  they 
pour  their  blood  into  each  side  of  a  length- 
ened fflsiform  ventricle  placed  between 
them,  provided  with  stroncr  nm-rnlar  pa- 
ries and  desby  columns,  and  conipietely 
tnmmnding  the  IntettfaM^  'wMch  parses 


through  it  in  this  gasteropod,  as  wc  see  so 
commonly  in  the  bivalved  mollusca.  The 
ventrkfo  of  the  heart  appears  like  an  en- 
larged portion  of  the  rectum,  to  thr  -ides 
of  which  the  two  auricles  are  attached. 
All  these  cavities  of  the  heart  are  eii« 
closed  in  a  distinct  pericardium.  It  is 
from  the  posterior  extremity  of  this  per- 
forated ventricle,  thc  end  which  the  in- 
tesUne  Urst  enters,  that  we  see  the  great 
aortal  trunk  given  out  in  the  haliolis-  \  and 
this  aorta  passes  suddenly  inwaiUs,  at 
right  angles  to  the  heart,  to  give  large 
branches  to  the  abdominal  viscera,  to  the 
round  muscle  of  attachment,  like  that  of  a 
sj)oadylus  ur  an  ostrea,  which  lixcs  tlic 
animal  to  its  convex  shell,  and  then  the 
vessel  is  directed  forwards  tn  vtipply  the 
parts  of  the  head.  This  forms  the  nearest 
approach  to  flie  omidiiferoos  mode  M  dr* 
culation  met  with  in  the  gasteroiK>ds.  A 
similar  division  of  th?"  aiiricle  wan  shown 
by  PoLi  iti  tiic  cinion,  and  the  saiuc  aU  uc- 
twe  is  seen  in  the  fisturella  and  emargh 
nvfa.  Thh  passage  of  the  intcstinr>  thrmi:'h 
thc  heai  t,  so  constant  in  the  oouchiteia, 
and  which  we  see  in  several  of  the  gaste- 
ropods, both  testaceous  and  naked,  may 
bo  ft  moans  of  adding  further  nutriment 
to  the  biood  by  exostose  tluougli  the 
intestine  wlierc  the  absorbent  system 
is  HO  imperfectly  developed ;  or  it  may 
afibrd  a  means  of  excreting  some  material 
from  that  fluid  into  this  anal  portion  of 
the  intestine,  before  it  is  distributed  for 
the  nourishment  and  repair  of  all  jjarts  of 
thc  body  j  and  it  is  very  obvious  that  the 
constant  contractions  of  the  muscular 
vcntriv"lo  surrounding  this  inert  part  of 
the  intestine,  generally  charged  with  the 
residue  of  digestion,  mtist  mechanically 
assist  the  jjassage  of  that  matter  through 
the  canal.  The  rectum  is  enveloped  by  the 
auricle  in  the  rfom,  but  it  pierces  thc  ven- 
tricle in  the  /insurella  and  the  emarginula. 

Tlie  single  auricle  and  ventricle  which 
we  find  in  most  of  the  gasteropods,  ai-o 
sttnated  near  to  the  respiratory  organs 
from  which  they  receive  the  aerated  blood, 
and  their  position  in  the  animal's  body  is 
therefore  chiefly  dependent  on  the  situa- 
tion of  these  most  variable  and  ubiquitous 
organs.  These  ai'e  the  most  influential 
organs  over  the  forms  of  the  vascular  sys* 
tem,  and  they  vary  so  mnch  in  their  form, 
position,  anrl  nature,  in  the  gasteropods, 
that  the  subdivision  of  this  very  extensive 
and  interesting  claas  into  orders,  is  found- 
ed on  the  characters  presented  hy  these 
mutable  ro^pimtory  organs.  In  the  naked 
tritonio',  the  branchiae  are  extended  along 
the  sides  of  the  upper  part  of  the  body, 
HTid  the  heart  is 'placed  between  them  in 
the  middle  of  tho  back,  from  which  the 
^at  aor^  trunki  passing  forws^s,  sud- 
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denly  divides  into  tbr«e  principal  brauche^  < 
the  posterior  going  to  the  genital  organs, 
th«  middle  brwicb  to  the  (iigcstive,  and  the 
anterior  Urge  truok  to  the  muscular  and  • 

sensitive  organs  on  the  fore  and  lower 
parto  of  the  body.  Now  iii  the  pectiui- 
DTBiKAiate  gasteropods,  wbich  {nliabit 
turbinated  spiral  shells,  the  generative  and 
intestinal  Qiiitices  ai-e  placed  on  the  right 
sido  of  the  body,  wbllo  the  cmal  of  tfao 
shell,  the  respiratory  syphon  of  the  man- 
tle, and  the  branchite  themsclve?,  arc  situ- 
ated on  the  left  aida  j  aud  ai>  the  imai  t  is 
always  placed  dove  to  the  hate  of  the 
branch  ire,  so  as  to  receive  by  one  great 
branchial  vein»  opening  into  the  auricle, 
all  the  aerated  blood  to  be  lentbackwarda 
and  forwards  through  the  system  by  one 
ventricle  aud  one  aortal  trunk,  we  hud 
these  cavities  of  the  heart  situated,  like  the 
bpan<dil»,  on  the  left  tide  of  the  body,  and 
not,  as  stated  In  MECKBL,  on  the  right  side. 
This  structure  of  the  pectinibranchiate 
gaateropods,  you  observe  in  these  large 
coloured  drawings  of  the  common  bucci- 
numundatum  itig.  g  h,  Vol.  I.  p.  475), 
M'here  two  pectinated  branchise  of  unequal 
side  of  the  respiratory  aai^  pad  at  their 
size  {Fig,  Z,  g)  like  those  on  each  side 
of  the  nautilui  among  the  ccphalopods, 
swe  seen  widiin  the  left  bate  the  thui 
small  angular  auricle,  slightly  marked  with 
fleshy  hands,  which  receives  the  blood 
from  the  branchiae  hy  one  orifice,  and 
transmits  it  to  a  very  thick  muscular 
round  ventricle  [Pkj-  A),  marked  in- 
ternally with  strong  ileshy  prominent 
columns,  and  having  two  distinct  semi- 
lunar folds,  forming  the  iisnal  auriculo- 
ventricular  valve,  in  the  situation  of  the 
mitral  of  mammaUa.  The  single  aorta 
proceedingfrom  this  ventricle,  immediately 
divides  into  several  largo  trunics,  going  for- 
wards to  the  o^30|>hs4;us,  upwaitU  to  the 
large  muciparous  follide«»  and  backwards 
to  the  digestive  and  generative  organs. 

in  the  doruiy  one  of  the  naked  dortibran- 
di^te  gasteropods,  the  heart  is  placed 
on  the  posterior  part  of  the  back,  in  con- 
sequence of  the  branchial  tufts  having  that 
dorsal  situation  around  the  anus.  The 
venous  blood  of  the  system  is  collected  and 
transmitted  by  three  great  branchial  arte- 
ries into  the  respiratory  gills,  from  which 
it  passet  into  a  cresoentic  auride,  dis* 
posed  around  thn  rectum,  which  thus  ap- 
pears somewhat  in  the  condition  so  com- 
mon among  the  conchifcra,  where  this 
part  oi  the  intestine  is  surrounded  by  the 
ventricle.  The  short,  broad,  round  mus- 
cular ventricle  of  the  doris,  is  placed  be- 
fore the  auricle,  aud  transmits  the  arte- 
lialized  blood  by  a  large  median  aortal 
trunk,  forwards,  along  the  back,  to  the 
liead|  giving  numerous  bfand^es  in  its 


passage,  to  the  liver,  the  iiUcatlne,  the 
genit^  and  other  organ^.  Utom^mrf- 
ing  nwBeroiis  intorsticw  %el«ee» 

rauscmiar  bands  placed  asound  the  two 

vena;  cava?  of  the  apl^Mta,  Cuvier  ima- 
gmed  there  was  a  free  smd  extraordinary 
cowawmieatiea  be^eea  tbe  inteinor  Of 
these  great  systemic  veins  and  the  ge- 
neral  cavity  of  the  peritoneum  ItniDg 
the  abdomen,  and  an  amdogoas  stme* 
ture  has  been  ascribed  to  the  great  sys- 
temic vein  of  the  navtlhc8\  but  Mkckbl^ 
III  uuuieious  liuge  recent  a|>^y«i<«,  as  well 
as  in  specimens  preserved  la  ^rit,  bai 
constantly  found  the  inner  serous  lining 
of  these  veins  entire,  so  as  to  aUow  of  ae 
anomalons  passage  of  blood  from  tbesi 
into  the  ca\  ity  of  the  abdomen  b€t\ve«n 
the  exterior  muscular  bands,  which  bandi 
do  not  even  belong  to  the  thin  delioils 
veins,  but  to  the  surrounding  muscular 
parta.  The  heart  of  the  apli/sia  [Fig.  158, 
m»i»,yol.  U.  p»  71Uj,  which  is  one  of  tbe 
teetibrancbisAe  gaatevopods,  with  tbe  giKl 
placed  on  the  right  side  of  the  body  {Fig. 
158,  kt  i),  we  observe  to  be  placed  ueaier 
to  the  posterior  than  the  anterior  paitif 
the  animal,  and  on  the  right  side.  It 
consists  of  a  wide  round  auricle,  and  a 
pyriform  thick  muscular  ventricle,  lil^o 
thatof  many  fishes.  These  i«  •lengtbeaeii 
enlargement  on  tbe  great  aortal  trunk  of 
the  aplysia,  in  the  situation  of  the  ordlairf 
bulbous  arteriomis  of  vertebrated  ainiatfab 
which  here  extends  on  to  the  commence^ 
ments  of  the  hepatic  and  gastric  arteries, 
and  traces  of  this  aortal  eolargemeot  wc 
have  already  seen  in  tlie  coitohiliMra. 

The  circulating  system  nf  th  e  ])tcropo(is  i§ 
similar  to  that  of  the  gastoi-opods  in  tbe 
structure  and  position  of  the  heart,  aud  ai 
the  general  distribution  of  the  bloodvessels. 
In  the  c/io,  the  hijalo,  and  the  pneumodtf* 
moiif  tbe  blood  atter  passing  througb  thS 
branchia;,  situated  externally.  Is  oollsctsd 
by  tbe  branchial  veins,  and  conveyed  to  a 
single  auricle  and  a  single  ventrkle,  to 
be  sent  through  all  parts  of  tito  system. 
The  heart  is  generally  on  one  side  of  the 
abdominal  viscera,  hein!»  on  theleiiia  tb« 
cliOf  and  on  thu  right  in  tiic  pneutMdertiM 
and  the  hyale.  Now  Chiajb is  notcorrect 
in  stating  last  year  (1832)  that  Ct-vir* 
had  found  two  aortic  hearts,  separata! 
from  eadi  other  in  the  jM«inNO(fernMNi» 
you  will  ohserve  that  Cuvieb  has  notonlf 
described  the  single  heait  of  this  sat' 
mal  in  his  meuioii-,  and  given  aefUm 
figures  of  its  stniotttre»  but  he  has  even  sflf 
duced  the  circumstance  ut  its  bttviug  S 
single  heart,  as  a  proof  that  this  vem*^ 
able  mdlusoous  ammal  cevld  not  be  aUitd 
to  the  cepbalopods,  where  tiie  muscidar 
cavities  in  the  sanguiferous  syiltiu 
mjore  nun^efrous. 
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IN  THE  MOLLVSCOUS  CLASSES. 


In  the  class  of  cephalopods,  the  highest  of  a  black  or  grayoplour;  they  have  thick 
of  the  raoUnscous  classes,  the  circulating  fleshy  parietes  in  ttie  naked  cephalopods, 
sytteini  at  flnt  view  apjiean  TenwilcBble.  but  ^heir  place  is  supplied  in  the  nautibu 
The  auricle  in  the  naked  cephalopods,  as  by  a  simple  round  membranous  enlarge* 
in  the  conchiferous  animals,  is  divided  nient  on  each  of  the  branchial  arteries, 
into  two  portions,  each  of  which  has  pre-  surrounded  by  the  usual  cellular  vesicle^ 
cisely  the  same  function.  The  two  to-  and  provided  with  the  usual  valves  at  tM 
aether,  situate  near  the  mid  Ho  of  the  ah-  orifice  of  the  branchial  artery.  The  fiinc- 
damiual  ^avity,  receive  tlie  venous  l^lood ,  tion  of  these  two  brancl^  auricles  is  to 
of  the  whole  syttein.  They  are,  therefore,  collect  and  propel  the  veiDWQt  &>od  of  the 
analogous  to  the  right  auricle  of  the  whole  body  through  the  two  lateral  internal 
heart  of  the  vertebratcd  animals.  They  respiratoryorgans,  which  are  laminated  ana 
do  not  receive  the  blood  from  the  re-  pectinated  gills  in  the  cephalopods,  an(| 
spifatory  organi,  and,  therefore,  tbey  are ;  there  are  usually  valves  at  the  origin  o^thQ 
not  analogous  to  the  left  auricle  of  the  branchial  arteries  from  these  auricles.  The 
vertebrata.  The  venous  blood  of  the  sys- ,  gills  in  the  naked  cephalopoda  are  two  iu^ 
tern,  retaming  by  a  great  superior  vena  number,  and  the  braQchwl  artei^  '^^V 
cava,  is  conveyed  towards  the  central  alon^  their  fixed  or  dorsal  margins.  In  f^f 

E art  of  the  mantle,  where  this  great  vein  nautdus  they  are  four  in  number,  two  lafg^ 
ifurcates,  and  receives  two  smaller  lateral,  and  two  small,  which  have  four  distii^c^ 
veins,  dn  each  side,  the  two  portions  of  branchial  arteries  and  branchial  enhvrge- 
those  veins  are  directed  laterally  to  the  mcnts.  We  thus  observe  that  there  is  a 
base  of  the  gills,  where  tbey  unite,  and  slight  difference  in  the  mode  of  (\istr4biiti(m( 
eater  two  mutcnlar  cavities  provided  with  of  the  venons  Uood  towarfb  fhose  respira- 
distinct  valves.  Tn  the  course  of  this  tory  organs  in  the  naked  and  testaceous 
great  superior  venous  trunk,  both  before  cephalppo^s.  }n  the  a^itt/tVasthere Is  a  slight 
and  after  it  has  bifurcated,  Its  parietes  are '  enlargement  at  thejonction  of  the  superior 
siUTOUnded  wMi  glandular  cellular  \c-  with  the  inferior  cava;.  From  this  en- 
sides,  which  open  freely  into  their  in-  larged  portion  of  the  great  systemic  vein 
terior,  and  which  we  cau  inject  or  inflate  which  is  extended  ti'ansversely  towards 
by  Hiiewing  liquid  matter  into  the  tnmlcs  |  the  vesicular  sacs,  we  o^erve  In 
of  the  veins,  or  inflating  the  vessels  with ,  the  two  trunks  of  the  branchial 

air.  Those  organs  which  open  so  freely  i  arteries,  on  each  side,  which  convey  the 
into  the  cavity  of  the  four  ]>rincipal  veins!  blood  to  the  respiratory  organs.  Frpm 
in  their  way  to  the  branchial  sacs  or  those  very  extensive  respiratory  orgaa^  id 
hearts,  have  been  regarded  by  some  as  all  the  ceplialoi)ods,  the  blood  is  convoycn 
the  analogues  of  urinary  organs,  destined '  by  branchial  veins,  very  wide  in  their 
to  separate  some  excremeatitious  fluid  |  middle,  which  run  along  t)ie  exterior  free 
from  the  blood,  or  as  rc«|)iratnvy  organs  margins  of  the  gills,  to  a  great  systemic 
to  aerate  that  fluid}  while  others,  as  Cu-j  muscular  ventricle.  We  see  this  same 
vitn  and  Carus,  have  supposed  they'stmctare  in  the  ntmiihty  after  the  ve-> 
were  rather  destined  to  absorb  something  i  nous  blood  has  been  propelled  through 
to  a<ld  to  the  blood;  and  Meckei,  thinks 'the  innumerable  capillaries  of  the  hran- 
they  are  the  rudiments  of  a  portal  vein,  j  chial  arteries  spread  upon  those  fpur  inir 
The  use  of  these  appendices  of  the  greatlnutely  subdivided  respiratory  oi^ns;  it 


venous  trunks,  as  well  as  those  remark- 
able appentjices  of  the  lateral  auricles,  is 
unknown,  ndtWlthstanding  the  number 
of  conjectures  to  which  they  have  given 
rise.  The  appendices  of  the  lateral  hearts 
have  been  found  by  Meckel  to  present 
eadi  a  small  intainal  cavity  commnnicating 
bya  minute  orifice  with  the  cavity  of  the 
auricle  to  which  it  is  attached.  He  is  rois- 
talcen  instatingthatCvTismhas  altogether 
ovcrloiik.  d  these remai'kable  apjiondii  t  s  in 
his  memoir  on  the  cephalopods,  for  CuviEa 
has  accurately  described  them  in  his  ac- 
count of  the  aepia  in  that  qnemoir.  They  are 
not  found  in  the  lolif/opgttg,  octopxt!i,navtiluH, 


is  collected  here  into  two  great  venous 
trunks  on  each  side,  one  belonging  to  each 
gill,  which  venons  trunks  occupy  as  usual 
the  anterior  free  floating  margin  of  the 
gills,  and  continue  backwards,  to  enter  the 
long  transverse  muscular  systemic  heart. 
The  iiranchial  veins  enter  this  lys^ipic 
heart  or  ventricle  in  diflerent  poslw^nit  |^ 
different  species  of  cephalopods.  ,  j . 

In  the  sepia,  in  tpe  octopus,  in  ^ 
loligo,  the  heart  is  nearly  ti  uisvorse,  and 
they  enter  it  towards  the  two  ends.  In 
the  loligopsus  the  ventricle  has  a  length- 
ened form,  a  fusiform  shape,  and  a  longi- 
tudinal diiK  lion,  and  the  branchial  w'wxs 


though  they  form  large  appendices  in  the  enter  its  two  sides  towards  its  autcrior 
tepfa,  loiiffo,  mA  »epMa.  The  IwlMbral )  broader  extremity,  its  lengthened  form 

hejii  t^  or  i)()i-tinns  of  the  divided  auricle  being  longitudinal.  Most  frequently,  how- 
are  differently  coloured  from  the  othcrlcvcr,  in  the  cepha|oi>ods  its  lengthififie^ 
musculo-  parts  of  the  body,  bebfg  often  1  fo|pa  |^  U'i^)8yj^'f«|^  |f  ^fpu  <)^se^^ 


I 

Digitized  by  Google 


DR.  WALLACE  0^  ▲  Oi^ 


r  Utile  sepiola.  In  the  scpiola  you  will 
Observe  that  althoagh  the  ventricle  is  di- 
l"cctpd  transversely,  the  branchial  vein  on 
the  left  side  enters  the  extremity  of  the 
litnurt  St  fbnt  sfde,  Irat  the  branchial  vein 
on  the  right  3uIq  ascends  and  enters  the 
heart  near  the  middle  of  its  anterior  mar- 
gin. The  great  systemic  arterial  trunks 
come  off,  both  anterioriy  and  posteriorly, 
from  this  great  ventricle,  to  he  sent  through 
the  whole  body.  This  ventricle  is  well  pro- 
vided -with  semilunar  %*a1vc8,  two  of  which 
arc  found  at  the  entrance  of  each  bran- 
chial vein,  directed  inwards,  to  prevent 
ttie  escape  of  the  blood  into  these  vessels 
during  the  contraction  of  the  heart,  and 
two  semilunar  valves  are  seen  at  the  com- 
mencement of  the  great  aortal  trunk, 
which  Mbckbl  says  Cvvnn  has  not  men- 
tioned, although  Ci  viKR  has  both  de- 
scribed them  and  figmed  them  in  his 
l^ites.  This  aortal  trunk  passes  upwards 
a&d  backwards  from  the  ventricle,  and  is 
continued  along  the  mifldle  of  the  back  to 
the  head,  giving  oft  numerous  branches 
in  the  abdomen  to  the  digestive  organs 
and  the  muscular  j)arts  ;  and,  forming  a 
circle  around  the  base  of  the  muscular 
arms,  it  sends  olF  a  branch  to  each,  which 
passes  ran)if3ring  along  the  whole  central 
cavity  of  the  arm.  The  l)ulbous  arteriosus 
is  distinctly  fornjcd,  both  ia  the  naked 
cephalopods  and  in  theiMmlMw  on  the  eom- 
mencenicnt  of  this  largest  arterial  trunk, 
which  comes  from  the  systemic  ventricle 
tD  fupply  all  the  anterior  parts  of  the  body. 
It  even  assumes  the  pyriform  shape  most 
common  to  that  muscular  and  contractile 
part  of  the  artery  in  fishes.  Two  other 
arteries  are  commonly  given  off  from  the 
systemic  ventricle,  one  of  which  is  distri- 
buted on  the  genital  organs,  which  occupy 
the  bottom  of  the  abdominal  sac;  aud  the 
other  artery,  after  giving  some  small 
branches  to  the  intestine  and  the  pcri- 
toneun),  passes  on  to  tlie  anterior  parictcs 
cf  the  abdominal  sac,  to  supply  its  strong 
muscular  layers.  So  that  we  find  hut  two 
of  the  cavities  of  the  human  hciut,  an 
aioMcle  and  a  ventricle,  yet  deveIo])cd  in 
the  cephalopods,  the  highest  of  all  the  in- 
vertebrated  forms  of  animals,  nltliough 
this  auricle  is  again  divided  into  two  por- 
to  suit  the  lateral  and  distant  position 
<V%e  respiratory  organs,  as  we  saw  before 
mUdmost  all  the  inhabitants  of  bivalve 
ah^.  And  in  tracing  upwards  to  the  hnman 
sanguiferous  system,  from  the  lowest  tribes 
of  animals,  we  find  bloodvessels  already 
developed  in  the  radiated  classes,  a  ven- 
tricle in  the  arlicnlata,  an  auricle  added  to 
this  in  the  mollusca  and  the  fishes,  a  se- 
cond auricle  developed  in  the  amphibia  and 
the  reptiles,  and  a  second  ventrusle  in  the 
^^'^  *tes  and  the  bot-hlodded  vertebrat  a . 
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Gentlemen, — We  have  had,  in  the 
course  of  tlic  last  few  days,*  two  disloca- 
tions oi  the  hip  ;  one  on  the  pubis  in  a 
female,  and  the  other  into  the  obturetor 
foramcn  in  a  male.  We  have  also  had 
this  week  three  dislocations  of  the  huuic* 
rus ;  two  in  males,  and  one  in  a  femsk. 
But,  before  I  enter  on  the  consideration 
of  these  cases,  I  wish  to  call  your  atten- 
tion to  a  connected  view  of  the  appear- 
ances exhibited  by  the  dislocation  of  du 
hip  which  we  dissected  a  few  days  ago, 
and  which  now  lies  beiore  you.  This  ^ill 
be  best  done  by  reading  tne  notes  taken 
at  the  time  of  dissection,  and  ui}on  dMD 
I  shall  make  some  concise  remarks. 

As  this  dissection  was  afl'ordcd  by  a 
subject  accidentally  brought  into  my  (til* 
secUng'rooin,  nothing  is  known  oi  tlw 
history  of  the  case  ;  but  the  state  of  the 
parts  engaged  leaves  no  doubt  that  it 
must  have  been  many  years  since  tbe. 
bor.c  h.ul  ])ccn  di^;locn.ted ;  and  fioni  the 
appearance  of  the  subject,  it  may  be  coa- 
eluded  that  he  ^^°as  not  less  than  fif^ycan 
of  age. 

The  various  oljecta  worthy  of  attention 
in  the  dissection  may  lie  flawH 

the  following  heads: — 

1.  The  external  conformation  of  tke 
Umb. 

2.  The  motions  of  which  tluj.' 
peared  to  be  susceptible.         ■  , 

3.  The  state  of  the  muscles  of  Ilie 

4.  The  state  of  the  vessels  and 
Tlie  state  of  the  ligaments. 

6.  The  state  of  the  bouesi  and  ofths 
articular  c^rtibiBet.        ;  .  ,  ^jl,* 

♦  This  lecture  wan  uiinlaEd  ilurinp  Ihr  woffc  to 
wUicb  it  IMS  oriiiaalh  <lMigiK<l  lur  mtikntkmr* 
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LECTURE  XLIX. 
ON  THE  SANGUIFEROUS  SYSTEM  IN  THE 
VERTBBRATED  CLASSES. 

As  the  fountain  of  all  nourislraient  and 
of  ilcvelopmont  is  the  hloo<l,  ilic  pccu- 
iiarities  of  the  sanguiferous  sj  atem  iu  the 
different  classes,  and  the  laws  which  re- 
gulate its  (liatribntiou  in  different  animals 
and  in  different  paits  of  the  body,  jnuit 
involve  the  chief  mystery  of  animal  deve- 
lop hum  it  and  of  aulmal  forms.  The  various 
conditions  presented  by  this  syf5t?m  in  the 
vertebratcd  clasites  are  but  *he  links  of  a 
continuous  chain  of  developments  extend- 
ing fto:n  the  lowest  ani m:\Iculos,  raid  the 
vascular  s)  Btcni  of  man  panics  through  all 
these  phases  of  develo;)mcnt  before  ar- 
rivi:ii;  at  its  perfect  state,  so  that  we  cannot 
ffilly  perceive  the  relat'cus  of  a'  y  part  of 
tbi«  general  process  v.ithout  a  kaowkilgc 
of  the  whole.  As  tlie  sanguiferous  systems 
of  tVio  n<!i  Ml  (1  tlin  rnptile  are  but  difT.  i  Oi\t 
stages  of  the  deveioircout  of  those  of  the 
bird  art  1  the  qtiadrup  1,  it  is  bf  a  know* 
ledge  of  the  former  that  we  can  Itest  com- 
prehend the  vnrio:t:s  ronilitiuns  (^f  tlio  lat- 
ter, and  man's  (levelupment  can  thus  be 
atudied  without  as  well  as  within  his  bod,v. 

The  lowest  verfcbiMtc  condition  of  tlio 
vaifcuhr  system  is  that  prcseutcd  by  the 
fiishes,  and  wc  have  heen  gradually  led  to 
this  condition  hy  tracing  tuL*  development 
of  \u  sepHvarc  parts  throughout  the  inver- 
tebrated  classes.  TIjc  cireulatint;  system 
of  the  adult  fish  is  that  of  the  young  tad- 
pole, hut  >o  similar  arc  the  for:in  thio:ip;h 
vrbich  this  system  passes  iu  all  the  vcrte- 
Imted  datses  that  we  maj  look  upon  the 
fishes  as  permanent  larva*,  not  lu  l  i-My  of 
amphibia,  btit  of  a!!  the  higher  animals 
and  m.an.  Fishes  ihovl-  and  breathe  in  a 
dtnse  element  where  the  material  is  scanty 
to  oxygenate  the  wlood,  yet  tlioy  require 
rapid  and  extensive  aeration  from  their 
high  development,  their  muscvlar  force, 
and  their  high  position  in  the  scale  ;  hence 
those  nnuihle  nr-riTis  the  giUs,  through 
which  thcu  wiiuk  blood  must  pass,  are 


placed,  not  behinJ  the  heart  as  in  tlic  slow- 
creeping  moliu:»ca,  but  before  it,  to  beneHc 
by  its  impuUo  iu  the  important  function 
of  respiration.    We  have  seen  that  ttie 

slow-raovinj;  gastcropod  requires  a  com* 
paratively  complicated  and  a  powerful 
heart  to  propel  the  blood  through  the 

labyrinth  of  its  Vmguid  frame,  wlille  its 
exposed  ciliated  gills  arc  bathed  inces- 
santly in  the  surrounding  element,  so  that 
they  require  no  uul  from  the  heart  for 
their  indilforent  respiration,  but  all  ita 
energies  to  circulate  nounshtnent  and  life 
through  their  languid  system.  Tlie  fish 
has  still  the  simple  bilocular  heart  and 
the  gills  of  the  moUusca,  but  by  trans*- 
posing  these  orgaas  the  whole  energy  of 
the  heart  is  added  to  the  respiratory 
organ?,  and  the  power  of  tlu^t  respiratoiy 
function  is  doubled.  Indeed  a  respiratory 
organ  is  hut  an  artery  ramified  where  its 
capillaries  may  best  reach  the  o'ltwanl 
element,  and  that  vessel  may  be  a  twij^ 
or  a  branch,  or  the  whole  trunk  of  the  ar« 
terial  system,  as  it  is  with  the  fishes.  The 
highly  developed  muscular  systent  of  the 
whole  body  of  fUhes  is  to  them  a  systcuiic 
heart  which  keeps  their  aerated  blood  in 
rapid  movement  through  every  part,  and 
the  active  period  of  the  amphibia  is  their 
tadpole  state,  when  they  also  require  no 
separate  systemic  heart  to  impel  the  vital 
currents  throir^h  their  body.  The  blood 
of  fishes  is  liiore  red  and  fibrinous  aud 
coagidable  than  in  the  invertebrated  clas« 
ses,  but  circulates  so  sparingly  through 
the  system  that  thcii'  viscera  are  pale  and 
their  mnsrles  w*hitc,  and  it  is  still  cold 
from  t!u  ir  limited  rcspir.'.ticn,  their  whole 
inferior  development,  and  the  limited 
energy  of  all  tbeir  chemical  functions. 

Tile  venous  i^  collected  from  the 

anterior  and  posterior  parts  of  tiie  body 
by  two  great  vena;  cava:,  which  generally 
unite  and  enlarge  to  form  a  sinus  venosus 
bL'twceutlic  tcritlinnus  diiiphrngni  of  fi:r)he?, 
and  the  proper  aurielc  of  the  heart.  The 
heart,  situated  far  forwards, under  thehead, 
and  between  the  anterior  terminations  of 
the  branchi-j!  nr -h;  ;*,  is  enclosed  in  a  thin 
pericardium,  wliich  embraces  al^o  that  en- 
larged muscular  bidb  at  tho  commence* 
ruftit  of  the  Vtranchial  artery,  f!i  ■  ^ulbu? 
arteriosus.  This  sinus  venosus  is  liome* 
times  capacious,  strong,  and  marked  with 
muscular  bands,  like  an  auricle,  and  there 
arc  commonly  two  cresreiiHc  valves  at  its 
entrance  into  the  auricle,  to  prevent  the 
return  of  the  blood  daring  the  contrac- 
tion of  the  wide,  thin,  capacious  auricle. 
The  whole  beai  t  is  situated  a  little  farther 
back  from  the  head  in  the  cartilaginous 
than  in  the  osssous  fishes,  and  still  fartiter 
hnvV  in  the  amphibia  mv\  the  reptiles 
aud  higher  clasves.    In  iht  uoiizoutal  pa- 
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i'Otiht  flthes  Ihe  auricle  lies  above 

the  ventricle,  or  towards  the  back,  and 
it  advaoces  more  fot"\^ai:(ls  in  the  cartila- 
giiunis  fi^eti  at  in  the  nyt  and  sbaiict 
atmn  in  the  osseous  and  inferior  fishes. 
Now  as  these  cavities  of  the  heart  arc  first 
formed  in  a  continuous  straight  line,  in 
aitB  fiihM,  ai  in  the  other  vertebrated 
Classens,  we  perceive  the  greatest  deviation 
from  the  primitive  position  of  the  auiicle 
in  the  highest  cartilaginont  iltliet»  and 
this  diffwence  of  position  marks  the  higher 
development  of  their  heart,  and  its  nearer 
uiproach  to  that  of  the  more  elevated 
cImwi^  where  it  moimta  forward  to  occupy 
the  anterior  part  of  the  ventricle.  The 
auricle  is  more  capacious  and  has  thinner 
parietes  tiian  the  ventricle,  it  commonly 
extends  so  much  transversely  as  to  en- 
"Velop  the  dorsal  side  of  the  ventricle, 
and  to  appear  beyond  it  on  each  side.  In 
the  ray  {Fig.  171,  b)  you  obMrve  tfae  au* 


ride  extend  forwards  so  as  to  overhang 
the  venfirida  and  encompass  its  dorsal 
snrfnco.  The  muscular  bands  are  obvious 
in  the  interior  parietes  of  the  auricle,  but 
tbb  wide  aac  has  not  yet  developed  liiose 
fiiaged.  marginal  extensions  which  it 
commonly  presents  in  higher  classes.  It 
is  the  first  cavity  enclosed  within  the  peri- 
oardiiuBi  aa  the  sinuf  Tenooiifl  is  between 
this  sac  and  the  anterior  tendinous  limit 
ol  the  abdominal  cavity.  The  blood  from 
HUm  large  soft  auride  enters  the  thick 
Bmoular  ventricle  (Fiff,  171,  m),  near  its 
antflBlflir  part,  where  there  are  two  strong 
Mmifailiar  valves  with  loose  £ree  margins, 
like  those  between  Ih*  auriaie  .anCthe 
sinus  venosuB.  Sometimes  this.auriculo- 
ventricular  or  mitral  valve  consists  of 
er  even  lour  parta,  but  without  txnt 


dinous  cords  toetreoglhenrtbeir  mai9D% 

excepting  in  the  cartilaginous  fishes.  The 
ventricle  is  con^pajratively.  sq9j^]iM,gei)% 
rally  in  the  oeseooafidiet  aattangwavaw 
tapering  form,  becoming  smaller  toward! 
the  anterior  opening  into  the  bulbus  ar- 
teriosus, and  in  the  cartilaginous  fishos  is 
rouudcd,  depressed,  and  expended  tnoMh 
verscly,  like  that  of  the  chelonian  reptiles 
above  them  in  the  scale.  Its  interior^ 
provided  with  very  thick  and  promineot 
fleshy  columns,  and  its  colour  is  ligfatfr 
or  paler  than  that  of  the  auricle,  aod 
darker  than  that  of  the  strong  whitamo*' 
cnlar  bulbns  arteriosus.  The  ventridali 
developed  transversely  in  the  higher  car- 
tilaginous fishes  to  prepare  it  for  the  divi- 
sion of  its  cavity  into  two  parts,  which  is 
gradually  eleeted  in  the  dnss  of  reptiles. 
At  the  opening  of  the  ventricle  into  the 
bulbus  arteriosus  (Ft^r.  e),  or  the  tbidc 
nraecular  origfai  of  tte  branchial  arteiy, 
there  are  again  two  dmple  crescentic  or 
semilunar  valves  to  prevent  the  return  of 
the  blood  into  the  ventricle,  and,  to.  suit: 
port  the  oolnmn  of  fluid  ifavtng  tike  eei* 
traction  of  this  muscular  part  of  the  bran- 
chial artery.  "SVe  observe  that  throughout 
the  oavities  of  the  heart  in  fishes  there  is 
still  this  simple  semilunar  form  of  the 
valves,  which  we  saw  in  the  cavities 
throughout  the  invertebratied  classes,  awl 
whiofa  it  found  in  the .  Wynlai  ftUiift 
the  veins,  and  even  in  the  o)iyliferoa»aiiil 
the  lymphatic  of  the 

tebrata.        .      ■  ;  m  jsoia  »dT  JwiO 

From  this  smgle  ventsicle  ofMe^fll 
blood  is  propelled  into  the  bulbus  arte- 
riosus, which  varies  much  in  its  foim  and 
magnitude,  but  has  always  thick  muscuhr 
parietes,  and  appears  generally,  from  iH 
magnitude,  to  be  like  an  additional  vwif 
tricle  piaced  anterior  to  the  other.  33^ 
larger  ronnd,  thick,  mnienlar  sac,  iMhUI 
you  observe  in  the  lophitu,  at  the  con* 
mencemont  of  the  branchial  arteries,  if 
the  bulbus  arteriosus.  That  bulbus  sc 
teriosus  we  saw  already  developed  fai.ihl 
cephalopoda,  and  traces  of  it  as  low  as  tb* 
conchil'era,  so  that  it  is  not  a  new  part  io 
the  clast  of  flahea.  It  is  the  means  prtf 
pared  by  nature  for  the  division  of  thil 
great  arterial  trunk  into  a  systenueAlld 
pulmonic  vessel  in  higher  dass^k  to  wiin^ 

Thus  then  the  bhxMi,  aMed  by  vILWl 
muscidar  cavities,  is  propelblAinltlAflfii 
single  branchial  artery  which  subdividei 
into  branches  corresponding  in  number 
with  the  gills  on  each  side.  In  all  fishsib 
and  perhaps  in  all  the  verfcebrata,  this 
artery,  appeaijs at  flnt^to,4ivide  iote  ijre 
braoehee  on  eaeh  lid^^  Intheehavkaiaaf 
the  rays,  and  in  other  cartilapoous  Bahett 
we  most  frequently  find  in  the  adult  stsis 
these  five  trunks  diitritMHtod  <v^eHchj4M* 
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to  the  branchke.    The  fifth,  in  most  osse- 
Oqs  fiHi^,  has  been  conm'ted  by  a  par> 
tial  metamorphosis  into  vessels  goini^  to 
the  head.  Thus  then  we  obaerre  there  is 
B  ^ftn|;e  in  the  Amction  uiA  detthuitioKi 
of  the  anterfor  pair  of  branchial  arteries. 
This  mctaraorphosis  of  the  anterior  pair  of 
branchial  vessels  we  observe  in  most  of 
ilie  oaaeoQS  Itobes,  but  tliere  are  four  pairs 
pcnnanciitly  retained  of  those  branchial 
arteries  coiTesponding  with  the  numbei 
of  the  gills  retained  upon  each  side  of  the 
seek .  Those  branchial  airteries  {Ftff,  171, 
e,  dy/}  soon  subdivide  to  an  extreme  clc- 
ipree  of  minuteness  upon  the  delicate  la- 
vmus  that  compose  the  gills.  We  observe 
that  the  branchial  artery,  conveying  the 
venoHR  blood  p.long  each  gill,  occupies  the 
exterior  portion  of  the  groove  of  the 
Mtanchial  arch,  and  has  beneath  it  the 
returning:  Inmirhfa]  vein,  which  we  ob- 
aerve  running  along  the  bottom  of  the 
groove  in  the  cartilaginous  or  osseous 
arches  supporting  those  gills.  Herette 
branchial  arteries  subdivide  into  innu' 
merable  minute  capiUaries  that  are  con- 
iilMiOttS  with  the  hnoichfal  vebnt.  The 
branchial  veins  (Ftff.  171,  ff,  g)  thus  re- 
inforced by  a  continued  aeccsssion  of  ca- 
pillaries are  enlarged  as  they  proceed 
backwards,  and  receiving  all  the  arterial- 
izeri  blood  from  the  frills  thry  convey  it 
into  larger  anastomosing  branches  at  the 
fNMile  pait-of  the  truftk,  which  itnmediately 
send  forwalxl  the  principal  arteries  of  the 
head.   The  great  trunk  [Fig.  1/1,  A),  con- 
stituted by  the  successive  anion  of  all  the 
tMchial  veine^  fimne  the  descending 
SOrta  which  conveys  the  blond  tlnough 
ill  parts  of  tho  back,  the  abdomen,  and 
fbe  caudal  region  of  the  body.   The  «rte< 
rhtl  branches  going  to  the  head  proceed 
from  the  dorsal  part  of  the  anterior  hran- 
chial  veins^  so  that  they  convey  forwards 
ta  nourMi  Ulese  parts  blood  newfjr  arte- 
rlalizt  d,   by  passing  through  the  gills. 
Itie   ottier  brmirhial  veins,  behind  the 
front  pair,   also  give  oS  branches  {Fig. 
171)   conveying  arterialized  blood,  and 
perfnrniinn:  the  ftinetions  of  arteries  to  the 
surrounding  pai-ts  on  the  anterior  portion 
Oi«h»%»d9r,  as  the  hewrt,  the  fiericardhim, 
the  operculum.  The  principal  tioinks,  bow- 
ever,  of  the  hranrbial  veins  {Fig  171,  r;,fj) 
continue  upwards  from  the  gills,  and  by 
their  unien  into  one-great  trunk  (JFVjT.  171| 
ii)  below  the  bodies  of  the  dorsal  verte- 
biras  form  the  abdominal  aorta,  which 
keeps  -aJong  the  median  plane  1>eneath  the 
▼ortetoal  celaibn^  in  its^  passage  back- 
wardt  to  the  coreyj?eal  region,  where  it 
hwKuaea  enclosed  througliout  its  course 
IffHtik  •IMMff  Mverging  \aMkbm  «f  Am 
vertebra. 


distnf)uting  blood  to  most  of  the  abdomi- 
nal viscera,  arises  from  the  comxnenoe*- 
Tncnt  of  this  aortal  trunk.    Within  the  ab- 
domen lateral  branches  come  off  at  regu- 
lar distances,  one  ^mt  for  each  vertebra, 
which  supply  all  the  oontiguons^  lauacidar^ 
osseous,  and  cutaneous  parts,  and  send 
down  branches  as  renal  arteries  to  the 
long  narrow  kidneys  extended  along  tile 
sides  of  the  vertebral  column.    The  aortal 
trunii  continued  single  along  the  inferior 
ring  of  the  coccygeal  vertcbric  is  situate 
above  the  vein  which  occupies  the  same 
canal,  and  it  sends  off  regular  pairs  of 
branches  passing  upwards  and  downwards 
on  each  side  to  supply  the  nrascohur  and 
other  parts  of  the  tail.   This  venous  trunk 
rnniiiiig  forwards  enclosed  in  the  inferior 
rings  uf  the  coccygeal  vertebra;,  aud  placed 
beneath  the  aorta  in  the  same  canal,  is  the 
ccrnmonccment  of  th"  vena  cava,  which 
continues  forwards  along  the  abdomen, 
under  the  bodies  of  the  vertebra  and  still 
under  the  aorta»  coUecting  the  venous 
blood  chiefly  from  the  surrounding  muscu- 
lar parts,  aud  ultimately  teruunates  in  the 
groat  sinus  venosiis  liehind  the  anride  o^ 
the  heart.  The  venous  blood  collected  from 
the  cbylopoietie  viscera  is  scut  to  be  dis- 
tributed through  the  large  and  divided 
liver,  by  a  variable  number  of  trunki 
forming  so  many  venaj  port??,  and  some- 
times the  long  iobes  of  the  liver,  attached 
between  tiie  turns  of  the  intestine,  receive 
the  venae  ports  direclljr  frK)m  the  mesen-^ 
teric  veins.    This  is  a  more  simple  form 
of  the  portal  circulation  than  we  find  in 
higher  classes  where  these  venous  trnaks 
generally  unite  to  form  one  great  vena 
porta:  before  entering  the  liver.    In  fishes, 
as  in  several  higher  classes  of  animals, 
there  is  a  renal  ))ortal  circulation  as  weU 
as  an  hepatic.   The  kidneys  extending 
along  the  whole  abdomen  to  the  head,  ex- 
terior to  the  peritcoeum  and  attach^  by 
cxllular  substance  and  vessels  to  the  sides - 
of  the  bodies  of  the  vertebra.',  receive  nu- 
merous branches  and  nearly  the  whole 
contents  of  the  great  venous  trunk  extend- 
ing forwards  within  the  upper  rin^s  of  the 
vertebrse.   This  venous  trunk  lies  above 
tlie  spinal  chord  in  the  same  canal,  and 
appears  to  distribute  through  ilio  kidneys^ 
by  numemn^j  descending  lateral  hranches^ 
the  venous  blood  which  lias  been  collecteit 
frtMn  the  dorsal  and  caudal  parts  tha 
body,  before  it  is  transmitted  to  the  vens 
cavae.    The  number  of  venous  trunks 
which  convey  the  blood  to  the  sinus  veuo- 
susv«rle«,bvtjnotCi  frequently  there  aM 
two  great  venas  cavas.    In  the  ray*  there 
are  considerable  Mouses  both  on  the  two 
vciwcttMB  nid«i  the  hepatic  veins  be- 
hind the  diaphragm.  It  has  been  imagined 
frontha^MDeuH  drcuiatiM  thOMfli  Iki 
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khlneys.  that  the ,  urine,  like  the  b^i^  is 
i^ymiM  chiefly^'fr6tn  blood  in  tbie 

km'cr  classes  of  vertebrated  aniniids. 


connec^ng  the  heart  to  thepeiicarditin,ai 

in  the  sturgeons  and  lampreyf',  appears  to 
he  a  rernnimt  of  that  connexion  of  the  heart 


In  the  perch  the  sinus  venosus  is  of  very  j  with  tlic  surrounding;  parts  ao  corooion  in 
great  size,  as  you  see  ftgoredl^CtrVrtR  in  |  the  inverteibrated  classes,  especialiy  in  in- 


his  folio  I'llaJcs  of  the  stnirturc  of  this  ani 
mal,  and  there  is  anotlier  sinus  at  the 
back  part  of  the  cranium  which  conects 
the  blood  of  the  head  before  fa^^ig  trans- 
mitted to  this  :rre;it  sinus  venosus  behind 


sects,  Crustacea,  and  other  aiticulated  ani- 
mals, and  the  cavity  of  tbepericar^am  k 
frequently  found  to  htva  a  ftee  conmiMl* 
cation  with  the  cavity  olthe  abdomen,  the 
tendinous  septum  being  perforated  by  a 
wide  opening,  so  that  the  ext^al  ele- 


the  pericaidium.   The  bulbua  arteriosus  i 

in  thts  animal  hat  the  pyramidal  form  |  ment  entering  tibe  abdominal  cavity  by 

inost  common  in  osseous  fishes,  with  strong  the  lateral  anal  orifices  might  reach  to  the 
longitudinal  and  circular  flcsliy  hands  com-  heart  in  fishes,  as  in  some  of  the  moUiu- 
poslng  its  parietes,  and  the  usual  semi-  co us  animals.    So  that  we  find  the  vasctl^ 


lunar  valves  at  its  commencement,  but 
in  the  cartilaginous  fishes  it  has  a  more 
lengthened  cylindrical  form  with  nume- 
itras  small  semilunar  valvular  folds  dis- 


lar  system  in  fishes  advanced  not  only  by 
the  development  of  a  distinct  chyliferous 
and  lymphatic  system  of  vessels,  but  also 
by  that  of  a  new  hepatic,  ami  a  rend  dr> 


posed  in  rows  on  its  inner  surface,  besides  culation  of  venous  bloo  l,  which  have  not 
the  ordinary  valves  at  its  origin.  The  ;  been  traced  in  the  invertebrated  classes, 
number  of  rows  of  these  little  valves,  and  |  We  have  already  seen  that  the  amphi- 
the  number  of  valves  in  each  row,  vary  I  bious  animals  commence  thehr  career  si 
very  much  in  the  different  cartilaginous  fishes,  having;  but  one  amncle  and  one 
fishes,  and  they  arc  often  provided  with 
tendinous  cords,  still  further  to  secure  the 


f^nlar  flow  of  the  blood  forwards  dnring 

the  contraction  of  this  thick  muscular 
tube,  and  during  the  violent  exertions  of 
these  muscular  animals.  Some  sharlcs 

have  only  two  rows,  some  have  three  rows. 


ventricle,  and  breathing  solely  by  means 
of  gills  in  their  tadpole  state,  and  sendu^ 
the  whole  of  tlieir  blood  through  those 
aquatic  respiratory  organs;  but  as  they 
advance  in  their  development  their  air- 
sacs  are  converted  into  lungs,  and  Ae 
artei  ialized  blood  collected  from  these 


and  there  arc  five  rows  of  these  small  i  breathing  organs  develops  a  little  sinuS 


valves  in  the  bidbus  arteriosus  of  the  com- 
mon skate  {Fhf.  171 «).  In  the  stmrgeon 
there  arc  Ihrcc  rows  of  valves,  two  small 
rows  near  the  ventricle,  and  a  third  row 
of  larger  valves  at  the  anterior  termina* 
tion  of  the  muscular  part  of  the  balb, 
each  row  hiivint;  four  valves,  and  all  ar- 
ranged in  regular  order* 

At  the  anterior  exti^mity  of  the  bul- 
fcia arteriosus  in  the  skate  the  thin  por- 
tion of  the  branchial  ai-tery  gives  off 


on  the  united  trunks  of  the  two  veins 
which  return  it  to  the  ventride.  As  the 
respiratory  lungs  develop  in  extent  and 
importance, this  sinus,  receivingtheir  aif: 
terialised  blood,  becomes  a  small  bat  d»- 
tinct  pulmonic  auricle,  separated  by  a 
thin  transparent  septum  from  the  systemic 
and  larger  auricle,  and  provided  like  it 
with  valves  at  its  entrance  into  the  Ten> 
trifle.  Ibis  was  observed  some  eight 
years  ago,  in  1825,  by  Dr.  Davy,  v;hea 


on  each  nde  a  short  trunk  {Fi(/.  171  c), !  dissecting  and  experimenting  on 


Vhich  immediately  divides  into  the  three 
posterior  branchial  arteries  of  tliat  side. 
The  trunk  then  continues  forwards  to 
ifte  anterior  pair  of  branchial  arches, 
where  it  gives  off  on  each  side  an- 
other short  trunk  which  soon  divides  into 
the  two  anterior  brancliial  arteries  of  that 
side.  Fi'om  the  gills  being  fixed  both  at 
their  outer  and  inner  margins  in  these 
cartilaginous  fishes,  the  arterialixed  blood 
Is  collected  from  all  the  minute  laminse  by 


toads  and  frogs  in  the  island  of  Corf^ 
and  his  observations  have  been  veri- 
fied and  extended  by  succeeding  an*- 
toraists,  especially  by  WEUEa,  who 
shown  the  same  structure  to  pervade  tlie 
lowest  percnniliranehiate  amjjhibia,  SJ 
the  proteus  and  the  axoiotl.  Nov  the 
changes  through  which  the  vascular  sys- 
tem passes  during  the  mKaTnorplio^is  of 
the  fish-like  tadpole  to  the  reptile-like 
adult  amphibious  animal,  were  long  siocS 


two  branchial  v(  ins  f(n-  each  gill.    These ;  traced  with  great  akUl  and  accuracy  by 


branchial  veins,  befn  c  they  leave  the  gills, 
give  ^  origin  to  small  arterial  vessels  to 
nourish  the  anterior  and  adjoining  parts 
of  the  body,  and  then  pass  backwards 
uniting  into  larger  trunks  to  form  at 
Senjgth  the  great  single  systemic  aorta 

^ich  supplies  the  viscera  and  ne^y  the  t    The  heart  of  the  tadpole,  Uke       ,  ^ 

^hole  tmuk  of  the  animal.  !  fish,  consists  of  an  auricle  which 


RuscoNi,  ami  the  same  curious  changes 
of  the  vascular  system  which  have  be^ 
so  often  traced  daring  the  metam^»T^olp 

of  the  amphibia,  have  more  recently  bccft 
traced  by  numerous  observers  through 
the  vertebrated  animals,  and  man  hitu^ 
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rentriclc  which  propels  it  into  a  bulbas  ar- 
teriosus (i-^'y.  172,  a  Z/j,  to  be  gent  through 
•fl  many  branchial  arteries  {Fig.  1 7  J,  r  U)  as 
tiMreare  gills  on  the  sides  of  the  head.  There 
are  most  fro^umtiy  tbrco  branchiae  on 
each  side,  aa  ben  In  tlio  nlanuader,  triim 


which  has  been  aerated  in  these  gills  is 
collected  by  a  corresponding  number  of 
branchial  veins  (/'/y-l  1/2,  which  by 
tbcir  union  form  tho  descending  aoita 
(i^.  172,  h)  alter  giving  oft'  branches  to 
tbe  bead  and  nec^  as  In  fhe  finny  tribe. 
The  trunks  of  these  bi*anchiiil  arteries 
and  veins  cotnninnicatc  by  very  niiunte 
aud  abort  canals  at  the  l)asc  of  the  gills, 
and  as  the  gills  arc  absorbed  and  disappear, 
these  cosnnniiVicatinpj  portions  widen  and 
at  length  bccoiac  parts  of  the  continuous 
inmks.  The  small  branches  sent  off  from 
the  totnchial  veins  to  the  head  also  en- 
large and  form  great  arterirs.  A  very 
small  artery  i:i  seen  on  each  side  coming 
off  from  the  posterior  branchial  arteries 
near  to  the  heart,  which  gf>  ?•)  tlie  little 
pulmonary  sacs  that  arc  begiuuing  to  de- 
velop, uud  when  the  lungs  arc  developed, 
and  the  gills  arc  lost,  and  the  branchial 
nrterics  and  veins  have  shrunic  i;i\v<<rds  to 
forva  continuous  wide  arterial  trunks  foi- 
fbe  system,  these  two  loiall  twigs  going  to 
ibe  rudimentary  air-aaci  {Fig.  172,  i) 
enlarge  in  size  and  form  the  great  trunks 
of  the  pulmonary  aitcries.  The  branchial 
Veins  conveying  arterial  blood  in  the  tad- 
pole, form  by  tlicir  union  the  descending 
aorta,  aud  we  observe  coming  off  from  the 
third  or  posterior  of  these  branchial  veins 
on  each  side,  an  artery  going  to  tlu  lungs. 
This  pulmonic  branch,  at  first  the  larger, 
diminishes  in  size  as  the  other,  from  the 
posterior  branchial  artery,  Increasea,  and 
at  length  it  nhrinks  to  a  mere  dtictus  ar- 
teriosus loading  from  each  pulmonary 
^ery  into  the  lateral  branches  of  the 
*■  '  ^~  *    '  in 


aorta.    The  first  change 


b^lif  froUtbe  boodiOon  Ol 


the  fish  appears  tp  be  t|he  formation  of  coni^*! 
municatijng  canals  between  the  branchial^ 
arteriea  and  veins,  which  paves  the  wayiiur 

all  the  succeeding  alterations;  and  ^Lvr- 
TiN  SAiNT-AN<^i£,  who  has  very  satisfacto- 
rily illustrated  these  cbangea  of  the  vesacia 
in  the  safanmndor  in  the  figures  he  has  Jnslt 
published,  think*<  tliat  the  pereunibran- 
chiate  amphibia  arc  forced  to  retain  tbeui 
gills  through  life,  notwithstanding  the 
usual  dcvelopinent  of  their  pulmonic 
system,  by  the  want  of  these  anastomosing; 
or  commnnicating  canala  lietweea  tiui 
branchial  arteries  and  the  branchial  veins 
which  alone  permit  the  important  changes 
of  the  vascular  system  which  accompany 
the  loring  of  Ae  gills  in  the  cadudhraa- 
chia.  These  connnnnicating  twij;s  that 
arc  seen  passing  from  each  of  the  bran- 
chial arteries  to  the  correspouding  foran* 
chial  v^ns  enlarge  by  the  metamorphosia 
to  snt'h  an  extent  that  they  form  at  length 
contiuuous  arterial  canals  upon  each  side* 
The  gradual  obliteration  of  the  exterior 
ramified  gill  portion  of  thc?c  arterial  and 
venous  trunks  tlnis  tends  ultimately  to 
form  one  coati/uioua  descending  branch  or 
arch  of  the  aorta  on  each  bide,  wliich  wo 
observe  to  exi^t  in  these  adult  animals,  a« 
io  all  the  higher  cold-blooded  veitebrata. 

Some  of  the  arteries  proceeding  from 
the  !)rauchial  veins  arc  enlarged  to  that 
extent,  which  were  l)efore  minute  capil- 
laries, that  they  now  form  important 
trunks,  going  to  supply  all  the  upper  part* 
of  the  body,  while  the  great  trunks  are 
continued  downwards  as  two  arches,  to 
unite  in  the  middle  of  the  dorsal  part  of 
the  trunk,  to  form  the  single  abdominal 
aorta.  Tiuis  it  is  that  wc  find  that  the 
trunk  of  the  pulmoucuy  arteries  is  sent  off 
only  aa  a  branch  from  the  aorta,  whieh 
conveys  the  blood  to  the  re«!pirat<ny  t-r- 
gnus  in  the  adult  animals,  which  organs 
are  sometimes  cellidar,  as  in  the  froj^s, 
sometiroes  simple  undivided  sacs,  as  in 
the  tritons.  In  the  frog,  you  observe  that 
these  changes  of  the  vascular  system  have 
proceeded  to  a  greater  extent  of  deviiUioR 
from  tlic  fishes,  than  cither  the  pcrenni- 
brancliiale  fpCi-ies  or  the  tritons,  which 
still  remain  in  the  water,  though  they 
have  lost  their  gills.  The  siuus  venosns 
is  large  in  the  adult  amiihibia,  as  iii  the 
fishes,  and  receives  all  the  sj^atemic  blood 
before  it  enters  the  large  thin  right  ami* 
cle  of  the  heart,  which  propels  it  into  the 
single,  muscular,  thick,  light-coloiirod, 
and  soft  ventricle.  The  siuus  veno4uii  tu 
the  triton  |i  a  large  round  mvteular  cavity, 
like  the  light  auricle.  During  the  dilata- 
tion of  the  ventricle  in  the  frog,  the  red 
blood  is  seen  to  penetrate  and  fill  all  the 
loose  norpua^^iiit  parietcs  of  that  cvntf 
to  US  outer  mombraae^  and  thus  to  give  ft 
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Bp-red  colour  for  a  few  seconds  ;  but 
dozing  its  contraction,  which  a  little  pre- 
fsedes  that  of  the  bulb  at  the  origin  of  the 
great  systemic  and  pulmonic  ai  tci  ica,  the 
ventricle  assumes  a  white  colour,  and  its 
blood,  partially  mixed  by  this  loose  tex- 
ture, is  prevented  from  returning  into 
cither  auricle  by  small  semilunar  folds 
surrounding  the  auricular  orifices,  as 
pointed  oat  by  Dr.  Davy.  The  two  auri- 
cles are,  however,  easily  inflated,  espe- 
cially the  pulmonic,  which  is  smaller  and 
less  perfectly  protected,  by  placing  the 
Mowpipe  in  the  opened  ventricle,  as  pro- 
posed by  Davy,  and  by  thus  filling  them 
with  air  we  distinctly  perceive  their 
fibroin  or  muscular  structure,  and  the 
tiiin  diaphanous,  but  complete  and  imper- 
forated partition  between  the  auritrles.  By 
inflating  the  two  vena:  cavcc,  or  the  sinus 
▼enoens,  we  distend  the  right  aiuicle,  then 
the  ventriclf,  and  by  inflating  cither  of 
the  pulmonary  veins,  we  distentl  the  small 
left  auricle,  and  then  the  air  escapes  into 
the  ventricle.  From  tiie  ventricle  come 
off  the  two  groat  systemic  trunks  and  tho 
two  smaller  pulmonary  arteries,  the  whole 
enlai^d  at  their  origin  by  the  bulbus  ar- 
teriosus, which  is  already  partially  di 
vided  by  a  septum.  The  auricles  arc  still 
more  advanced  over  the  upper  and  fore 
part  of  the  veotride,  than  the  auride  even 
of  the  cartilaginous  fishes,  and  the  whole 
heart  is  placed  further  forwards  towards 
the  head,  than  in  the  reptiles  or  the  warm- 
blooded vertebrata.  Mbckbl  observed 
the  deep  separation  of  the  two  auricles  in 
the  firm  and  in  the  tueolotl,  and  their 
difl^rence  of  size  and  position,  without 
perceiving  the  difference  of  their  function, 
which  has  been  pointed  out  by  \Vi  lu  u, 
but  the  latter  eminent  anatomist  ha^  ac- 
companied the  announcement  of  his  dis- 
coveries with  remarks  which,  as  ap- 
plied to  the  profoundest  anatomist  Ger- 
many has  ever  produced,  will  not  en- 
hance their  value  in  the  estimation  of 
foreigners.  In  the  ventricle  of  the  pipa, 
Meckel  discovered  a  septum  extending 
fnrwards  from  the  apex  for  about  two- 
thirds  of  the  length  of  the  cavity,  which  he 
compares  to  that  seen  in  the  chelonia,  and 
although  he  was  not  acquainted  with  the 
observations  of  Dr.  Daw,  he  perceived 
in  this  animal  a  deep  partition  dividing 
the  auricle  into  two  halves, 
'"'liookihg  at  the  heart  of  the  American 
frog  {F^ff.  173)  from  behind,  we  perceive 
in  these  plates  of  Wkber  the  great  trunk 
of  the  inferior  cava  173,  c),  and  the 
two  superior  cav»  (Ftp,  173, «  «),  forming 
A  small  sinus  venosus  (Fiy.  173,  d)  before 
they  open  into  the  large  right  auricle 
(Fty .  17\  e  e) .  The  two  pulmonary  veins 
f^.  17S»  ilA)'rcitiirBtog  from  the  oel<» 


lular lungs  (Fiff-^7\,  t»)  uniWInloaBittgie 
trunk  173,  g),  befoi«'W1«fhig'%li 

small  left  aortele  (Fig.  173,/).  Both 
auiiclcs  contracting  at  the  same  time, 
their  contents  are  conveyed  into  tbe  thick 
white  ventricle  [Fig.  173,  *),  wMclifl# 
pels  this  mixeil  fluid  into  the  thick  bulboei 
origin  of  the  great  systematic  trunk  which 
gives  oflf  the  two  pulmonary  arteries,  th* 
two  trunks  to  the  anterior  portion  of  the 
body,  and  the  two  ardies  of  the  abdemiaal 
aorta. 

Fig.m 


In  the  reptiles,  the  whole  sanguiferous 
system  is  advanced  to  a  higher  stage  of 
development  than  we  find  in  the  anpU- 
bia,  or  in  the  fishes,  and  this  superioritf 
is  chiefly  marked  in  the  pulmonic  portion 
of  that  system.  Both  auricles  are  von 
muscular,  more  distinct,  and  are  more  ad- 
vanced to  the  anterior  part  of  the  ven* 
triclc.  The  heart  is  farther  back  from  the 
head,  aud  the  lellt  auricle  is  now  more 
obviously  sr])aratc  from  the  right  aad 
larger  than  in  the  amphibia,  to  correspond 
with  the  increased  devdopment  of  the 
air-breathing  orgaiUU  ' 

The  right  atiricle  receives  directly  the 
venous  blood,  which  is  brought  from  all 
parts  of  tbe  system ;  the  left  am^de  re* 
CI  ives  the  arterializcd  blood  which  cnmes 
from  the  capac  ious  lungs,  so  that  we  have 
here  developed  more  equally  than  inthcani* 
phibia  the  two  auricular  cavities  of  the 
heart,  having  here  totally  different  fnnctioni 
from  each  other,  besides  the  %'entricle  tb&^ 
we  have  traced  up  from  the  cmstsosf* 
We  see  in  the  ophidian  reptiles  the  ttp- 
tum  already  developed  to  a  great  e^rt^ 
from  the  apex  of  the  ventricle  through 
cavity,  so  that  the  two  divisions  of  tltst 
cavity  communicate  only  by  an  aperttirt 
towards  the  base  of  the  ventride.  H»grc 
are  yet  only  semilunar  folds  to prdtOd^'Af 
two  MfioM  ^OBk  M^immm 
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ventricles,  and  there  are  semilunar  valves 
at  the  openings  of  the  aorta  and  the  pul- 
monary artery.  The  aorta  divides  gene- 
rally into  two  principal  trunks,  the  one 
forming  the  left  descending  abdominal 
tiunk,  and  the  other,  after  giving  off  a 
large  vessel  for  the  anterior  parts  of  the 
body,  descends  to  form  the  right  branch  of 
the  abdominal  aorta,  as  we  see  in  the 
chclonian  reptiles.  The  heart  even  of  the 
serpents  pai  takes  of  the  lengthened  form 
of  the  body,  especially  the  auricles,  as  you 
observe  represented  by  Wkder  in  these 
plates  of  the  heart  of  a  coluber.  The  fonn 
of  the  auricles  is  less  lengthened  in  the 
lizards,  and  their  parictes  appear  more 
muscular,  but  the  general  structure  of  the 
cavities  of  the  heart,  and  the  mode  of  dis- 
tribution of  the  great  bloodvessels,  are 
nearly  the  same  as  in  the  serpents.  From 
the  manner  iu  which  tlie  great  pulmonic 
and  systemic  trunks  are  connected  to- 
gether by  cellular  substance,  and  enve- 
loped by  the  pericardium  on  issuing  from 
the  ventricle,  they  appear  externally  as  if 
they  composed  a  single  thick  aortal  trunk, 
till  they  escape  from  the  pericardium,  and 
separate  for  their  respective  det.tinations. 

The  broad  heart  of  the  chelonian  reptiles 
(F/y.  171,  def)  corresponds  with  the  great 


transverse  development  of  their  body,  and 
it  has  a  close  analogy  to  the  broad  form  of 
the  auricle  and  ventricle  in  the  highest  of 
tlio  cartilaginous  fishes,  nie  two  wide 
posterior  veruK  cava  {Fig.  1 74,  b  b)  generally 
receive  the  two  smaller  anterior  cava  {Fig, 
1/1,  a  a)  before  they  unite  to  form  a 
VCUQ*M(  ^Fig.         ,cj,  which  poms  the 


j  venous  blood  of  the  whole  system  into  the 
rijht  auricle  {Fig.  171,  d).  The  two  pul- 
monary veins  {Fig,  MA,  g  g)  return  the 
arterializcd  blood  from  the  capacious  and 
cellular  lungs  directly  into  a  large  mus- 
cular loft  auricle  {Fig.  174,  e%  and  the  two 
auricles  contracting,  as  in  other  animals, 
at  the  same  time,  convey  the  two  kinds  of 
blood,  by  distinct  orifices  into  the  same 
large,  thick,  broad,  and  depressed  ven- 
tricle {Fig.  174,/).  The  partition  of  the 
auricles  extends  inwards,  and  forms  a 
broad  membranous  valvular  fohl  over  the 
two  orifices  of  the  auricles  in  the  ven- 
tricle, which  forces  the  two  currents  of 
blood  to  take  opposite  directions  on  en- 
tering the  ventricle. 

The  great  systemic  aorta  is  divided  into 
two  trunks  {Ftg,  174,  h  m)  from  its  origin, 
the  first  of  which  is  tbe  smaller,  and,  pro- 
ceeding to  the  left  side,  forms  the  left 
trunk  of  the  abdominal  aorta  {Fig.  174,  r>i), 
giving  off  the  large  cveliac  {Fig.  174, 7;)  and 
mesenteric  {Fig.  174,  (f)  arteries,  before  it 
unites  by  its  communicating  branch  {Fig. 
174,  r)  with  the  right  branch  of  the  abdo- 
minal aorta  {Fig.  174,  s).  The  second 
branch  of  the  great  systemic  arterj'  com- 
ing from  this  single  ventricle,  divides  into 
two  branches,  the  one  forming  the  right 
branch  of  the  abdominal  aorta  {Fig.  174, 
«*),andthc  other  forming  the  common 
trunk  of  the  brachial  and  carotid  arteries 
of  both  sides  of  the  body  {Fig.  174,  h). 
The  t  .vo  pulmonary  arteries  {Fig.  174,  0  0) 
arise  by  a  single  wide  bulbous  trunk 
{Fig.  174,  »■),  behind  a  large  muscular  fold 
in  the  right  portion  of  the  ventricle,  which 
fold  Meckel  conipares  to  the  strong 
musctdar  fold  forming  the  tricuspid  valve 
in  theright  ventricle  of  birds.  This  broad 
membranous  band,  extending  laterally 
from  the  free  edge  of  the  septum  of  the 
auricles  into  the  ventricle,  so  conspicuous 
a!id  large  in  the  chelonia,  is  seen  also  in 
the  ventricle  of  the  serpents,  the  lizards, 
and  the  crocodiles.  It  projects  laterally 
to  a  less  extent  in  the  ventricle  of  these 
reptiles,  and  forms  a  thin  semilunar  fold, 
or  valve,  over  the  orifice  of  each  of  the  two 
auricles.  Now  Wrber  has  found  a  small 
opening  of  communication  through  the 
septum  of  the  ventricles  of  the  crocodiles, 
in  the  usual  position  near  the  base  of  the 
ventricle,  as  in  serpents  and  lizards, 
although  Meckel,  Martin  Saint-Ange, 
and  many  others,  have  given  to  these  large 
cold-blooded  reptiles,  two  ventricles  com- 
pletely separated  from  each  other  by  an 
impervious  septum,  as  in  the  heart  of  a 
bird  or  a  quadruped.  There  is  but  one 
ligamentous  band  left  in  the  crocodile  con- 
necting tlic  apex  of  the  ventricle  to  the 
pericardium,  and  in  higher  classes  evai 
this  is  lost.   You  will  obs^ve,  that  (^c 
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venous  blocd  rotuTtie<l  from  all  parts  of  i  venip  cava  into  tlj<^;  f1glit'%\ripiclfe,  "where 
the  system  in  the  ciocxidilc,  is  conveyed  !t*»ere  are  two  scndlunaS*  vl^veSj'arifl  fr<»in 
teto  tiMvlglrt'MUtelF*  -Mm  whIeH  it  paites  [  that  into  the  sitigle  i^ntiidti:  >^¥%e^tt^ 
into  the  correspomlinp  portion  of  the  vcn-  I  rialiKcd  lilood  frotii  iIip  Ir.ng^  i?  (*mivcH'w 
tricle;  from  the  Tcnti-klc  it  is  propelled  I  by  a  very  <iblique  entrance  into  the  Idt 
into  thorn  grei^t  troiiic*  tintcomroff  Intm  aiirfele,  ^Mdh  'haf  D6'  'pMtectfi^g  iiHf^ 
tiwiMtMolilie  heart ;  those  ai-o  the  one  and  frori)  tliat  into  the  sntnc  partial^'w. 
conveying  venous  blood  on  each  side  to !  vidcd  ventricle  rf  (he  heait.    From  ilils 


the  lungs,  and  having  its  conmicncement 
4»f  an  enlarged  fonn»  like  a  hulLai  arte- 

Tiosus;  the  other  ]:ortion  coming  ofTfroiil 
the  ventricle,  divides  in  this  figure  of 
CvviER  into  three  princijial  trunks,  the 


ventricle  there  couies  olf  what  appms 
upoh  openhigfhe  nMnl&l  to  be  a  ^ligle 
vesfcl,  !)ut  upon  di^scfction  if  is  frtundfiis- 
tinetly  to  consist  of  two  princijfBl  trnnkg, 
one  forming  a  bulbous  cnlai  gouvont,  \vh»(Sb 


one  upon  the  right  s^e  is  observed  to  give  jia  the  conimcnccroent  of  the  two  pultrii- 
off  the  right  descending  ?orta,  and  the  right  nary  arteries,  the  other  trunk  En7)dividii]lg 
arteria  innominata,  and  which  arteria  in- 1  gives  oft'  upon  the  right  side  the  light  de* 
nominata  dtvidas  into  the  ootmnon  carotid, '  scending  aorta,  and  gives  off  a  great  tiKifiV 
the  vertebral,  and  the  great  axillary  artc-j  (F/y.  174  h)  to  the  anterior  part  of  the 
ries ;  the  second  trunk  is  the  ai'teiia  in-  bouy  which  subdiv  ides  into  the  snbcla- 
uominata  on  the  left  side,  which  rises  vian,  and  the  commcn  carotid  arteries 
Erectly  upwards,  and  divides  in  the  same  u])on  both  sides;  the  ether  trunk  is  tbc 
manner  as  on  the  left  side;  the  third ' left  dcseeTKHng  aorta,  which  give«  off  tlit 
branch  of  this  great  aoi-tal  trunk  is  the '  civliac  artery  and  a  suigle  mesenteric,  tbc 
left  descending  aorta,  -which  unites  vith  |  superior  mesenteric  artery,  fbui  dinririidi- 
the  right  aorta  in  the  crocodile,  before  it  ed  in  its  caliber  it  forms  the  ductus  cotn- 
has  given  off  any  of  those  great  trunks  nninicnns,  which  is  only  a  ocntinualion  tf 
that  we  usually  lind  given  off  by  the  left  the  left  descending  aorta  into  the  great 
descending  aorta  in  reptiles.  That  ap- 1  right  trank  of  the  ahdomiiial  aorta, 
pears  to  depend  on  the  advanced  position  |  We  observe  coming  off  again  from  thofo 
or  tiuddennesR  of  this  union,  and  n])on  the  tw  o  ptdnu  isary  arteries  a  ductus  arteriosBS 
lengthened  form  of  the  trunk  of  the  cro- ,  (/V<7.  174  n  upon  each  side;  thedsctttl 
codile  compared,  for  e\an)ple,  with  the  ;  arteriosus  here  is  not  only  present  on  bodi 
trunk  of  tlie  tortoise.    Thi.s  j-ingle  trunk,  sides,  but  wc  observe  it  to  rontin^ic  to  s 


formed  by  the  junction  oi  the  two  descend- 1  late 'period  upon  each  side.    1  have  found 
'  e  greater  nuniber^ren- 1  them  present,  though  inipeinrfonS)ii<^M' 
tiles,  gii'cs  oft*  the  tteliac,  the  mesentenc, ' grown  large  Indian  tortoise.  I  found  both 


ing  aoili^  as  in  the  i 


and  the  other  branches  of  the  abdominal  the  ducius  arifr'wsi  large  and  stiong  w 
aorta.  According  to  Meckel,  the  circu-  j  that  old  animal,  although  they  had  become 
lation  in  the  erocodiha  hte^mt  is  somewhat  impervtons  cords. 

different.  We  oliservc  that  there  comes  i  'Ihus  we  observe  that  in  the  ehelonisn 
olf  here,  according  to  him,  from  the  fu  st  reptiles  there  is  a  considerable  difference 
nght  branch  of  the  great  aortal  trunk,  the  <  in  the  outward  form  of  the  hescrt.  Yltt 
right  descending  aorta*  and  tlie  right  heart  has  here  a  flattened  depressed 
subclavian  ;  those  two  vessels  r.U  ne.  The  '  form,  m.d  ]t9  \  (  ntricle  especially  is  macb 
second  branch  of  this  great  priumry  trunk  extended  transversely ;  that  correspoads 
gives  ofFthe  left  snbdavian,  the  two  ca-'very  much  with  the  form  of  the-Mt 
rotids,  and  the  vcrlebrals;  then  the  third, '  w  hich  you  perceive  in  the  sharks  and 
as  before,  constitutes  the  kft  dcscendtiig  rays,  in  the  sharks  you  wili  observe als<^ 
aorta.  You  will  observe,  that  near  the  as  in  thene  reptiles,  that  the  auricle  h 
place  where  the  bolbus  arteriosus  divides  raised  considerably  above  the  hack  pst  si 
into  the  two  pidmcnary  arteries,  and  at  a  the  vei;trielf,  the  hulhus  arteriosus  ha*' 
little  distance  on  either  side,  from  the  I  ing  iu  these  caitiiagiuous  fishes  a  length- 
'  hSftircation  of  those  arteries,  there  are  two '  ened  cylinMoal  kmn*  Yon  will  ^AtfO^ 
venous  canals  which  descend  one  from  that  in  the  tWtOlsetliefoTm  of  the  hrrrt 
each  pulmonary  artery,  and  unite  w  ith  the  externally  cori-esponds  pretty  mach  viA 
two  branches  of  the  descending  aorta ;  that  of  these  highest  of  the  cartiiagrnow 
this  is  the  ductus  arterloses  upon  each  llslies.  When  we  open  this  veiMricie  va 
side.  There  are  two  ductus  arteriosi  in  the  ehelonian  reptiles,  w  c  ohscrrc  that  it 
reptiles;  there  are  two  also  at  first  in  gives  origin  to  different  arterial  veMe^; 
birds.  \  the  blood  w  hich  is  returning  artertMB 

■   In  tite  dNAoBiaa  reptiles  the  general  from  the  lungs  by  the  left  auricle  of  trro 
structure  with  regard  to  the  cavities  of  heart  comes  in  from  the  left  side  of  d« 
the  heart  is  the  same  nearly  as  in  the  sau- !  valvular  continuation  of  the  sevtutn 
itabtcntlhe.  The.  natfM  bleod '  U  e6&-  ^coittrum,  of  coitttdiBnd>1e  bifClstttb  Ift  t^ 
'^mjf^A  ••nfttiir^flad  M  lfttelDr|Gbelonia,  ^mOi  it|i<Bflt^Mliieiktt«W*^ 


Digitized  by  Gopgle 


sAiwfVBROVS  trvsmf  ihi  mrds.  m 


openings  of  the  auriclesi  and  hangs  over 
by  its  frec.msJTgia  the  orifices  of  both 
thmc  avridM.    Hera  the  bl»od  iMusaes 


The  venous  blood  from  all  the  anterior 
and  posterior  parts  of  birds  is  oonreyed  by 
one  posterior  and  two  anterior  venae  cave 


throii^'h  a  very  loose  spongy  textnre  in  f  into  the  right  auricle,  by  which  it  is  sent 


the  ieft  portion  of  the  ventricle  of  the 
h^rt  which  is  fonned  by  the  numerom 

fteshy  columns  and  chords  that  are  re- 
markably loose  and  detached  in  this  re- 
gion of  the  heart.  The  venous  bluod 
'wtaich  is  brought  from  all  parts  of  the 
^ystt'in  by  tlie  right  auricle  of  the  heart  is 
conveyed  into  the  ventricle  through  the 
other  oblique  opening  on  the  right  tide  of 


into  the  right  ventricle  of  the  h«irt ;  and 
it  is  Invented  ffotn  retanlng  into  the 

right  auricle  by  means  of  a  strong  mus- 
cular valve,  which  you  here  ohserve  in 
the  position  ol  liie  tricuspid  vaivt-;  ui  ijuad- 
nipeds.  It  is  the  only  valve  v^hich  iro 
obscrvr  in  that  situation  ;  it  is  placed  wtK 
the  right  auriculo- ventricular  orilice. 
The  blood  is  propelled  from  the  right 


this  great  meoibrauotis  valve,     iksides  ;  ventricle  of  the  heart,  now  completdy  se* 

this  vah  c  v  hich  haul's  over  both  the  en- i  parated  from  the  left  by  an  impervious 
trances  of  these  auricles,  each  auricular  i  iicptuui,  through  the  two  pulmonary  arte- 
orifice  is  provided  with  another  opposite  riet.  The  pmraonary  arteries  in  birds 

distinct  valvular  foM,  so  tliat  they  have  :  communicate  at  an  early  i)criocl  with  the 
ample  meatis  of  closing  up  the  apertures,  two  ;»reat  hraijchcs  of  the  aorta  by  means 
Now  in  the  contraction  of  the  ventricle,  |  oi  a  (iM'  tus  ai  teriosus  upon  cacii  side.  The 
the  opening  of  the  right  auricle  appears  fiiat  of  those  ductus  artei  iosi  obliterated 
to  he  broiii^ht  nearer  to  the  opening  of  in  birds  is  the  one  upon  the  right  side ;  the 


the  pulmouary  artui'ies  than  the  opening 


one  that  remains  latest  is  that  on  the  left 


of  the  left  auricle,  thus  the  dark^OHOnred  side;  and  that  in  the  mantmalia  ^'hieli 

venous  blood  passes  more  easily  into  this  we  observe  alone  developed  in  the  later 
l  icht  pulmonic  portion  of  the  ventricle  I  periods  of  the  Aet  il  coii'htion  is  that  upon 
than  the  arteriaiized  blood,  waicli  gets  the  left  side.  The  bloud  which  has  been 
more  readily  Into  the  great  systemic  aortal ,  aerated  in  the  lungs  Is  conveyed  throt^h 
trunk??,  the  left  auricle,  now  as  large  as  the  right. 

In  the  class  of  birds  we  have  at  length  to  the  left  ventricle,  and  from  them  it  is 
fully  periected  that  condition  of  the  circu-  j  propelled  into  the  aorta,  which  subdivides 
luting  system  which  belongs  to  the  hot- ;  neai*  to  its  origin  into  two  and  somctimefl 
blooded  classes  of  \  crtebrata.  'f'hcy  have  into  three  jn-incipal  trunks.  "We  observe 
a  vigorous  and  active  sanguiferous  system,  |  upon  the  right  side  the  first  branch  given 
which  corresponds  with  the  increased 'off  Irom  this  aortal  trunk  is  the  large 
energy  of  all  their  functions,  tlio  high  trunk  formed  by  the  <lesccndinf;  ahv'ominal 
terapci  attn'c  of  their  h  uly,  and  with  the  aorta  and  the  luT.nch  which  corresponds 
great  uiu£cuiar  force  which  we  t>i;e  cxcitcU  svitlt  the  right  artuiia  ii.uouimata  which 
by  those  animals.  The  sir  is  a  hnitted  \  gives  off  the  common  carotid,  the  verte- 
into  contact  with  the  systemic  capiHaries  bral,  the  axillary,  and  the  thoracic  arte- 
and  the  circulutiu^  Ikud  in  most  parts  of  |  ries  to  be  distributed  upon  the  cnonnous 
the  body— in  the  ulterior  of  the  bones,  in  i  i)ect<>ral  muscles  and  other  parts  of  the 
the  large  cells  which  extend  to  the  sur- j  breast.  The  second  branch  given  clf  from 
face  of  the  body,  which  fill  the  cavity  of  this  great  aortal  trunk  in  birds  is  the 
the  abdomen,  and  w  tiich  ejLtond  in  every  arteria  innominata  on  the  left  sitic  wiiich 
diroction  from  the  lungs.  There  is  a  great  gives  off  the  common  carodd,  the  verte- 
(levclopmeot  of  the  Kuperficial  ve,s>jels  in  bral,  and  thoracic  liranclies  of  that  side, 
birds  whii  li  corresfionds  with  the  develop- j  Tmcing  downwards  the  abdominal  aorta 
n)c:it  of  their  superficial  parts,  and  with  we  observe,  after  the  oesophageal  arteries 
tlie  ^reat  power  of  their  muscular  action. '  and  the  Interooetals,  that  it  early  gives  off 
We  ! 'i-erve,  that  when  their  muscular  a  large  cteliac  artery,  which  divides  into 
action  is  mush  exerts,  the  effect  of  the !  numerous  branches,  and  a  superior  mesen- 
ornniiression  of  the  deeper-seated  vessels  teric.  as  we  saw  in  most  repines,  which  is 
is  to  accumulate  blood  in  the  less-pressed-  distributed  on  the  whole  intestine;  then 
upon  Kuperfici  d  x  essiels,  and  to  detenninc  it  gives  off  the  upper  renal  and  the  Sper- 
(hus  tiic  bloud,  the  source  of  all  de\  elop- ,  umtic  arteries. 

ate&ti  largely  to  the  surface ;  their  surface- 1  The  cmliao  artery  in  birds  genonUy 
lempetaturo  is  raised  to  enable  them  to  gives  a  branch  to  the  oesophagus,  another 
'  ithdr  egi(8,  perspiratiou  is  copiously  ^  the  gastric  to  the  vcntriculus  succentuii* 


thrown  out  tococftheur  healed  body,  tibeir ;  atus  and  the  gizzard,  the  splenic,  the  he- 
down  and  plumage  ore  developed  to  equa-  patic,  and  a  branch  to  toe  two  oeca* 
lisc  their  tpfFiperatiire,  and  various  other  coli.  The  iliac  arteries  come  ofT  very  higb 
ic^p<>rtant  results  follow  from  tills  mcreased  inbicds  from  the  forward  attachment  of 
VMCttlarity  of  th«  luiCuo  i«  birds  and  in  the  leg%  ao  thitllie  Mtto  con^ttet  ft»  a 
4lmt  idi  h0l»fe]9od«d  vwiehiitA.  j  grmdiiim«alot«ih«k»gtiKiMdiMn«i» 
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m  tlie  vMdli  saoral  trtery,  still  giving 
€tt  niimeroiia  klfOVlaal  branches  in  its 
course.  The  musculur  coat  of  the  arteries 
is  stronger  oven  tbaa  in  quadrupeds,  and 
the  valv«8  arfrmore  nuaiearoiia  in  the  veins. 
The  puhnouary  artery  issuing  from  the 
rigiit  ventricle  has  thin  »oft  parietes  com- 
pared with  those  of  the  aorta,  and  Uivideii 
very  near  to  its  origin  into  a  lig^  and  left 
pulmonic  branclt.  The  ijulnionary  veins 
collect  into  one  trunk  IrDUi  each  lung, 
wad  thete  two  trnnks  generally  meet  to  as 
to  enter  the  left  auricle  by  a  single  orifice. 
The  renal  venous  c  ircnlation  pointc<l  out 
by  Jacobson  in  birds  is  questioned  by 
Mbckbl,  from  the  direction  of  the  valva- 
lar  foMs  at  the  junction  of  the  anai^tomos- 
iog  veiua.  The  femoral  veins  unite  into  a 
single  trunk  at  the  anteiior  extremity  of 
the  kidneys.  The  hcfiatic  venous  or  por- 
tal circulation  is  here  more  extensive  than 
in  the  inferior  vertebrated  classes.  Tlie 
caudal,  the  renal,  and  tho  femoral  veins 
here  unite,  and  enter  the  vena  porta:  to  bo 
distributed  with  the  venous  blood  from  the 
chylopoietie  organs  through  the  liver. 

it  is  in  the  class  of  quadrupeds  and  in  the 
human  body  that  we  fiiid  all  ])irts  of  tliis 
complicated  hydraulic  apparatus  for  the 
conveyance  of  the  vital  fluid  to  every  por- 
tion of  the  system  the  most  exquisitely 
elaborated  and  arrived  at  its  maximum  of 
development,  but  the  general  plan  in  this 
highest  warm-blooded  class  is  similar  to 
that  i)rcscntcd  by  the  feathered  tribe.  In- 
nunicrble  interesting  modifications,  how- 
ever, of  this  complex  system  are  met  wiili 
in  the  subdivisions  of  this  extensive  and 
varied  cl  is^,  depending  on  differences  in 
the  structure  of  internal  parts,  or  in  the 
outward  form  of  the  body,  or  on  peculiar- 
ities in  the  living  habits  of  species.  The 
thick  fleshy  fold  in  the  right  ventricle  of 
the  birds  is  here  supplied  by  a  more  deli- 
eately-constructed  and  more  complicated 
crifiispid  vahc,  beautifully  adjusted  for  its 
object.  The  coats  of  the  arteries  arc  more 
distinct,  and  all  the  valvular  apparatus  df 
this  sanguiferous  system  are  more  highly 
finished  tl)an  in  the  inferior  classes. 

In  the  lowest  mammalia,  the  cetaceous 
aaiimals,  we  observe  the  heart  to  have 
generally  lhat  depressed  and  flattened  form 
which  it  presents  to  a  greater  degree  in  the 
cartilagiuous  fishes  and  in  the  chelonia. 
We  observe  in  the  dugong  not  only  this 
flattened  form,  but  that  the  heart  pre- 
sents at  the  apex  between  the  two  ven- 
tricles a  cleft  appearance.  In  fiust  this 
is  a  remnant  of  the  original  more  com- 
plete separation  of  those  two  cavities 
which  we  observe  to  be  formed  originally 
•from  one  cavity  deft  into  two  by  a  septum 
which  draws  it  up  in  the  middle.  Those 
two  ponions  of  the  divided  heut  unite 


into  a  single  natsa  Jbvike  ^MyftionnCMR 
fibres  extemaUgrin  Milter  mammaliaK;.bsl 

here  they  retain  permauently  their  ori- 
ginal slate  of  separation.  This  MrMctttce 
iamet  within  all  th0.htri>ivotwii  oetMsm 

animals.  We  observe  in  the  dolphins 
numerous  plexuses  of  the  distended  iutec 
costal  arteries  in  the  interior  of  the  chest, 
and  envek^jking  the  bodies  of  the  vertdmi^ 
which  complieated  plexuses  form  an  im- 
mense accumulation  of  arterial  Mooir 
vesscla  lining  the  whole  dorsal  paitef  Ito 
cavity  of  the  chest.  This  structure  baa 
been  thought  partly  to  retard  the  blood  in 
tiiose  ve^ssels  for  the  formation  of  the  suIh 
cutaneous  adipose  substance  thrown  out  so 
largely  u])on  the  surface  of  the  muscular 
system.  It  has  been  thought  to  bo  aoca> 
mulated  in  the  region  of  the  spine,  wbereit 
envelops  the  spinal  marrow  also  within  the 
canal  of  the  vertebral  column,  in  order  to 
prevent  the  influence  of  cold  upon  the 
spinal  marrow,  which  we  know  to  be  so 
deleterious,  and  to  affect  the  whole  system 
so  instantaneously  when  anything  is  ap« 
plied  to  change  or  affect  the  temperatoie 
of  that  great  centre  of  nervous  energy. 
The  cetaceous  animals  have  no  posterior 
extremities,  and  we  observe  that  the  truak 
of  the  aorta,  after  giving  off  two  sbmD 
twigs  to  the  pelvic  region,  continues  its 
threat  trunk  through  those  inferior  spinous 
lings  or  foramiiui  wiiich  are  formed  by 
the  inferior  hmiioas  or  cataRvertehrslds* 
ments  attached  below  to  the  intervening 
spaces  betw  een  the  bodies  of  the  vertebr*. 
I'he  inferior  vertebral  canal  thus  protecii 
w  hat  in  higher  animals  is  called  theaneria 
sacra  media;  but  here  it  is  a  large  OOntl^ 
nuation  of  the  aorta  itself. 

As  we  ascend  through  the  ordos  of 
quadi'upeds  we  observe  gradually  intro- 
duced all  those  ameliorations  of  the  struc- 
ture which  characterize  the  human  vas- 
cular system.  We  see  in  the  long-necked 
ruminating  quadrupeds  the  blood  sent 
down  through  the  vessels  of  the  pendent 
head,  increasing  in  its  velocity  by  thS 
simple  act  of  gravitation,  the  head  being 
extended  towards  the  ground,  while  in  the 
animals  like  the  girafie,  with  their  bcad« 
habitually  raised  upwards,  the  oondi^ 
is  reversed.    The  blood  in  such  grazing 
quadrupeds  sent  through  the  internal 
carotids,  w  hen  it  reaches  the  sides  of  tbi 
ceUa  turcica,  is  sent,  into  numerous  anas- 
tomosing branches,  and  those  ramify  and 
form  numerous  plexusesi  that  tend  luucb 
to  retard  the  impetus  of  tho  blood  betai 
it  is  distrilnited  even  on  the  snr&ce  of  ths 
brain,  or  passes  into  the  interior  of  tbsl 
delicate  organ.   Tlie  vertebral  arteriss 
have  alwap  a  very  toRtoM  fonsr  at  their 
entrance  into  the  cranium,  to  be  distri- 
buted 190a  the  dfilinte  tatat^bvfciii^^ 
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markable^at  in  the  rodent  niadiBpeds' 

have  a  distribution  of  those  vertebral 
aiteries  that  is  analogous  to  what  we 
cmAmoaAf  see  in  bfadfe.  triiere  in  place  of  | 

*paiKng  into  the  cranium  to  unite  to  form 
tbe  liasilar  artery,  and  »o  by  communicat' ! 

.iilg  ^th  the  iutenuJ  carotid  to  form  the 
draft  ftf  Willis  «md  to  he  difltnlrated . 
upon  the  brain,  they  yiass  out  to  anasto- 
mose with  the  occipital  arteries,  and  to  be 
distributed  not  upon  the  brain,  but  upon 

•the  cztoior  of  the  skull.  In  birds,  asj 
in  rodmtia,  this  is  observed.  It  occa- 
sions a  development  upon  the  exterior 
parts  «f  tiie  hetd  that  liera  require  a 
higher  degree  of  development  than  the 
internal  parts.  We  perceive  the  influcTicc 
of  til  is  peculiar  dlstilbution  of  the  nutri- 
tious element  the  blood,  Tvhich  we  might 
imagine  should  be  sent  into  the  brain  in 
order  to  develop  that  important  organ ;  but 
it  retards  the  development  of  the  cerebral 
hemispheree  in  the  birds,  and  keeps  them 
in  that  conrparatively  small  and  embryo 
state  which  they  are  found  in;  and  the 
flhort  nnooth  convolitHoiilett  cerebral  he< 
mispliercs  in  the  rodcnlia  are  remarkable 
among  the  quadrupeds  for  their  inferior 
size  and  their  cnil)ryo  type,  and  their 
analogy  in  this  respect  with  birds. 

We  sec  a  considerable  distance  to  inter- 
vene in  carnivorous  and  many  other 
powerful  quadru]>eds  between  the  passage 
of  the  inferior  cava  through  the  diaphragm 
and  its  entrance  into  the  right  auricle,  so 
that  their  heart  is  comparatively  free  in 
the  oheet.  The  strong mnscukr  diaphragm 
in  these  active  carnivorous  qn a rlrn ])•  (!?, 
which  is  remarkable  for  its  musculurity, 
strengtli,  and  mobility,  does  not  materially 
interrupt  the  actkm  of  the  heart  or  dis- 
turb tho  cironlation  by  tes  violent  move- 
xnents. 

The  seftis  and  the  beavera  and  the  other 

diving  quadrupeds  were  thought  to  retain 
through  life  tho  fo  fal  condition  of  their 
circulating  systetn,  tliat  the  blood  un- 
changed by  respiration  might  continue  to 
circnlate  freely  throuj^h  their  body  when 
M^pination  is  suspended;  but  not  one  of 
«I1  theio  quadnq^ede  is  Ibund  to  have 
either  the  nnniiBeii  ovale  or  ^  ductus 
arterioBiiH  perouuieBtly  open;  their  san- 
guitcrouii  syiitem  is  still  that  of  a  quadru- 
ped Mid  net  of  a  reptile  in  their  asatore 
condition,  which,  however,  they  arc  later 
in  assuming.  Tiieir  inferior  cava  is  en- 
larged and  dilatable  to  form  a  sinus  for  the 
jMO^mulating  and  interrupted  blood,  as  we 
S^'e  in  animals  of  otli*  r  classes  bnt  whh 
similar  iiabits,  in  diviug  birdSy  in  tui  ties, 
«ail  in^^redaeeoiia  fidtee* 

The  large  right  Itmg  of  the  mole  pushes 
the  heart  from  the  inedir^n  lint*  to  the  left 
.akle,«ad4his  ektiAtrai  positioa  oi.  the  heart,] 


and  lis  proatimity  and  attachment  bf 

means  of  the  perirrrrdium  to  tho  dia- 
phragm, become  more  general  and  mora 
roatked  oharaoiert  as  we  aseend  HMrooglt 

the  monkeys  and  the  orangs  to  man.  hi 
most  of  the  carnivorous  (iiiadni])eds,  in 
many  of  the  rodenkla,  quadruniaua,  mar- 
•upialia,  edentata,  and  in  the  moaotreoMi, 
animals  which  make  much  and  free  u^e  of 
their  arms,  especially  for  prehensile  pur^ 
poses,  trannnit  their  brachial  or  their 
ulnar  artery  thpoagb  an  osseous  canal 
above  the  inner  condyle  of  the  humerus 
to  protect  it  from  pre^isure.  in  the  mar- 
supial quadrupeds  the  great  development 
of  the  ejiigastric  arteries  to  supply  the 
mamra«E  and  the  pouch  robs  the  hypogas- 
tric and  uterine]  ai  leries  of  the  means  of 
maturing  a  loBtus,  and  renders  an  eaily 
abortion  a  normal  and  neoeasaiy  oherafl^ 
ter  in  these  animals. 

There  is  generally  but  one  great  artery 
ascending  from  the  arch  of  the  aorta  in 
the  ruminantia  and  solidungulous  pachy- 
derma,  which  divides  into  two  unequal 
branches.  The  right  branch  divides  tnto 
the  right  subclavian  and  the  trunk  of  the 
two  common  carotids  which  are  soon  given 
off.  The  left  branch  is  the  left  subclavian. 
But  in  the  carnivora,  and  most  oHwr  quad- 
rupeds, this  left  subclax'ian  artery  comes 
ofi  separately  from  the  ascending  aorta, 
making  two  brandies  the  most  frequent 
number  proceeding  directly  from  this 
great  systemic  vessel  to  supply  the  ante* 
rior  parts  of  the  body.  1  he  ornithorhyn- 
cus and  the  sloths,  and  sohm  otiiers  of  tho 
lower  quadrupeds,  arc  found  to  resemble 
man  and  several  of  the  quadrumana,  in 
having  three  faranches  arising  from  the 
ascending  aorta. 

The  parts  supplied  by  the  descending 
aorta  are  more  constant  in  their  charac- 
ters than  those  nourished  by  the  braaehes 
comin}^  from  the  ascending  portion,  and 
we  find  a  corresponding  regularity  in  the 
arteries,  which  vary  little  from  tiie  ar- 
rangement presented  by  the  human  body. 
It  gives  off  the  small  bronchial  and  (Esopha- 
geal, a  variable  number  of  intercostal  and 
umbar  arteries,  and  in  the  abdomen  the 
diaphragmatic,  before  we  arrive  at  the  ori-> 
gin  of  the  great  cadiac  artery,  and  tlie 
superior  mesenteric,  which  often  arises 
freas  tiM  same  trunk  as  the  cediac.  Hie 
supra-renal,  the  renal,  and  the  Rpermatic 
vessels,  are  sent  otf  a  little  above  the  infe- 
rior mesent^c  artery,  below  which  it  di- 
vides into  the  two  iliacs,  and  the  caudal 
artery,  the  most  variable  in  magnitude,  is 
(X)ntinued  along  the  middle  of  the  ncrum. 
The  portal  eiroQiation  in  the  UMmnalfarii 
more  complete  and  isolated  than  in  all  the 
inferior  vcrtchrated  classes.  The  orni- 
thorhyacus  hun  the  deeby  tricuspid  valve 
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of  a  bird,  and  lik«  the  birds  it  has  two 
•fiperior  vensD  cavse^  and  one  inferior*. oil 
pttOtected  by  valves.  In  the  loNvcst  ceta- 
Cea»  in  the  highest  of  tl\c  quaUiuiuaua 
and  man,  tlie  pericaidiuni  dosdy  oon<! 
uects  the  heart  to  the  surface  of  the  dia- 
phragm. In  fljc  sloths,  and  some  other 
slow-moving  quadrupeds,  the  truulcs  of 
the  hatneral  and  femoral  arteries  give  off 
numerous  branrhcs  at  tlicir  origins,  which 
follow  thcra  in  their  course,  and  again 
unite  with  thi^ni  to  compose  the  usual  ar- 
teries of  the  fore-arm  and  the  leg— a  pe- 
culiarity v.liich 'seems  to  be  coniicc.'tcd,  by 
its  retarding  the  flow  of  the  blood,  with 
the  slow  movements  and  the  durable  rep- 
tile grasp  of  their  members.  Bat  every 
tribe  and  every  species  of  sanguiferous 
animal  presents  modification s  of  this  im- 
portant system  adapted  to  its  condition 
and  its  wants. 

Now  these  various  grades  of  devdou- 
nent,  throngli  which  we  have  passed  in 
tracing  the  forms  of  the  sauguiferons  sys- 
tem throughout  the  animnl  kingdom,  arc 
faithfully  imitated  and  repeated  in  the 
snccessive  transient  fomu  which  this  sys- 
tem presents  during  the  development  of 
all  the  higlier  animals  and  man.  The  glo- 
bules, still  colourless  intiic  central  part  of 
the  germinal  membrane  of  the  ovum,  are 
attracted  and  repelled,  and  move  freely 
in  two  contiguous  circles  like  the  circula- 
tion of  the  mwest  annelides.  These  glo- 
bules arrange  thcni-ielves  to  form  veins 
and  trunks  and  arteries,  and  the  circula- 
tion is  then  conducted  in  closed  vessels, 
as  hi  the  radiated  and  several  of  the  arti- 
culated classes,  without  the  aid  of  a  heart. 
The  centre  of  this  system  becomes  the 
pulsating,  dorsal,  heart-forming  vessel, 
and  the  branches  are  the  vessels  of  the 
yolk-bag.  The  punctum  saliens  forms  a 
ventiicle  which  develops  an  auricle  be- 
hind it,  and  a  bnlbns  arteriosus  before  it. 
Beyond  this  bulb  the  aorta  divides  into 
five  pairs  of  branchial  arteries,  and  tlic 
branchial  openings  are  seen  on  the  side 
of  the  human  neclc.  These  bnmchial 
openings  have  been  foimd  to  remain 
open  through  life,  forming  congenital 
fistulse  in  the  human  nedc.  The  auri- 
cle is  gradually  doubled  Up  upon  the  ven- 
tricle, and  takes  its  position  above  that 
cavity  as  in  the  highest  fishes,  the  bran- 
diial  arteries  are  successively  converted 
into  the  systemic  branches  of  the  arc  h  of 
the  aorta  as  during  the  metamorphosis  of  a 
ftog,  and  a  septum  rises  through  the  au ri- 
de. So  that  man's  vascular  system,  when 
with  only  a  pulsating  vessel  along  the 
back,  is  that  of  an  insect,  and  when  the 
ventricle  Is  developed,  it  becomes  that  of 
the  highest  crust  icea.  With  an  auricle 
and  a  ventricle  placed  in  a  line,  it  be- 


comes that  o<f  a  molluscous  w& 
with  a  superadded  bulbus  v^fH^fimiimi 
an  advanced  auricle,  it  is  converted  inl| 
that  ef  a  Ash,  TUq  dev^pu^ent.ot* 
second  anride  by  the.  seirtWQ^  ^gWill 
through  the  first,  and  the  metamiiwpilKMil 
of  the  anterior  branchial  arteries  into  syi- 
tcmic  vessels,  and  the  poslerioi:  p«iir  el' 
branchial  arteries  into  palnieBi0''lmdllk 
raises  this  sytitcin  in  the  developing  ha- 
man  embryo  to  that  of  a  reptUe.  The 
septum  of  the  ventricles  appears  to  be 
completed  before  that  of  the  auricles  ii 
man,  and  the  reptile  circulation  is  con- 
tinued for  a  time  by  a  different  route.  The 
aerated  Mood'of  the  pftMnta  H  sent  it 
this  period  through  the  umbilical  vein, 
the  ductus  venosua  {JPig,  17^  a)i  the  is* 

1^.175 


ferior  cava,  and  the  right  amkile  {Bf» 

175,  /),  directly  to  the  foramen  ovale,  lif 
which  it  is  transmitted  to  the  left  auric^ 
{Fig.  1/5,  d),  the  left  ventricle  (Fiff- 17^  <)» 
and  the  ascending  branches  (fiy.  1  To,  At'*) 
of  the  arch  of  the  aorta,  to  nourish  and  de- 
velop the  brain,  the  organs  of  sense,  sail 
all  the  important  anterior  parts  cf  tks 
body  so  large  in  the  fcstus,  while  the  diuii* 
nntive  posterior  parts  are  chiblly  sup- 
plied  witl»  venous  blood,  which  has  ahxjadjf 
passed  through  theuppcr  parts  of  the  bodjr. 
This  impure  blood  returning  by  the  superior 
vena  cava  {Fiff.  175,  i)  from  the  largelj 
developed  head  and  arms,  is  sent  through 
the  right  auricle  {I'lff.  17.'>,  /)  directly  into 
the  right  ventricle  (Fir/.  175,  w),  wh'*^^ 
propels  it  through  the  ductus  arteriofi4( 
{Fiff.  175,  9),  and  the  descending  aoft%# 
give  a  scanty  nourishment  to  tlic  limbii 
and  to  proceed  through  the  umbilical  ar» 
teriea  iov  fresh  aeratioi^  in.tUfi  p^aoenl* 
The  asceurtiag  septum  of  ^•ve^trioli 
draws  up  the  apex  of  the  human  etnhiye'* 
heart,  and  makes  it  double,  lik^e  I^  S^ 
served  through  life  in  thor  Iwi^aiUin  iM 
the  dugong,,and  Uns  septet J'^^^^'^' 
ing  to  the  origin  of  the  ittU  sttigk 
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temic  artery,  divides  it  to  the  cxt^t  of  the  ]  of  animal^  beat  and  the  prii|dyppl^j^in|)I^ 

rliiotus  artenasTT?,  atiil  eiitireTy  se\4rs  tlini  to  dcvetoprrcnt  \n  all  classes, 
portion  from  the  original  bulb  of  the  aorta.     The  rcsjpiraiion  pf  the  polyga?tric  anj- 
 "   matculea  w  efFecteitl  by  the  rapid  vibration 

of  the  cilia  variously  cVisposed  on  their  sur- 
face*, hy  the  iridtions  of  which  they  are 


B«t  il  H  only  by      do^ng:  olP  tbe  innbili- 

cal  arteries  ami  vein,  ami  of  the  dncttis 
vcnoius,  the  foraincn  ovale,  and  the  duc- 
tus aiteriosuji,  that  man's  circulating  s^'s- 1  tianspoi  ted  through  the  water,  and  the 

soft  cellular  substance  of  their  body  ia 
thus  aerated  through  the  thin  pelliclcj 
\v^hich  covers  it.  These  minute  vibratUe 
filanients,  here  aerving  as  organs  of  motio«i» 
are  thus  early  connected  with  the  function 
of  respiration,  and  we  find  them  to  form 
a  part  of  the  respiratory  apparatus  of  all 
the  higher  aquatic  inverlebrata,  and  even 
in  tlu'  vcrtchrated  classes.  These  cilia 
arc  gcueraily  shaped  like  the  component 


Is  raised  to  the  mammiferous  type^ 
after  a  proteup-like  career  throngh  every 
inferior  form  presented  by  the  animal 
kfnpdoiii. 


LECTURE  L. 


ON  THE  RESPIRATOPvY  ORGANS  OF  THE 
INVEUTEBRATED  ANIMALS. 


The  fuuclitm  of  i-cspiration  is  one  of  laminae  of  the  gills  of  fishes,  having  a, 
the  roost  general  ir)  the  animal  Iringdcm.  lengthened,  flat,  thin,  and  tapering  form. 

Almost  every  animal  has  the  po^vc^  of  hut  they  are  rot  the  analogues  of  these 


renewing  the  sttatiim  of  the  surrounding 
element  in  contact  ^'Hb  its  external  or  its 

internal  surface,  either  by  moving  its 
body  to  RT'd  fro,  or  hy  crcatrui,'  cuiTcnts  in 
the  DicUuan  in  which  it  lives,  to  aerate 
the  fluids  of  its  Interior.  The  monad 
excites  currents  in  the  water  around  it,  to 
aerate  its  surface,  by  the  rapid  vibration 
of  its  cilia,  as  man  produces  currents  in 
ti^e  air  for  the  same  purpose,  by  the  alter- 
nate motiniis  of  his  rlhii.  The  ohjeet  of 
respiration  being  merely  to  oxygenate  the 
fluids  of  the  body,  to  renovate  their  vital 
properties^  and  to  prepare  them  for  their 
functions  in  the  economy  hy  cxposiiisj; 
these  lluids  to  thu  iullueucv-  uf  atiuoi^pheric 
•Ir,  either  in  a  pui*e  state  or  as  contained 
in  water,  it  is  obvious  tl  at  it  may  be  per- 
formed through  the  medium  of  any  soft 
or  membranous  imrtion  of  the  body,  as 
the  general  sorface  of  the  skin  or  intestine, 
without  having  any  organ  !»jjAeinl!y  appro- 
priated to  it.  Indeed,  in  the  lowest  tribes 
of  mimab,  the  general  surlace  of  the  body 
is  the  onTy  part  through  which  the  atmo- 
spheric iiifiueace  is  received,  and  tli  j  ^kin 
is  obviously  the  origin  of  most  fuiuis  of 
the  respiratory  organs.  The  gills  of 
aquatic  animals,  and  tli"  pidmonic  cavities 
of  the  invertebratcd  tribes  opening  on  the 
sides -of  their  body,  are  but  extensions  of 
the  general  integument  over  whicli  the 
Mood  h  more  or  less  distributed  ;  and  the 
complicated  lungs  of  ihe  higlieat  classes 
are  but  internal  developments  of  the  skin, 
or  of  its  eoiitiiuiatiou  the  alimentary  canal. 
A.lchough  there  is  no  special  organ  appro- 
priated to  respiration  In  the  lowest  ani* 
iDhls,'aild  tMs  ftmction  is  performed  by 
the  simplest  means  in  the  hiu;he8t  classes, 
it  is  one  of  the  most  important  and  iniHs« 
•eaiitfile  in  all  aniihah.  It  restores  the 
lost  properties  of  the  fluids,  it  gives  ac- 
tivity to   all  the  nri^nn*?  and  incrcnsfd 


laminae,  and  they  do  not  appear  to  bo  de- 
si  irned  to  afford  a  surface  for  the  distri* 

bution  of  capillary  vessels.  They  con- 
tinually rctic  V  t1;c  stratum  of  water  ii\ 
contact  wiih  the  surface  on  which  they  are 
]>laced.  Their  motions  are  generally  so 
rani  1  that  they  are  only  seen  during  tli-  ir 
motion  forward,  their  stroke  to  imimi  the 
water,  and  being  visible  only  in  this 
slower  HJOtion,  they  appear  to  the  eye  to 
move  always  in  the  same  direction.  From 
the  extent  and  width  of  the  alimentary 
canal  of  these  animals,  and  the  numc* 
rous  cavities  which  open  into  i;  and  which 
arc  often  seen  di.^tcndcd  with  water,  tlicfr 
rc-piratit»n  may  ia  part  be  effected  by  their 
int  rnal  as  well  as  their  external  surface; 
and  where  the  structure  is  so  simple  and 
the  functious  so  few,  this  extensive  respi- 
ration must  contribute  to  their  great  and 
continued  activity,  to  their  rapid  develop- 
ment, and  the  extraordinary  fertility  of 
their  races.  Thus  we  perceive  that  this 
important  function  is  efl^ected  in  them 
without  the  aid  of  hrjinehiie  or  lungs  of 
any  kind,  and  simply  through  the  skin  or 
its  continuation  inwards,  the  alimentary 
canal,  as  we  find  in  the  embryo  state  of 
the  highest  animals.  Their  cilia  are 
merely  the  organs  by  which  the  stratum 
of  water  in  contact  with  their  snr&ce  b 
rapidly  and  incessantly  renewed;  they 
are  the  organ<*by  which  they  swim  to  and 
fro  in  the  walcj  ;  the  or-au^,  couacqueniiy, 
which  are  useful  to  them  in  pui-sulug  their 
prey  aiu!  ohtaining  their  foo  1.  Their  simple 
oiiganizatiun  reuuircd  uo  other  respiratory 
S3rstero.  l^eir  bodies  are  not  yet  covered 
with  solid  shells,  or  with  dense  impervious 
scales,  or  with  otfcer  bard  materials  which 
would  exclude  the  general  respi^'atoi;|'. 
influence  of  water,  and  necessitate  tlie. 
formation  of  gill^  or  lungs;  but  con:iist 
merely  of  the  soft  ccHMfrir  ti«'<iie  in  wliich 


cue; 


lergy  to  aii  the  fuuctious,  it  im  the  source  ,  oil  higher  orgaukatiou:^  arc  developf^L 
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SoTnctimes  they  arc  sheathed  in  a  tbia 
transparent  homy  pellicle,  from  which  the 
ciliated  and  prehensile  portion  of  their 
body  is  capable  of  bciiig  extended}  and 
conseqnendy  of  efl^cting  all  ibe  Te<|idred 
respiration.  TheRC  loricated  auimalcnles 
are  much  fewer  than  those  which  have 
the  whole  siu'face  of  the  Ijody  naked,  and 
ivldeli  1i«f«,  CQMefuenllf,  the  freest 

means  of  respiration. 

In  describing  the  organs  of  the  cir- 
cnlation»  I  mentioned  that  a  reticulated 
vascular  appearance  was  observed  OTer 
the  surface  of  the  body  of  these  polygas- 
tiic  naked  animalcules  through  the  aid  of 
a  mioroteope,  in  vfafch  raacular  plexus 
there  appeared  to  bo  a  motion  of  fluids 
without  the  least  a[)pearance  of  con- 
traction or  motion  of  those  capillary 
vessels  thenM^tves.  This  is  the  best  posi- 
tion  for  them  to  occupy,  it  is  almost  the 
only  position  in  their  body  in  which  the 
Uood  cotild  be  placed  lo  come  nearly  into 
contact  with^eaurrounding  elemoi^aiiid 
thus  to  be  prepared  for  the  nourishment 


direct  the  currence  thfO^'theteabdittt 
catiais  and  evifieea.  'iMiM'tte 

the  constancy,  and  smootlfheBS,  of'tbwe 
currents  during  the  whole  hfb  of  the  pod> 
l<Mt>aa  animalt,  it  Is  obvfoee  Httt'tlWf 

are  not  by  means  of  these  currents  snttcb* 
ing  at  animalcules,  or  drawing  in  the  cur- 
rents solely  for  the  purpose  of  seizing  some 
particular  kbid  el  food  whicb  tbey  percehre 
or  feel  in  contact  with  their  surface.  Hie 
motions  are*  as  almost  all  movements  pro- 
duced byvibratilecilia,  morellkerespiratory 
currents,  or  like  8<mie  physical  phenomena 
not  depending  on  vitality;  it  is  acontinned 
stream,  as  regular  as  the  molionsof  riven 
from  their  eouroe  to  the  ocean,  or  aafyeflMr 
movements  depending  on  the  established 
order  of  things.  Now  the  effect  of  these 
currents  is  here  again  obviously  to  bring 
fresh  strata  of  water  in  eentact  with  the 
whole  of  the  gelatinous  surface  of  their 
body,  and  through  the  whole  of  the  inte- 
rior oavitlea  of  their  canaH^  wbleb  awdto 
lined  by  the  same  soft  gdbtinous  or  cel> 
lular  substance.    No  apparatus  for  seiiing 


of  the  systena  in  those  simple  animalcules,  animalcules,  or  food  of  any  kind,  is  ob* 
wlMvetbereMre  no  special  tnbeaor  distinct  I  served  in  the  wbole  struetnre  of 

cavities  for  conveying  that  medium  freely 
through  the  system.  The  structure  and 
forms  of  those  minute  cilia,  and  their  re- 
golur  though  varied  disposition  over  the 
surface  of  the  bo<ly,  1  have  already  had 
occasion  to  speak  of  in  describing  the 
orgKM  of  meotm.  Ssmetlmes  ive  cannot, 
from  their  extreme  minuteness,  determine 
the  regularity  of  this  disposition.  We  find 
liiem  generally  larger  at  the  anterior  part ;  place  to  tix  up  and  develop.  At  this  pe* 
0^  liie  body,  oAen  snrroenduig  the  en-  riod  we  can  pereeive  diatteetiy  Ihe  las* 
trance  of  the  alimentary  canal,  and  often 


bodies.  They  a])proach  nearer  to  tbe 
vegetable  kingdom  than  any  other  Icdowb 
animals ;  and  many  eminent  natentDNik  it 
Blumrnbacu,  regard  chem' ayregetaUeii. 
In  their  embryo  state,  or  when  in  the  con- 
dition of  gemmules,  we  observe  ttem 
moving  abotit  Iflce  tbe  gewMSto^'otliNi^ 
phytes,  movhig  to  and  fro  by  the  actido 
of  distinct  cilia,  in  search      a  suitable 


regularly  disposed  in  longitudinal  scries 
over  the  sor&oe  of  the  body,  as  we  see 
often  in  the  largor  cHiog^dc  acalepha. 

In  the  poriferous  animals,  although  we 
can  perceive  neither  cilia  nor  any  other 
dittlnet  apparatus,  tsnding  to  convey  a 
fresh  stratimi  of  water  incessantly  over 
the  surface  of  thcii*  body  and  over  the 
parietes  of  their  internal  canals,  the  slight- 
est observation  of  those  animals  in  the  liv- 
ing state  shows  us  the  rapidity  with  which 
the  water  is  actually  renewed  over  the  sur- 
ftee  of  ttmir  body  and  thronghout  the  whole 
of  their  internal  canals— the  force  wiUi 
which  it  is  drawn  in  through  their  inter- 
nal pores,  and  the  velocity  with  which  it 
iscenv^ed  through  sH  ttoear  anastomosing 


cessive  movements  of  those  dlto;  we  can 
easily  see  their  shape  and  how  they  cause 
the  little  gemmules  to  move  forwarMI* 
revolve  on  their  axis;  aaBA 'from  the db- 
tinct  existence  of  those  organs  in  the  em* 
bryo  state  of  the  poriferous  animal^Jt 
is  tbe  more  prdbalHe  that  aeme  tVaOkt 
apparatus  for  the  production  of  the  cur- 
rents, and  for  the  nourishment  and  respi- 
ration  of  the  body,  may  continue,  though 
not  distinctly  perceptible,  through  the 
whole  of  life.  It  is  obvious  that  Ihoe* 
currents,  by  occasioning  oonstmt  frtifc 
supplies  of  Vwter  In  contact  wiCbdW>M>ft 
body,  roust  contribute  both  to  thO'idiiii' 
ment  and  the  aeration  of  those  poHfereiit' 
animals  ;  so  that  their  respiration,  though 
not  provided  wiOi  a  separate  oigan  for  in 


iirternal  canals,  and  incessantly  thrown  •  pcrfonnance,  is  eflFected  by  every  point 


ont  by  all  the  largo  orifices.  The  organs 
by  which  those  respiratory  currents  are 
effected  whieb  are  so  obvious  in  tdl  the 
living  poriferous  animals  have  not  yet 
been  observed,  but  from  analogy  it  is  very 
jrowmte  mNR  »ue^  ai e mnciea  oynwimnv 
Yfliratile  minute  cilia  disposed  on  the  intfr- 
tiirof  liMirpim  and  eaaaK  so  aa'4(i 


the  exterior  and  interior  of  their  body. 

In  the  polypiferoira  anlmds  tlM*'res# 
ration  is  aquatic,  and  is  pet foiritftf'  y 
means  of  vibratile  cilia,  varioesiy  dlspos**^ 
on  the  polypi.  The  Eoopbytesioay  afanei^ 
itt  tegaiM  ab  lKM^fm,  1^ 
gins  of  tbe  pores  extendei^Ut  an'!  dei^ 
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rapid  Mfid  oooftiiil.lti  their  motions  u  V9 
find  them  around  the  mouth  of  many  poly- 
gastric  and  mtifcrous  animalcules.  Tbey 
m  often  disposed  anrand  tb«  orifice  of  the 

polypus,  when  the  arms  arc  not  vibratile  ; 
most  frequently  upon  the  sides  of  the  ten- 
tacula.  They  arc  disposed  and  moved  in 
liicli  a  manner  as  tlwk  the  streams  which 
they  pro'hu  c  in  the  surrounding  wattn*  arc 
dfiveo  aioug  the  one  aide  of  the  tentaculum 
teom  the  mouth  of  the  polypus  and  on  the 
other  side  of  tlic  tentaculum  always  to- 
wards the  irsoiith  of  t)ie  ]>o];,  pusi  And  we 
never  find  tiiat  (iucctiua  oi  lian  niotiou 
Mnersed,  or  that  direction  of  the  currents 
changed,  by  which  their  ic-]:! ration  is  ef- 
|iecte<i.and  their  £ood  obtaiueU.  They  are 
vibratile  on  the  aim*  of  most  of  the  lower 
zoophytes,  as  itrtularia,  plumularice,  se- 
rialaria?f  cellantP,  flnstrfp^afryonia,  which 
keep  their  arms  stifily  out  in  a  regular 
OBinpttinibte  finrm,  while  the  correnta  flow 
to  their  mouth.  When  we  watch  the 
sides  of  the  tentacula  of  those  animals 
with  attention,  and  by  the  aid  of  pow- 
mSA  glaeset»  we  lea  the  extreme  rapid* 
ity  of  the  moveuipnts,  and  the  r'-mark- 
ahle  j-eguiuiity  of  the  form,  dii»j>o»UtoD, 
Spd  nofelons,  of  thote  singular  vibratSle  bo- 
dies. From  the  numh(  [  of  them,  exceed- 
ing. soTnotimes  400,000,000  in  a  sin^'le 
apioDal,  it  lii  not  probable  that  thuir  e.xuaor- 
i&iMrf  rooveraenta  are  the  result  of  any 
spontaneous  efforts  of  the  aniiral,  or  are 
accompanied  with  any  kind  of  perception 
or  consciousness  in  thrae  animals,  whidi 
tew  never  been  found  to  present  a  shigle 
nerve  in  thfir  hot!ies.  The  independent 
nature  of  the  luoiiuu  of  those  miuute 
Mipimtory  organs  it  obMrved  when  we 
cut  off  the  tentacula  altogether;  and  ob- 
serve, that  they  still  continue  the  rapid 
vibration  of  tlieir  cilia ;  and  though  bevei  ed 
fton  tiie  polypus,  the  tentacula  continue 
to  mo\'(»  forward  through  the  w  ntpr  ;  the 
levered  tentaculum  of  &JUi8tra  is  seen  to 
vwini  thnm^  the  water  like  a  worm. 
Tilt  Munbti'  of  those  organs  varies  mucl] ; 

there  are  eight  in  aerinlaria  leniliijera  nivi 
in  piumuiaria  JalaUOf  fourtceu  ui  ceiiunu 


(oUhui,  inm  large  quantfto  of  the 
rounding  water  into  their  interior,  to  at 
greatly  to  totlend  their  fiinction  of  retpi* 

ration* 

In  the  aeiilepha»  or  the  aea^nettlet,  th« 

respiratory  organs  still  present  themtrfvet 
in  the  form  oi  vibratile  cilia.  On  the  sur- 
face of  the  ciliograde  acalepha,  vibratile 
cilia  are  formed  of  great  magnitude,  sym- 
metrically  disposed,  in  longitudinal  scries. 
Those  cilia,  when  viewed  with  a  powerful 
glass,  are  observed  to  be  compoeed  of 
parallel  rays,  slightly  curved  at  their  free 
extremities,  and  similar  in  their  appear- 
ance to  the  rays  iliat  support  the  fins  of 
fishes.  There  are  in  the  beroepiiem  some 
forty  of  these  broad  flat  fin-like  cilia  in  each 
of  the  loQgitudiual  series:  and  of  those 
longitndinal  tenet  there  are  eight  along 
the  sutface  of  the  body.  Their  motion  is 
generally  from  the  mouth,  which  is  in  the 
centi'e  below,  upwards  towards  the  anus 
which  it  diagonally  opposite ;  thit  direo- 
tion, however,  they  can  rcvci-se  at  idcasure. 
When  we  watch  the  interior  of  those  ani- 
mals, we  ob&erve  a  constant  revolution  of 
fluids,  in  tnliet  within  their  bodies,  without 
the  least  motion  apparently  in  the  tubes 
themselves  to  produce  these  currentt 
within,  a  phenomenon  which  retnerkahly 
resembles  in  its  whole  appearance  that 
\vhi<  h  we  tee  taking  plaoe  in  the  cells  of 

plants. 

The  rapid  vibrAtion  of  Uiote  cilia  wUl 

tend  obviously  not  only  to  move  those  oi- 
lic^ade  acalepha  through  the  water,  and 
th^  serve  as  organs  of  progressive  motion^ 
but  they  will  also  be  a  means  of  bringing 
them  towards  their  ordinary  food,  which 
appears  to  consist  of  minute  cnistaoea 
flicMting  in  ahmcwt  every  drop  of  the  tea* 
They  will  likewise  have  the  effect  of 
chniitriiic:  t!ie  Ktratum  of  the  water  in 
contact  v*itii  ilie  thm  pellicle  covering  the 
surface  of  their  soft  body,  and  of  thus 
aerating  their  whole  celluhir  t;5-uc.  But, 
indeed,  the.  whole  body  ot  these  soft  ge- 
la<laout  aninuds  it  at  a  lung  breathing  tlie 
surrounding  element. 

We  observe  in  tnnny  of  those  acalepha. 
that  there  are  air-sacs.    In  that  group  of 


mnmhvUi,  twenty-two  In  /hahm  ewr6esia.  |  acalepha  which  liave  been  denominated 

hydrostatic  by  CuviEn,  such  as  you  ob- 
serve in  the  phymiia^  this  large  air-sac 
is  not,  however,  like  a  pulmonic  cavity, 
capable  of  drawing  in  atmospheric  air,  of 
expelling  it  again,  and  of  thus  aerating 
their  internal  fluids ;  but  it  more  probaU/ 
oontitftt  of  a  gtteova  flnUI  due  to  the  vitsA 
powers  of  these  acalepha,  or  of  air  whidi 
they  abstract  from  the  water,  and  which  ia 
designed  to  enable  them  to  swim  upon  the 
surface  of  the  water,  where  their  fiDod*  it 
most  abundant,  and  where  the  atmo- 


The  effect  of  those  motion"  of  the  cilia 
l^un  is  obviously  to  change  the  stratum 
water  constantly  in  contact  with  the 
most  delicate  fleshy  parts  of  those  zoo- 
phytes, with  thf>  highly  organized  soft  ir- 
ritatAe  fleshy  polypi.  Thus  they  aerate 
ttt.eelkiltr  tastnie  of  theiv  body  at  the 
same  time  that  they  hring  the  animalcules 
their  ordinary  food  within  the  grasp  of  the 
teiiUcuIa.  Many  su^ptiytes,  as  MtUaria, 
99rfonikti^i»k^imfttWm>»,  without  vibratile 
cilia,  are  aerated  over  their  whole  exterior 
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abundance  througli  the  water  to  aerate ,  of  pt/ipintory  system  icca  m  Ibc 
tbclr  whole  surface.  They  aie  capable  of ,  echino<1eniUp^th&t  intcrnAlraini£eO  fonu 
expelling  thb  gas  in  part»  and.  of  con)- 1  which  we  &ee  in  the  kolothijuriai  ^^i^ 
pressing  it,  and  thereby  of  rcndoiilg  tbeir  lengthened  aoft  fleshy  '  ' 


bodies  specificftUy  heavier,  so  as  to  penult  j  animal,  with  five  longitudinal  series  of 
them  to  sink  in  the  water.  It  dues  not  i  fleshy  tubular  fioeV  ,  eiitem'^' 
appear  ooDslatcnt  wit%  analogy  to  suppose  |  sides  of  its  bodv,  arcangcd  • 
that  these  ur*8acs,  belonging  to  animals  a  heroe.  \\*chavc  bere  e 
80  low  in  the  scale,  are  capable  of  licing  at  the  posterior  end  of 
filled  at  pleasure  with  atmospheric  air,  and  closca  of  the  holothuria,  into  which  t)i^ 
of  being  agMn  expelled,  as  if  tbesc  soft !  intestine  opens,  which  intestine  you  obt 
geiatinouSi  musclLloss,  nerveless,  and  al- 1  serve  throughout  its  whole  extent  filb| 
most moUaolessaniniaLSyaUcady possessed^ with  sand.  Extending  upwards  tbroiu^ 
Iai|^  respiratory  lungs  Hke  a  Tertebratodithe  abdomen  from  the  right  stdeof  jfi^.. 
animal.  In  several  mcdusa>,  sacs  are  seen  j  doafw,  yon  will  observe  a  short  wids 
opening  externally,  and  separated  by  thni '  which  immediately  divides  into  *.wo  pritt' 


septa  ii-om  the  cavities  of  the  stomach, 
which  appear  destined  to  extend  the 

respiratory  surface  of  these  animals,  but 


cipal  trunks,  then  ramiflcs  and  t^jL^yj^ 
into  a  series  of  beaiitlAil  nVui&fs* 

pillary  vc  sscls.    Those  are  ramified  water 


their  greatest  respiration  is  aiound  the ,  tubes,  internal  brancliiic,  on  which  tlic 
margin  uf  the  mantle  where  they  are  most  •  bloodvessels  Uoiu  the  intestine  tiic  dU^y 
vascular.  |lyated  before  they  unite  into  the  gicsK* 

In  the  ccliinodcrmn  we  observe  more  systemic  trunks  to  supply  the  body.  They 
distinct  and  complex  forms  of  the  re- ,  arc  the  respiratory  organs,  qC^^  Ih^ 
spiratory  apnaratns.  In  the  asterias, !  thuria,  and  are  situate  l»Btweei^Mfl(f9P<H^ 
the  upper  surmce  of  the  body  we  find  to  |  blood  and  the  artedal  traiikili|t#^w 
be  covered,  in  the  living  state,  with  very  j  tern.  This  form  of  the  resjjirator)'  orgaiu 
minute  transparent  fleshy  tubes,  which  rise  [  is  interestiiig  in  the  hoiothui;i^  wumip, 
and  sink  incessantly.  They  somewhat  observe  the  water  is  not  taken  in  W^i 
resemble  in  thtir  form,  though  they  are  '  mouth  for  respiration,  but  by  the  oj[f^(||||' 
extremely  minute  w  hui  compared,  with  j  extremity  of  the  body,  uud  a  similar  Ml*, 
tbcm,  those  large  inferior  fleshy  tui>es,  the  jtion  of  the  brauchie  is  seen  in  the  U^^)^Ui^ 
organs  of  motion— the  arms— that  extend  |  Upon  these  facts  Gkovf.  St^-^KUvmb^Iiis^ 
firom  the  ambulacra  at  the  lower  part  and  laid  some  strcrss  in  attempting  to. cxpUin 
tntddlrgroovc  ol  the  rays  of  the  a^teriaii,  the  use  of  those  two  ppeiHOgfi  4i»f'^lsf4^^ 
which  are  the  muscular  and  prehensile  into  the  cavity  of  the  pentoiieuii^j|4-/i^ 
feet  by  which  they  are  moved  to  and  fro. '  diics,  as  w  ell  as  in  many  cartiiagiMV^IAd. 
Tliose  organs  on  the  upper  surface  of  the  osseous  fishc.<«,  wliezc  he  has  <  o:Kxivc\l 
body  appear  to  be  iucessontly  occupied  in  j  them  adapted  for  an  aquatic  ictiUituJ^oa,' 
conveying  water  into  the  interior.  In  the  while  these  animals  are  stni^SlWg 


interior  this  water  Is  conveyed  by  mem 
branous  canals  whidi  are  observ  cd  in  con- 
tact with  the  vasculai-  s}btem,  and  it  is 

propelled  into  those  huge  inferior  mus- 
Cnilar  and  tubular  feet  to  enable  tlr.'m 


tbeir  prey  umicr  water,  as  we  hav  e  ui*-,- 
tincily  iu  tiiesc  ecbinoderum  an  aquotit; 
res])iratian  performed  solely  tl^.'^i^h  tj^p 
cloaca.    He  has  extended  thepe.flolpfSShi' 

gardint;  tlie  abdominal  respiratioDi o(  JMh<^ 


thus  to  be  forced  out  from  the  iiurface  '-''j  T  r  "f  tbo  nuunMMfJjriiii 

those  ambulacra.   It  is  a  mechanism  by  |  as  the  marsupial  animals  and  the  9<IMih 
which  we  sec  the  feet  of  most  cf  thr  tiema.    Tiic  function  of  these  isyiMllA' 
echinodcrma,  like  the  tubular  tentacula  of  |  anal  sacs  of  the  holutkuna  is  questioodb 
actinia!,  to  be  extended  from  the  surface  j  by  Chiajk,  w  ho  could  nut  And  any^Qisit 
of  the  body,  by  the  injection  of  water  |  nexion  between  them  and  the  vascaliMrJ 
into  them.    Now  the^e  respiratory  organs  |  syatem,  and  who  regarded  the  tubular  feel 
of  the  asterias  were  vcr}-  accurately  de-iaud  the  ramose  lentacula      the  W^tCCB 
scribed  by  Rbaumce  more  than  a  hun-  spiratory  organs,  but  I  hwe  obseMeAiiw>i» 
dred  years  ago,  both  their  structure  and  |  large  holotkuria  penfarlcs  frcui  thcl^ilii 
their  uses.  of  Forth  often  distend  its  hoAy  to  tvc  or 

In  the  echinida  wc  often  perceive  si- ;  bix  times  its  size  when  coAti;»ct«<iLU>>ittr 
milar  small  tubular  fleshy  organs,  not  j  haling  water  through ]tti«;anM%«mi^^ 
adapted  for  locomotion,  w  hich  appear  to  ]  that  water  again  from  the  same  aperture 
inhale  ws^  for  the  aeration  of  the  blood,  I  to  a  great  distance,  Ji^  jUMO^i^ 
aai^  tikis iwatet  it  always  Jbnnd  in  large  |  which  it  was  kepL^  ^  .  ;  .  iK4«ti/ 
qiiantity  between  the  Aell  of  these  animals     In  the  entfati^  4lie>.|ow4lt  of  the,arti>»' 

culated  classes,  we  have  animals  which 
hftve  no  necessity  (ok  extecior  .protsctuii. 


and  the  cpntainnd  digestivu  andgeneratiro 
orj»ns.  .  .   ,  ^ 

Thik  aaoafc  amuilieaiadaiid  ^t»*tai»t  £^a^ 


\ 
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great  iDCOflVCfllcnci  'l^  impeding  their 
inmions  in  gUdit^  -throncrh  the  soft  tex- 
Uir«  of  the  botHe*  IK  which  they  fc^tl. 
The'toMett  of  'tlie  cutarieoot  sarfkce 

wl^ich  they  more-  required  and  which  the  v 
|i098es»,  h  *«nfHciont  to  allow  their  drcxi- 
latlttg  fluiti  to  he  oxygenated  by  the  fluids 
«f  fbeMitlMll  in  which  they  live,  like  a 
ftrtns  in  utero.  llieir  circnlatint?  fluid  is 
tbus  oxygenated,  and  their  temperature 
tncetHte  n  raised.  Bad  dependir  on  tlie 
toft  parts  of  the  animals  in  which  they 
reside.  No  bTntichia"'  nor  internal  sacs 
for  rcsjilration  have  lieen  detected  in  any 
aninimls  of  lM»  class.  We  know  that  theiV 
cimtlating  system  is  distinct  and  highly 
developed,  particularly  m  those  more 
complex  forms  that  are  fotmd  attached 
to  tne  outer  surface  of  the  body.  In  the 
ft»to'/on  thf  rirnilntinr::  system  i??  confined 
to  voxels,  and  these  arc  chieHy  distributed 
BMr  fbo  inHiwo  of  the  body,  vrhere  they 
arc  ntost  exposed  to  be  aerated  tiiroiigh 
the  thin  skin. 

In  the  rotifcrous  animals,  though  highly 
developed  in  most  of  their  organs,  no 
branchitr  hnvc  been  discovered  ;  hut  \vc 
observe,  as  in  many  aquatic  animals  bc- 
n«Mb  then  hi  the  sode,  that  the  surface 
of  the  anterior  part  of  their  body  presents 
numerotis  active  vibratilc  cilia,  disj)osed 
gcuer&ily  lu  circles, — these  are  tine  w  heel- 
aiihMileulet.  Thoee  tihratile  cilia  have 
here  great  ?i7e  and  strcnp:th,  are  moved 
bf  powerful  muscles,  and  they  have  Uga- 
uMBlf  aleo,  by  which  they  are  aAtachea  to 
the  anterior  ])art  of  the  body.  Those  arc 
the  ori^'nns  of  respiration  as  well  ns  of 
progressive  motion.  Those  animals  poa- 
eeti  a  circulating  syatem,  consisting  of 
vessels  distribnted  near  the  surface  of  their 
thin  transparent  skin,  and  it  is  probable 
tbi^  the  rapid  aetkm  of  thevibratile  cilia, 
betides  embling  them  to  jmrsue  their 
prey,  to  move  to  and  fro  in  the  ^vnter, 
•erve  to  aerate  their  blood.  Their  capa- 
cioM  aMofllhMd  cavity  appears  genemlly 
diiftcuded  with  pure  water,  and  a  vibra- 
tion of  small  cilia  has  been  observed  by 
Ehaenbsro,  both  on  the  peritoneal  sur- 
face of  tntetttaie  aad  In  its  interior, 
which  tnay  eontHbiite  to  aerate  the  fluids 
in  the  wheei-aniinakulcs  where  there  are 

In  the  cirriiopodt  we  observe,  however, 

distinct  pill*,  which  vary  in  their  number 
in  the  ditlei  eut  species.  The  two  lami- 
mn§  pynunldal  organs  attached  to  the 
bases  of  the  two  proximal  pairs  of  tliose 
dilated  cirrbi,  wliich  yovi  perceive  ex-, 
tending  froM  th«  pOMtmrpnrt  of  the 
body  in  tliete  specimens  of  dvatifot  pre- 
sent a  somewhat  different  form  from  the 
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crlng  of       JMttr^r  vbdlHr •wooUl^  a  f  cttrved,  and  of  a  lij^r  eolottr.  Ton  ' 

«6e  them  very  well  in  the  specimens  f 
now  send  round,  in  wbich  I  have  drawn 
out  a  little  the  cirrhi,  ami  removed  the 
shell  flroni  one  tide  of  the  body.  ^nuMe 
nrc  the  two  pairs  of  branchirc  of  the  ana^ 
ii/a,  whicli  in  some  cirrhopods  much  ex- 
ceed that  number.  They  extend  from  the 
sides  of  the  month,  like  the  lips  of  a  bi- 
valve, or  the  arms  of  a  bracbiopod,  but 
they  are  gills  formed  like  those  of  crus« 
tacea,  and  siroitarly  attached.  The  lon^ 
curled  feet  wliieh  tbesc  animals  arc  con- 
stantly extending;  and  retracting, have  been 
sii])poscd  to  be  uiito  respiratory  organs. 

The  respiratory  organs  of  the  red- 
blooded  worms  are  interesting  from  the 
variety  of  forms  which  they  present.  We 
find  tome  of  Them  to  be  organized 
breathing  atmospheric  air,  by  nieans 
numerous  ]ndmouic  sacs,  and  others  for 
breathing  only  through  the  medium  of 
water.  Those  water^breathmg  annelides 
which  nrn  ronfincr!  in  tnl)e3,  whether  of 
sand  or  oi  agglutinated  particles  of  shells, 
or  in  calcareous  tubes,  which  they  e.xudc  la 
one  piece  from  the  surface  of  their  hody> 
can  only  have  their  branchirc  disposed  on 
the  anterior  part  of  their  body  and  tiieir 
head,  which  it  generally  kept  extended 
from  the  tube.  Tliosc  are  the  cephalo- 
branchiai  or  the  tuhiculous  annelides  of 
CuviER.  It  is  the  position  in  wbicii  the 
branchise,  in  the  form  of  beautiful  plumose 
tufts,  arc  most  exposed  to  the  surround- 
ing element  in  animals  that  reside  in 
tubes,  like  these  ierebelkt  and  peetimrkts 
They  are  not  in  the  form  of  those  ciliated 
p}Tamidal  branchial  organs  which  you 
see  in  the  enclosed  testaceous  cirrhopods, 
but  they  are  here  generally  straight  and 
plumose,  and  bcautifnlly  ratlirftin:^  from  a 
centre  to  foi*m  a  fan-like  expansion  around 
the  head.  Tlieir  symniettical  and  cilia* 
ted  gills  are  beautiful  from  the  brilliant 
hues  they  display  \v}icn  we  watch  them 
in  the  living  state  in  sea-water,  througlt 
the  aid  of  a  magnifying  glass.  In  other 
annelides,  as  in  the  common  sand-worms, 
the  arenicola  pincafon/m,  the  brancbia'  are 
in  the  fonn  of  large  ramiAed  tufti>,  con- 
fined to  the  middle  part  of  the  back  ;  they 
are  seen  extending  in  a  row  of  thirteen 


upon  each  side  of  the  dorsal  part  of  the 
body.  The  blood  being  here  of  a  red 

colour,  and  all  the  parts  perfectly  tranv 
parent  m  those  ramified  tuffcs,  produces  a 
beautiful  appearance  in  the  living  state^ 
when  they  shoot  up  and  sink  down  by  ' 
impulsion  of  the  red  blood  intothcni  by  the 
great  vessels  of  the  trunk.  That  contrast 
of  lively  colonrt  and  transparent  parts 
presents  a  beiiMd  Wfipmnaiee  in  thete ' 
red  blooded  worms  when  seen  through  a 


rest  of  the  feet)  being  shortyt  tluck,  i^mt^  (j^s  vessel,  fiUed  w  ith  pure  sea-water*  1% 

3Q 
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'  •Hkcrs,  again,  Btfhi^eplehM,  the  bnmobfft; 
'  Are  disposed  in  regnlar  rRinified  t«fts  along 

the  whole  extent  of  the  back,  from  the 
anterior  to  the  {lostchor  navt  ot  the  body 
MompaTiying  th€  #ofMl  or  IMC* 
ral  rows  of  feet.  The)-  have  a  sirnilar 
raniifiod  structure,  however,  to  those 
ol  the  are/iicola.  In  the  common  sea- 
mouse,  the  a]rtir«itllB,  «r  lil*  Mttkta 
acnfc'ita  of  r>.\MARCK,  there  arc  very  small 


nt>UAM^  which  have  this  atttietare,  ; 
common  tiHii^iwOriti      the  )e«oh,  iiHy 

respire,  hy  mearis  of  these  nacs,  either  In 
or  out  of  the  water,  or  they  may  abatnot 
tflr  Hwm  Hm  *w«t<r  f  ttdf. 

In  the  myriapode,  the  lowest  of  the  «n- 
tomoid  classes,  we  find  a  condition  of  the 
respiratory  cH^gans  much  moie  complex 
^an  that  of  the  anwsHdis,  and  vrkAdk  U 

destined  entirely  for  atmospheric  air.  On 


respiiatory  tofts  at  the  bases  of  the  upper  j  the  sides  of  the  segments,  we  obssrve 
Ifom  «f  feet,  «i4  tile  largw  taBoebllB  in  |  very  stnaA  Iwt  my  umifmas  ^tffMMiMi 

Itonb  of  compressed  sacs  are  disposed  upon  I  placed  singly,  as  in  fnMcts,  that  teri 

each  side  of  the  back;  but  those  flat  round  j  into  ramified  trachcne  or  air-iithcs.  Thm 


sacs,  like  thirty  pah*s  of  plates,  opening 
%u«rally,  are  w«Mie  ttlMyf«  tiM  aMootinal 

cavity,  and  concealed  from  view  exter- 
nally by  a  thin,  loose,  reticulate  exterior 
integument*  Homr  imagined  thatt  the 
intetttnal  caeca  extended  faito  these  sacs. 
Again,  in  others  of  those  annelides  we 
obser?e  more  perfectly  formed  air-sacs, 
lining  frtmt  the  tMM,  iiid  extcaJtiig 
into  the  interior  of  the  body.  A  transition 
to  these  is  formed  by  the  compressed  lateral 
0acs  of  the  halithea.  Tho»e  which  present 
this  structure  have  been  termed  crypto- 
branchia.  Those  in  which  we  observe 
the  gills  disposed  on  the  back  have  been 
Mfflod  (loni*1fnuM!iiUu  Tfavt  Ihtio  ofdors 
have  been  established  among  the*  anne- 
lides from  the  form  of  their  respirator}- 
oi^ans.  Numerous  regular  pairs  of  those 
TCtpimtmY  «lr4r<Mlelci  -m  ttfen  in  the 
leech,  separated  from  each  other,  by  about 
five  segments  of  the  body.  We  observe 
their  round  form,  and  internal  position, 
and  hifflilf  twcalar  nveeai  linAiig,  also 


traches  in  most  of  the  rtujrinpoda  tht- 
hfftuOIki  Mbdlvlde  hmnediawlT  fKM»«aiii 

of  the  Ptipmrita,  and  thiis  they  differ 
somewhat  from  the  insects.  In  tlie  •«•- 
tigera  the  stigmata  ojien  on  the  inh^llf 
the  back.  In  the  tnie  insects,  we  observe 
two  great  lateral  tubes  recc'i^  ing  air  bjr 
short  canals  from  the  stigmata,  aodct- 
tending  along  the  tides  of  tke  My*  frMi 
^liiich  common  lateral  trunks  all  the  com- 
plex ramifications  of  tracliejc  and  air-sacs 
of  the  body  are  given  off;  but  in  Ibost 
myriapods  where  thc^  ftubdivide  IMR 
quickly  into  tufts  of  air-vesst-ls,  wc  hstr 
an  intermediate  stage  of  developntent 
between  that  of  tbe  rtmiMl  sln)ple  ift^ 
vesicles  in  the  pulmonatcd  annelides  ind 
the  long  lateral  trunks  and  rauMstflBM 
we  meet  with  in  the  insecttf.      •  '  •  > 

in  tbe  f^MK  of  f  fieecfs  *iwelrairi|f 
two  lateral  scries  of  stigmata  leading  to 
ramified  tracheae  in  the  larvn  condition;  hot 
in  the  perfect  insects,  where  all  theorgaas 
hare  arrived  at  their  complete  cUtsdofieKt 


in  the  common  earth-worm,  where  they  [we  observe  that  those  stigmata  snrromidt^ 
are  seen  opening,  each  by  a  separate  j  by  distinct  ]>romineut  edges,  often  ciliated 
Maud  orifice,  upon  the  sides  of  the  body,  j  and  opening  on  the ridee  of  the  aluliiiiwl 
Those  little  respiratory  air-sacs,  opening  |  segments,  lead  into  two  long  parallel  latttal 
by  small  orifices  upon  the  surface  of  the  tracherr,  that  ramify  like  bloodvessel! 
tides  of  the  segments  in  the  earth-worm  through  all  the  paits  of  the  body.  Th^ 
and  the  leech,  destined  to  convey  supplies  I  ramify  throogfa  all  parts  of  tteo'trank  M 
of  fresh  air  for  the  aeration  of  the  cir- ,  the  animal,  through  the  head,  the  interior 
cukiting  red-blood,  present  us  with  a  of  the  eyes,  the  antennae,  the  extremities 
fcinple  bat  u  interesting  rudimentMy  of  the  body  to  their  minutest  parts.  *Wlai 
Oondition  of  that  most  complex  respiratory  |  we  trace  fllflte  tracheae  towards  their  ter* 
apparatus,  the  ramified  tracheae  of  insects,  minations,  we  observe  them  often  lea''- 
We  have  here  already  in  these  annelides  j  ing  into  vesicles  of  vaiioos  sizes  and 
not  only  tlw  ttigmete,  the  pnemnoete-  imne,  WMeh  hnvo  mott  geneiniiy,  Im^- 
mata,  the  spiracula,  as  they  have  been '  ever,  a  lengthened  and  oblong  form;  bst 
called— those  apertures  along  the  sides  upon  applying  i>owerful  microscopes  lo 
that  lead  into  the  tracheae  of  insects,  but  I  the  surface  of  those  terminating  vesidl^ 
we  have  even  the  commencement  oif  1lia|nre\ani  lee  still  nravemiiinte  mitiiAentisos 
trachea;  themselves  in  those  pulmonated !  extending  from  them  to  reach  the  mintftitt 
annelides.  Upon  those  little  air-sacs  parts.  Those  tracheae  which  we  obstrve 
wMA  getMffaliy  contain  •  wiitte  VHMocn'mfntocli  pieteut a  eewpHtaie*stwMi— » 
fiuid  on  being  opened,  the  blood  is  dis-;they  consist  of  three  toulei,— am  iMIuljf 
tributed,  and  submitted  to  the  action  of '  soft  white  homogeneous  muconsmen^HW'f 
the  inhaled  atmospheric  air.  This  rimple ;  corresponding  in  its  thinness  and  wtM"^ 
•tmcture  may  be  oq^Mi  lB«anv«fnd.*ffllirt*wfai  tbnt-verf* (leHM  •eMMnr^'^ 
nritting  either  water  or  air  into  their  in-  timic  which  we  ?ee  upon  their  extetlw 
Mer,  and  Onit  many  of  the  n^mcto  «n-  suriKei  btti  between  tbote t^ooettiw 
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transverse  lines      if  thoy\N  cro  rnus^culnr  j  frittered  down  to  mere  ramified  vesscl^iaah 
fibresi    Upou  drawing  out,  howeveC)  thb  I  in  the  loympodtii  $ho  ui80Ct«»  luid  the 
iSttihUeceiiikof/tba tB«cb(ue  by  teortngMim-  j  trac heated  tetb^at 0^,Mni«iwidi»   We  ^ 
der  a  portion  of.fiMitmidMa,  we  perceive  serve  this  rmpiari  ilr^tidid  owkdittoa  of 
that  the«(*  arc  cvjnttiiuons  spii  nl  filnincnts,  orj^ans  to  l)e  generally  a  nmrk  of  inferior 
Uke  the  spiral  lilain«iut« oi  aplaut, audtbat  t  development,  aod-the  move  coaceuttraled 
^l^qwiHuw  tft^tindBWWMiHiftfiitol^of  jfarre,  ihwigh  aBrternally.  HWff»<faiflc,  i« 
timitrtUMO  tu  the  minutest  points  fi'om  the  <  more  elaborated  internally,  and  belwigtllft 
OOmmenoement  of  the  Bti^inata,  givinc:  i  a  higher  p;rade  of  it:i  fornmtion. 
theui  the  necessary  elasticity  tu  prevent      In  the  crustaceous  animals  the  reapim- 
^iMkruction  to  the  pnniga  of  air.    TbeM  i  iMa  l«.a«)uatic  and  performed  througll  the 
enlarged  liniircs  of  S riiArs  and  Goldftss  medium  of  gills;  those  gills  are  disposed 
»bow  the  structure  and  ntode  of  ramiAcation  i  sometioiea  on  the  outer  surXaco.  of  the 
of^wmal  iHnrte  of  the  tnehMKAf  tlM  wtl>*  I  body^anA  noigtimwi  iaiof«io  oowewJod- 
(o»iA«i^and  the  other,  figure  exiulrift  how  beneath  the  tldo»of  thedoraal  shdL  In 
extens?ivtl\  they  are  ramified  through  all  the  higher  Crustacea,  in  the  decapods,  we 
the  iniuute&t  part«  of   the  body,  the  observe  the  branchiae  attached  to  the 
kcMMhes  coming  fpom  tbe  two  pfiiMiifMil  |  hannokoo  of  tlio  legji^  w  'that  ihey  praAt 
lateral  tubes  into  w  hich  the  air  is  conveyed  by  all  the  motions  of  the  leg??  themselves* 
from  the  exterior  stigmata  and  raniilied  in  their  progressive  movements.    We  ob- 
through  the  viscera,  the  muscular  parts,  serve  them  also  distinctly  attached  to  the 
tbe  wtng»,  and  all  the  minutest  tejU;ur68,  outer  pairs  of  maxilla:?.   Now  tliOM  ooter 
•0  that  the  limited  circulation  of  the  fluids  i  pairs  of  maxilla},  three  in  number,  are  the 
lA^XMiipenaatod  for  by  the  extensive  rami- 1  most  convertible  in  the  cnwtacea  into 
tootioi  ond  di<tribation  of  tbe  resptfatory  i  fet-;  indeed,  idl  tfaoee  perte  ate  een- 
apparatus,  and  the  necessaiy  lightness,  vertible  ;  but  these  maxilUe,  with  their  at- 
elasticitv,  buoyaui y,  a?id  ainscular  energy,  lached  liranchiic,  so  far  already  approach 
are  iuipurted  to  tlie  body  of  these  inverte-  ,  to  the  condition  of  feet ;  and  as  tbe  max- 
beated  inbabitants  of  the  air«  I  illsD  of  vertebrate  are«obvioui$ly  analogous 

In  the  ara'  lmida  vire  observe,  as  in  the  to  the  ribs,  we  see  that  these  leet  of  the 
myriafioda,  a  woi-c  lutkensivecirciilauoa  of  ■  crustacea  are  obvioualy  aoalogovui  to  t^e 
«he  blood,  ende.iaNe  ooaeenMed  fewfttraie-ef  aerpenieeniotherTtttebwiiedeal' 
of  tiie  respiratory  system,  which  eetiati  I  aals.   TY»  bmnohiel  organs  of  the  lowest 
of  organs  adapted  for  ntmoPi)heric  air.    In  cntoinostracous  Crustacea  are  attached  ge- 
samo  of  the  luwciit  arachnida  we  observe  t  nerally  to  the  sub-abuomiuai  appendices, 
grittta  vesparatton  by  neene  of.  trechass  or  { they  hang  domi  freely*  end  move  inoee- 
of  ranuftod  air-tubes,  as  in  insects.    In  santly  to  and  fro  with  great  rapidity,  and 
Others,  as  in  the  spidenand  in  the  scor-  they  posf<ess  a  very  simple  structure,  coo- 
pientk  we  perceive  ntimereas  distinet-  sacs  sisting  of  a  fi  ingt.  of  respiratory  filaments 
opening  from  the  sides  of  the  ebdonen,  around  these  appendices  on  whioh  the 
into  which  the  air  is  freely  conveyed,  blood  is  distributc<l,  and  thus  expMedto 
Xiioee  eight  sacs  in  the  scorpion  open  by  the  air  contained  in  the  water, 
kiig  obUi|ue  etignafte  horn  eeeh  eide  of;    The  blood  is  eent  lo  thoae  lespiretonr 
the  abdominal  segments.   They  consist  of  branchiae  in  all  forms  of  the  Crustacea  by 
four  detached  white  soft  sacs  on  each  side,  tl>e  veins,  which,  returning  from  all  parts 
which  you  observe  opening  by  largo  pro>  of  the  system,  imite  into  large  trunks  to 
mineiit  stigmata  from  Ae  elideesinel  sor- 1  iMnn  the  branchial  arteries  at  the  base  of 
lace  in  those  foui"  wide  segments.    AVhcn  the  gills.    The  blo^xl  is  distributed  over 
ure  open  thoso  rcspimtoiy  sacs  in  the  scor- .  those  nonierous  brancfatas,  whether  inters 
pion,  we>obeerve  that  ttieiriHerne  I  wiriwe  j  mA  oreittefn^,  wMolk  preeent  in  the 
is  not  smootli  like  the  atr-sec  of  a  smilt  higher  Crustacea  a  complicated  seriea  of 
with  a  myriad  of  capillary  vessels  spread  '  thin  laminae  divided  and  pectinated,  and 
«ver  it,  hut  that  they  possess  a  laminated  |  placed  in  close  proximity  to  each  other, 
or  ^pectinated  charaetcr  fnteroeHy,  and  |  end  theee  ere  enposed  freely  to  the  motte 
that  they  have  thus  internally  somewhat '  of  the  water  in  the  tectihranchiate  forms, 
•the  characters  of  branchias.   They  foroi  by  the  streams  that  are  forced  constantly 
AhO'  poeamawtaenchin   of  the    French  .  inwards  from  the  anterior  parts,  by  the 
Pwileiiei'^fMOlMlleg  the  internal  form  of  i  aotie»oHMM>  irM.Teiwder  plates  kept  in 
an  nquatic  organ,  but  yet  having  the  constant  motion.  These  covered  branchise 
iiNM^on  ui  tbe  air-breathing  sacs.   The  are  not. in  faet  concealed  in  a  completely 
.  we  m iintiiiie  mltm  eiwrltHhieeeiiwitBgy  eiwert  tevHy  etetjheymigliitntinttiipear, 
abdominal  sae^^ of *lhe  spider.  Thoeetefls  far^when  yoW llftfpior  <WMO  aeideeltgjhtly 
present  us  characters  indicating  a  more  the  exterior  carapace,  we  can  easily  per- 
ooncetttratod  and  hagher.despee  of  deve-,  oeive  that  it  ie  not  a  shnt  cavity  eouiosed 
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tpy  A'^nMilmdM  AcMntliil'fmsttMliMiniiMl 

M  the  water,  but  that  the  cephalothorast 
timpfy  hmif^s  doviii  laterally  over  the  snr- 
ifioe  of  their  ciliated  laiuiuie,  and  tkus  pro- 

•  Th€re  ia  apjparendy  greater  variety  of 
ftfnM  sad  stranNWV'iii     iMHoMSM  tlwD 

in  the  articuhu^  classes,  and  iftls.-  difMv 

sity  is  nowhere  more  oonspieuons  than 
in  their  respiratory  organs,  it  is  beauti' 
ftft  'to  <it»iMWi  how  ttfttave  ^am  provided 

)iian\'  aninmls  low  in  the  scale,  and  appa- 
rently the  most  inert  aud  motionleaa,  with 
tlie  means  of  rapidly  renamo^  the  irater 
Itt  imriiedlatrcontact  with  their  bodies,  so 
sua  to  effect  respiration,  and  to  aerate  and 
renov{U«  the  properties  cMftbeir  blood.  Most 
«fthli  lOolliMOotmclaMes  of  uiittMltenm^* 
marlcablc  for  tlu  "-lowness  of  all  their  move- 
ments, whether  thoy  consist  of  creeping 
motions,  or  of  motions  by  which  they  swim 
through  the  sea,  and  this  corresponds  with 
their  liTiiitrrl  (  xicnt  of  respiration.  Many 
of  those  molluscous  animals  indeed  we  sec 
l»«naanendy  fixed,  and  growing  as  iuort 
fleshy  layers  over  the  surface  of  rocks; 
Mhers,  covered  externally  with  calcareous 
shells,  we  percdve  fixing  themselves  by 
HMmo  sMle  to  tl»  surfiwe  of  submanne 
bodies.    Yet,  whfBIIWC  examine  them  in 
the  living  state,  and  in  their  natural  ele~ 
ment,  we  observe  tluJt,  oltbough  appa- 
rently motionless^  fl:^  have  die  nKHUi  of 
ra]iidly  conveying  currents  of  wRtcr  over 
that  delicate  piocc  of  stnicture  on  which 
«Mr  bloodveMdi  «e  dirtiiinited  to  i»- 
ceive  the  influenoe  of  the «lr  ooatamed  in 
^at  element. 
'  The  greater  number  of  the  tunicata,  the 
lowest  of  the  molluscoM  cinwei,  are  fixed 
animals,  which,  ne  have  seen,  are  closely 
allied  in  most  ol  their  internal  structure 
to  ^  iniiBbitaatt  of  bivalTed  theUs.  Tlie 
external  tunic  with  which  they  are  cover- 
ed is  trencrally  so  elastic,  that  it  is  capa- 
ble of  diiaiing  by  its  own  properties,  when 
H  bai  been  forcibly  contracted  by  the  tnus- 
rnlar  tunic  that  is  within  ;  and  in  forcible 
expiratioat  we  observe  those  animals  to 
contract  that  moscolar  taaic  and  to  re- 
toacttbe  exterior  covering,  so  as  to  pi'opel 
with  consiflerablc  impetuosity,  and  to  a 
distance,  the  water  that  hlis  their  rcapira- 
tfvy  oavirf »  Tho  elaetieity  of  the  tonic 
tends  to  overcome  the  resistance  of  the 
muscular  coat,  and  to  expand  to  a  certain 
eitfeeat  the  respiratory  cavity.  Without, 
Hltt»i>ffe»  '<the  existence  of  elastic  liga- 
ments, such  ns  -we  find  in  the  concbifera, 
there  is  a  partial  means  of  enlarging  the 
mtpivatofsreavity  giveatothoaa  tvoMted 
animals.    But  this  constant  and  alternate 
contraction  and  expansion  of  the  exterior 
tuuic  you  du  nut  see  m  any  known  tuni- 


eateimwltr  any  cOttdAlfttroiiMMlMlKnM 

sti-cams  that  rush  In  tbn>Ugh  this  i^si)ii«« 
toi  y  orifice  of  the  sac  ltretin^tl),  re^okr; 
and  incessant.  The  exterior  tonic  ronuuMr 

during  active  fcspiiatlwuFmiiiiintiilylli* 

tended  and  motinTilGgs,  and  yet  ynn  pef. 
ceive,  that  through  the  anal  orifice  itM 
Mam  af«  oMnreyed  ooffwjtfAi'WMl 
fteaityiiisoothtianiatidregolartty.  Whet«* 

ever  this  is  the  case,  I  have  nhva  ,  >  o(>- 
served  that  those  currents  are  produced 
hy  the  vtfM  vihMtloiv  of  dliay  'HkfmH 
both  on  the  branchi^-^  thcrns-clrr';,  anil  m 
the  fringed  edges  ot  the  hninchi&t  n]>er* 
ture;  for  all  of  the  conch ifcra,  and  sQ 
tho  tunicated  anlnato, 'are  aquatic  animalH 
breathing  by  means  of  gills  or  brant  hia?. 
The  vibratile  cilia  are  always  disposed 
anMHl  Hmt .interior  margni^>thfli^n» 
nute  meshes  which  compose  the'gilb 
both  in  the  tunicata  and  the  conchifenu 
The  water  is  thus  brought  in  with  a  con* 
tinuoua  stream  tbimiglt*  tlw>respnraiarr 
orifice  in  thn«r«  ttJ^,it•n^c<i  animals;  it  \s 
brought  into  a  large  interior  sac,  SMNUatei 
from  the  abdomiiMl  viscera,  and  uwM^ 
rior  parietes  of  that-tetf^i^atDry^sac'an; 
covered  over  with  numerous  bpmmfiiUj'- 
disposed  regular  folds  or  laminae  uyaa 
whieh  thobloedvMl8i«m'iiiMtely'di»> 
tributed,  as  yon  see  in  the  plates  efSA- 
YiGNT  and  Ccviaa.    Sometimes  tlni 
Interior  respiii^ory  sac,  in  place  of  laiai* 
nmt  iMf  •oguhu'temaiM^aishiNl  to  its  pari- 
«»tcs,  mid  over  the  piu-ffice  of  those  rt»- 
ticulate  organs  the  venous  hiood  eollsot' 
od  front  all  fMrtoia  distrUraleillielbiolMlMg 
sent  to  nourish  the  varioas  organs.  TU» 
water,  w  hich  iscontiniuilly  conv<^ediBio 
the  sac  through  the  brauebial  apestoi*, 
rushes  out  thraogh  the  atel  ottfcey'aitr 
to  which  the  rectum  ahvaj's  terminJitet ; 
so  that  we  obsei  ve  tho  act  of  re^isatiaa 
here,  at  in  some  other  dtMes,-  atmlS'ls 
the  expulsion  of  all  discharges  ^i^iicb  msy 
be  thrown  into  the  interfarof  thOSSH^* 
tory  sac  or  the  mantle.  [ '  ^ 

This  is  the  oooMton  modoiot  vespantisn 
of  tho?c  mnrc  iiprfcct  and  single  tunicatf'l 
animals,  as  the  ascidkc.  In  some  of  tlie 
i^rior  tunicata,  however,  the  respinKPT 
oriAces  arc  found  at  the  opposite  easrcMi* 
ties  of  the  bod^',  as  in  the  pyro«nTna.'  i" 
those  separate  ananais  composing  tln- 
pyrosoroa,  we  observe-  fttte  ssrsaiasNeta- 
veyed  into  one  extremity  of  the  body,  aii(' 
propelled  through  an  orifice  at  tlM»opfO- 
site  extremity.  Those  rcspiratoiyor^sw 
of  the  pyrosoma  extending  from  the  outer 
surface  of  thp  general  tube,  projetrt  in  the 
fmn  of  lengthened  tianspareat  so^t  pasii- 
1e  on  tho^sMOs  ofwhtoh  ^tegp  open. 
respiratory  sacs  all  comoulnicate  hy  thn>^ 
vents  or  anal  orifioes  with  tbe  inii  r  ior  oi 
the  geoeial  tube  ooo^otios  this  xom- 
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pgOhdi  aninial,  so  that  the  streamt  arelfiotl 

sent  into  thv  ijiterior  of  the  twbe  after  the  ' 
ittsfctAQu  ^;i;Mi»u'a(ion^  !«  efi^cted.  Am 

eymo^MtAtf'm^fMftke  effect  of  all  those 
streams  is  to  propel  tho  water  downwards 
tbtix>ugh  the  iufei  ior  opening  of  the  tube, 
wWi  llMibie»«#«2i  the  cUitk  of-  Iht  imm 
CQCteilirtve  lateral  gills  acting  at  the  same 
time.  The  result  of  this  forcible  propul- 
of  the  Btreama  downwards  is  a  con> 
fttant  equal  resistance  against  the  Upper 
closed  i)art  of  the  tube,  the  tendency  of 
tlM  (water  being  to  escape  equally  at  every 
|H>ink'  of  Hk^  lube*  Tbe  «oiiM<iQeiio»  m 
thb  pressure  upwards  against  tho  closed 
eud  of  the  tube,  is  the  motion  of  the  whole 
aaimal  upwards  through  the  water.  80  i  connected  at  their  upper  edges  or  dorsal 
tiiat  we  see  the  respiratory  orgwH  Mil  of  msogin  with  tbe  kHarkw  surface  of^^ 


4bet  tunieetew .  From 
the  bmnchia;  hciriG^  here  in  the  form  of 
two  pairs  of'  pectioabed.iamiins^  ^het^e  atu^ 
mate  'h#r^  >  ibeeB'  'tianirt>  tbiiBplli  ibf  Hcbim 
taking  this  name  and  character  frorai  aa 
important  part  of  their  internal  orcraniza- 
tion,  rather  thaa  (rom  the  loriu  of  the 
edtaiww  eimialbtt  wWob  Iheir 
surface.  It  is  a  character  by  which  they 
are  remarkably  distinguished  fi-ont  the 
tnnicata,  where  the  bnmdsiiss  are.  never 
foiind  in  tbae  fmm  «f  -^wo  ft&m  of^pedH^ 
nated  laminae. 

Those  pectinated  huniiMe  generally  hang 
down  two  oB-eeebeide'te  thst  inlevMw  of 
the  respiratory  sac  from  tbo  ventral  or 
anterior  surface  of  the  abdominal  viscera. 


the  fixed  and  of  the  moving  tunicated 
animals  are  esseotiaily  of  the  same  struc- 
taw  Mid  MM  MtMOi  Ani,  «t  in  the 
lowMi  csttiated  aainnlOKlet,  we  still  find 
the  respiratory  organs  subservient  to  pro- 
gressive motion*  and  even  to  the  obtaining 
«f4bedk  . 

•  jln  the  inhabitants  of  bivalve  shells,  the 
Structure  of  tbe  respiratory  organs  is  re- 
markably similar  tbrougbout  the  whole 
4da:ss.    Most  fnfiMDtljF  wo  observe  in  the 


mantle.  They  present  a  striated  appear- 
ance, tbe  striffi  extending  transversely 
from  ^Mdr  donol  towards  ttnip  Iveo  veiii* 

tral  margins.  The  mantle  hangs  over  tho 
exterior  surface  of  tliose  branch so  as 
to  be  the  part  that  covei-s  tho  respiratory 
mul  all  tbe  other  ai^ns>  «id  Is*  neool-m 

interior  surface  of  the  shell.  The  currents 
ot  water  for  respiration  are  seen  as  re- 
gularly and  smoothly  and  continuously 
rushing  into  the  respiratory  sac  during 


oonchifera  two  apertures  of  the  mantle  the  living  and  active  state  of  the  oonchi- 
-eattending  from  the  shells;  those  tw  o.fera,  as  wo  see  in  all  the  tunicated  aaimels; 
afortiwos,  leod  into  a  genemt  respirator)'  |  and  these  eftrroute  in  all  «the  aeepbaloae 
cavity  formed  by  the  mantle,  that  mascu-  {  moUusca  are  produced  by  tlie  same  action 
lar  and  secreting  organ  upon  which  we  of  vibratory  cilia,  as  indeed  in  almost  every 
have  seen  that  tiie  existence  and  form  of  1  other  known  form  of  a<|uatic  respiratosy 
MiosbeUe  ikpend.  Those  two  apevtaret  |  oi^pans.  The  margins  of  tbo'omitlei'oad 
-to  the  respiratory  cavity  sometimes  extend  especially  around  the  respiratory  orifice. 


to  a  great  distance  from  the  sitells,  aa  we 
ooote^oieoottcfaiferft  tiMft  resido  in  the 

cavities  of  rocks.  All  those  piercing  ooB' 
fsiiiferotts  animals  we  observe  residing  in 


are  also  ciliated.  The  cilia  aro  disposed 
diiefly  upon  tbe  retpfamteiy  Isiwbio ^hftm* 
sidyes;  and  when  you  take- a  eroaU  per- 

tion  of  the  gills  of  the  common  fresh-wa< 


Aimfaeraor  in  rocks,  or  in  softer  materials .  ter  muscle  for  instance,  which  you  find 

sW'OMid  or  sand,  are  pvoviidod  with  B^euOf  Mving  to-tbe  bottom  of  tho  kurgo  pooloef 

tinuation  of  the  mantle,  which  forms  a  wateria  the  vicinity  of  London,  and  put 

ittbolar  pBok)ngation  of  the  respiratory  ca-  that  portion  of  the  living  branchia  in  water 

vity.   Tbe  streams  of  water  are  seen  in-  under  an  ordinary  microscope,  you  will 

•oenantly  rushing,  in  the  natural  condition  observe,  that  this  pectinated  lamina twti- 

of  the  animals,  through  the  respiratory  sists  almost  entirely  of  parallel  filaments, 

orifice  by  the  rapid  vibration  of  cilia,  dis-  placed  at  a  little  distance  from  each  other ; 


posed  as  in  the  tewioata  both  on  tbe- 

tie  and  on  the  gills.  The  streams  of 
thus  brought  into  the  interior  of  the  respi- 
.tatory  sac,  come  in  contact  with  the  Vno 
faSecal  pom  of  pectinated  tuMyodite^  after 
passing  over  those  respiratory  organs,  the 
. steams  are  propelled  outwards  in  a  con- 
tfanoDoeaMOth  cnrpsnt  through  tfaat'ori- 
'  'fice  near  to  which  thorootnm  terminates. 

lliese  respiratory  organs  of  the  conchi- 
■finqt  are  nemarkablo  for  their  regularity 
eHid  lOioribNilif  i<of  fonn  thMMghoot-the 
differOnt  orders.  In  this  respect  they 
•  have  assumed  a  much  more  de&nite  form 
jOiul  greatet' symmetry  tUuta  veAsd  ia.tbe 


«id  that  they  are  tmwaod  by 

filaments  at  right  angles  to  them,  bo  as  to 
divide  the  whole  portion  of  the  gill  into  a 
series  of  rectangular  meshes  or  square 
figures.  When  you  direct  the  glass  down* 
wards  upon  the  interior  surface  of  those 
quadrangular  spaces  formed  by  the  cross- 
ing fibres,  you  peweiye '  eoraotlring  ^eng 
tho  edges  of  all  the  meshes  like  streiuns  of 
blood,  like  moving  globules  forced  round 
the  interior  of  tiiose  passages  in  ci^id,  in- 
oesBoat^  ondoiosi  rcfpileroorreatkit  Upon 
watching,  howc\  er,  with  more  attention 
you  will  soon  perceive,  that  that  appear- 
ance of  St  continuous  circulation  round  all 
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themashetof  the  glU  is  sot  the  motion  ttou^^h  iMU(Antb».fU«id!risi«tenia^ 

of  globules  of  hlootl,  but  of  ininiitc  vDh ntiU  ])ro;-ellcfI  and  xvithdrawov'   In  tht  infrmiif 
ciita;  that  that  gOQa  m  incespautiy  iu  tho       liud  uearlj-  a  eiinilBr  tftructure.  Ttew 
•Rittft  ondiBr.  as  ia  tbe  SMi^iialory  organs  of  are  two  ranges  of  those  reepiratorp  tiii% 
ittiVMNnr-lM«&l^nganiiiifl^9»aud  that  there;  along  the  back  of  this  h  if<mkt'm%amimM; 
ia  no  rcverae  motion  perceptible  in  the  indeed  it  ia  fi-onv  that  ar'iuresoent  ipp«Br« 
(ikecstiou  of  tbotie  moving  ciiilt.    Ho  Uiat  ancc  that  this  auiujai  iias  dMivod  tfaafe 
we  observe,  upesi  eawnfailiig-  mwroseopi- 1  natae.  In  tbe  4flf4t  waee  tboie  ioifiint- 
telly,  in  tlie  living  sta.te,  the  iatiuiatc  toi  \'  1>ranchi;r  ]ilaced  at  the  posterior  part 
structure  of  any  of  the  respiratory  hr^-  of  the  upper  aaifuco  of  the  animal  around 
cbiae  of  invertebrate  or  vertebrajtied  ani- '  an  aperture  foroicd  by  a  circulmv  foM  of 
wril».e|irafiBet  explanation  of  those  IBiooth,  the  mantle.  Where  the  respiratory  orgaav 
continuous  ,  and  incessant  streams  whicli  arc  thus  freely  e.\i)ostui  to  thr  inflnciK-e  of 
we  see  rushing  over  tkc  uirface  of  all  the  water,  there  needs  no  vonipiicateda^ 
those  ltt9ineted,pectiaeted>ntleulate,  or  imratasef  eQiatoilFtBbeeor«eM»tehrta|^ 
vniAed  respiratory  organs,  external  oi-  fresh  currents  of  the  water  iacessaotiv 
internal,  which  wc  »co  in  aquatic  animals,  into  contact  with  thcni ;  the  aniniala  m 
in  the  gasteropodatous  c]ai»6  of  niollus-  iluating  constantly  in  tlic  olcnieut,  andi 
oous  aniwals,  the  formsb  end  even  the  na- 1  thai  dement  is  in  inoessoot  ntoHen  wev 
tore,  of  the  respiratory  organs  are  varied '  all  parts  of  the  ramified  gills  by  the  cillsi 
to  a  much  greater  degree  than  in  the  which  cover  their  surface.   It  is  chiefly' 
acephalooi  cStMtM.   The  greater'  aamber  from  the  form  and  the  position  of  the^' 
of  tbe  eniraals  of  this  claaa  belong  to  the  spiratory  organs  of  gaatcropods  tliat  isef 
ord<»r  called    pectinihranchiff,   from  tlic  ologists  have  subdivided  them  into  onk», 
]»ectinateU  form  of  their  gills,  a:i  seeu  ou  and  those  orders  have  uiceived  aaroet^ 
the  left  side  of  tbe  body  iu  moot  of  tlie|wbicb  indkalethe  positions  of  tfae.im;i ' 
inhabitants  of  mivalve,  spiral,  or  turbi-  mtory  bi-anchiie.  Son;etinjes  the  brauehi.T 
natcd  shells.    Many  of  the  smaller  gas>  aie  collected  into  tme  part  in  the  iniddli* 
teropodatous  animals  float  freely  through  of  tbe  back,  and.  those  have  been  called 
the  sea;  such,  eaMN%aeotly»  aie  almost ^ nucleo-braaobb^  eneh  oai  «ira  eeoi  iniithe 
ilestit\itf  i  f  those  massive  coverin     that  carinaria.    In  others  again,  ns- in  most  of' 
we  lind  upon  the  surface  foi*  protccUon  In^  these  naked  gasteropods,  wheie  tbe.lNrae* 
tbe  testaceoue  getterofiode  destined  fori  cW»  are  laore  or  less  «atBiNled:ayecl'lb» 
the  most  part  to  creep  over  the  surface  of  ' outer  surface,  they  have  received  the  natiiL* 
mcks,  and  which  are  thus  much  exposed  of  nudi-brancbiu.      Sometimes   we  fintf; 
to  dangci'  from  tbe  presstiuri;  of  moving  there  is  a  dorsal  t^lcareous  lamma  cuo* 
masses  at  the  bottom  of  the  sea.  Xbeee  |  tained  in  tbe  miiddto  of  tbe  Wefc^  and  \»s 
light  floatinc:  Mppcies,  therefore,  arc  gene-  low  this,  protectct!  by  a  fold  of  the  niantltv 
rally  destitute  of  any  trace  of  a  calcajceous  j  the  branchise  aie  disposed  ;  such  have 
^eleton,  as  yon  see  in  tills  beeutifnl  teyUtMi  been  called  tecti-brancim.  Others,  agaiov 
which  is  found  adhering  to  and  eating  the '  without  shell  anA  witti  gills  pnrteelediqt 
fttci  that  are  floating  in  such  abundance  in  a  lateral  fold,  bnve  received  the  name^f 
the  warmest  parw  of  the  ocean.   We  see  <  infero-brauchiu}  others  with  the  gills  un- 
th«  infMue,  tiss  etlii^  tbo  filsiwic^  end  der  a  soutiibiw  open  shdi^  faever  bstt' 
many  similar  gasteropods,  entirely  naked, '  called  scuti-branchia ;  others  with  circu- 
and  the  branchiae  exposed  on  the  outer, lai*  gills  under  tbe  matgin  of  tlkeimaatler 
surface  of  the  body.   (Mbera  again  of  this  are  the  cyclo-branchta.  '! 
dase,  as  this  dorw,  having  the  eMerior     In  the  pectin i branchiate  gasterapQ^s 
surface  of  the  bo(!y  naked,  but  creeping  the  water  taken  in  for  respiration  is  ron- 
ex^ed  Ulte  testaceous  gasteisopods  at  the  |  veyed  backwai-ds  by  the  incesaanl  vihra* 
bollonvbaraalargodisltorBBuseulBrfoot  tioB«f  ciUa««wllto  an^istbea 
covering  the  sprfacc  of  the  abdomen  by  I  interrupted  by  the  closed  part  of  the  man' 
which  they  have  a  very  secure  hold  of  the  tie  behind,  and  is  directed  from  thr  Iwck 
rocks  upon  which  they  creep.   Such  of  i  part  of  the  roiipiratory  sac  to  the  right 
these  gaateropods  as  bave  this  naked  ex-  side  of  the  body.   It  escapee^  HiaiMai> 
terior  of  the  body,  have,  like  the  naked  to\  cr  the  surface  of  those  passages  tin** 
anneiides,  a  greater  latitude  of  surface  for  j  open  upon  this  right  side  as  the  amia>iiDd: 
the  ^istiibuiiua  ol tbeig  eMemal  laepira- 1  tbe  comafiencefaent  of  the  male  opg^iiiii< 
tory  orgiini^  and  their  whole  surft^e  is  in  j  that  sex,  tbe  anus  and  tbe  opening  of  the' 
fact  respiratory.    The  gcyUffn  pelfir/ira  bo-  oviduct  in  the  female,  and  over  tfie  miici- 
£iure  you  has  the  bnuiuhiie  ejipused  Jtreeiy  i  paious  glands.   In  soineiesr  ol  tiit^sa  giii^' 
n^  oKteadad  Miy  folds  of  the  Mantle  |  tevotieds,  ivtae  the^  sIhU  '  >b«i.4isiriy*«' 
armnged  along  each  side  of  tbe  back    directed  to  tbe  left  instead  of  tha<  riicht/ 
each  of  those  folds  of  tbe  mantle  haa  ajside  of  the  body,  the  heart  and  the  f^pi^' 
series  of  beautiful  small,  respiratoiir  tufts  j  ratory  organs  arc  alway  s  itmaA>  updo  tis0 
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tti us  having  the  position  reversed  ;  which 
i&  ImIC  we'^ould  naturaily  expect,  if  those 
pMrtt  had  anything  to  do  witix  the  spiral 
turn  and  the  general  farm  of  the  thell. 
You  arc  familiar  with  many  pultnonated 
gasteropodsy  from  their  occurrint^  ou  the 
<]hrf  lana  of  all  oonehienlii,  both  those  formtt 
which  are  provided  wif.h  sheila  atul  those 
which  exist  vi^h  iui-  shells;  and  many  of 
these  air-breatiiing  gastero^wds  occar  in 
the  frcah  waters  in  every  |iart  of  the  globe. 
These  species  breathe  by  means  of  pulmo- 
)iary  oavitics  opening  on  the  right  side, 
and  not  by  giUv.  You  «ee  that  In  those 
little  testiceoos  gasteiopods  the  lymnea, 
the  pUxvwMs,  and  many  others  that  s^K^arm 
in  all  the  pools  of  fresh  water.  Those  lit- 
tle testaooons  f^oateropodB,  although  itiha- 
bithigthe  water,  rc?])ire  hy  an  opeiiin::^  on 
tlvB  right  side  ut  the  anterior  part  ol  the 
body.  Among  those  we  observe,  for  in- 
stance  in  the  snails,  that  there  is  an  open/- 
ing  on  the  right  side  of  the  body  which 
leads  to  a  capacious  highly  vascular  sac, 
destined  to  reueive  atmosphertc  ah*.  MThen 
we  open  this  single  and  simple  respiratory 
cavity,  and  exaruint'  its  internal  parietes, 
we  perceive  that  it  is  piovided  with  a 
complicated  plexas  of  miiiiita  hloodves- 
sels  closely  extcndinc?  over  the  whole  of 
its  interior  aoiface.  it  is  a  comparatively 
ennU  retpivatoiy  organ,  but  it  is  to  he 
consid^ed  that  the  air  is  talcen  into  this 
<ftivity  in  a  jmre  and  umntxed  state,  nn- 
iniKodwith  water,  hy  which  so  many  of 
the  gasteropode  teeeive  thdr  atmosphe- 
ric air.  They  have  in  f  icf  a  more  perfect 
or  extensive  respiratioa  than  any  of  the 
oilier  gastcropods ;  and  ve  obfeerve  that 
their  general  organintiflii  pattalces  of  its 
powerful  influence.  Some  place  at  the 
head  of  the  class  of  gastcropods  in  their 
danical  arrafigement  thoee  pulmonated 
genera,  fioni  their  superior  rcapfrMion 
and  tliciir  su[)crior  dc\ xlopment. 

It  is  interesting,  iu  tiucing  the  deve- 
lopoient  of  these  alr'>breathing  organs,  to 
observe  the  air-sacs  hy  which  tlu  lowest 
classes  of  animals  breathe,  through  out  all 
their  madMcatfons  of  outward  rarm  and 
general  organization.  We  see  air-sacs  in 
the  physoi^rnde  acalepha.  We  see  them  in 
the  leech  and  in  the  earth-worm,  and  ot  a 
slnpla  sinielore  In  thoee  oolmale ;  ive  see 
them  subdivided,  complex-,  and  ramlfyintr 
to  infinity  in  insects.  They  become  more 
plain  eatemally,  and  more  elaborated  in- 
tanially,  in  the  abdominal  sacs  Of  the  pul- 
monated arachnida,  ns  in  the  scorpions 
ami  the  spiders ;  and  we  sec  them  here  in 
the  pulmonaMd  gastewpodsv  ooiiststing  of 
a  single  sac,  placed  nearly  in  the  middle 
of  the  hack,  the  position  in  which  we 
6ad  the  air<4>ag  of  fishes.    Kew  you 


wfH  pere0lv0  thai  ttwy  nowfacra  as  ymt 

conHTumirate  with  the  month,  and  that 
we  have  not  yet  seen  any  animal,  in  rising 
thus  from  the  monads,  that  hreathOs'water 
or  atmoBt>heric  air  through  the  mouth| 
that  isj  an  organ  in  these  lower  classe* 
which  \i  appropriated  to  the  reoeption 
and  snhdfvMon  of  the  Ibod. 

In  the  pteropodons  animals  we  oh  jcrvo 
beings  thnt  have  many  characters  in  com- 
mou,  and  many  living  habits  correspond- 
ing much  With  those  floating  naked  gas- 
teropods  to  which  I  have  already  alluded. 
Lilie  these  they  have  often  a  naked  ex- 
terior, fleshy  and  vascutar'kiivfaoe,'or'they 
are  provided  only  with  a  light  rxtcridi* 
sheath,  soft  nnd  cartilaginous,  or  of  a  thin, 
pellucid,  horny  ttfxture,  or  slightly  con- 
soHdaMd  by  caiesreofls  matter,  hot  never 
prescntin[»  a  solid,  massive, and  heavy  cal- 
careous shell.  Those  testaceous  ptero> 
poda  have  the  shell  covered  osctemRlly  with 
a  thin  layer  of  the  mantle,  which,  like  the 
surface  of  the  naked  gastcropods  and  the 
naked  pteropods,  may  serve  ad  an  assistant 
respiratory  organ  to  the  tfne  hrvitolkhD, 
which  all  pteropods  possess.  From  the 
mantle  being  closed,  and  forming  a  short 
abdominal  cavity  in  this  daw,  and  from 
the  ptcropodatous  animals,  -Vwimming  to 
and  fro  in  the  sen,  hy  means  of  fm-liltc 
expansions,  they  have  the  gills  for  the 
mdst  'paft  dNpeaed  on  some  esitlernal 
portion  Of  the  body.  The  parts  of  the  body 
which  are  most  snhjected  to  the  contact 
of  fresh  stnita  of  water,  are  those  hn-like 
organs  hy  the  motkme  of  ^ich  they  aire 
ciirvied  ttu"Ouc:h  thr  sen.  Cenernll}-  we 
can  perceive  innumerable  minute  rami- 
ftciitions  of  the  branchial  arteries  and 
branchial  veins  distrlbated  over  the  sur- 
face of  those  swiramincr  expanded  fold?,  or 
on  distinct  [^tinated  toids  on  their  surface 
as  here  In  the  cito,  presenting  the  peethiated 
appearance  of  ordinary  branchia;.  The 
position,  however,  of  the  respirator)-  or- 
gans is  not  constant  in  the  pteropods. 
Sometimes  they  are  placed  more  towax^ 
the  pos^rrinr  extremity  of  the  body,  as 
in  the  pnefmo-dennmf  where  they  form 
tiso  CKsemtIc  gffis  on  the  caudal  tfx* 
tremity  of  the  body.  In  -the  hyalon  and 
the  eleodora  they  are  developed  from 
the  sides  of  the  mantle.  The  fin-like  la- 
teral Mtpanslons  <ff  the  elMfoHa,  like 
those  of  the  cUo,  support  the  hmnchlal 
lamiuui,  by  which  all  the  actions  ot  swim- 
ming contribute  to  aerate  the  venous 
hloG^  sent  over  these  exposed  branchia. 

In  the  re jihnlopndmts  inhabitants  cf  the 
polythalamous  &heUs  we  might  expect  to 
oeee^e  lao  nearess  spprcNMcn  in  sno 
form  of  the  respiratory  organs  to  those 
which  we  find  In  the  pectinibianchiatc 
^asteropods.   The  ntaokle  is  not  liera 
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closed  above  as  it  is  in  the  pteropods,  [  >vhich  lendt  it  by  arterial  trun^t^  ^^^'^Ui 
but  aUcws  the  fioe  ingress  of  water  to  j  wards  ami  rofwards  ,tbiO(tt^  ^be  S)'^Ii^tw.\ 


branchiae  placed  in  the  interior  of  the 
■bdomi— I  cttHly  fai  all  the  animafs  of 

this  highest  of  the  invcitebratcd  classes. 
All  the  ccphalopods  are  aquatic,  and  all 
have  the  branofete  ■ynmietHoal'Ofi  fh*  two 
tidee  of  the  body.  In  tbe  nautilus  pont' 
yilhts,  which  is  One  of  these  testaceous 
cephalopoUs,  we  find  two  branch  iae  on 
tm  ddiB,  mod  •  ooMldenMe  difference  In 
the  development  of  those  t%vo  vospiratory 


The  relative  size  of  thi^  i  espiraioty  bt 
varies  a  little  In  tTi4/^;i)tfb«n^ 
cephalopods,  acconlin^'  t6  the  i 
form  of  the  body  a^d  ita  jtoa^ 
active  at  Tigptoua  mVMfff  ^Hi<^ 
of  the  resplMtory  streams  by  the  t^'  ^ 
of  the  mantle,  and  its  exit  by  the  funftl 
placed  on  the  median  plane,  present  j^s 
already  with  three  fMUMgtM  ibr  rfsjihif 
as  in  fishes,  although  the  tltttdte/ 


organs,  although  they  are  symmetrical  on  '  take  an  opposite  direction.  ^  ^ 

the  two  sides  of  the  l>ody.   We  observe     Thus  we  observe  in  the  inrcrt^li^atqlf,^ 
here  oae  latge  pectinated  gill  and  a  much  <  (^lasses  thut  the  entire  sui'face  of  the 
smaller  one  on  each  aide  of  the  interior  of  is  subservient  to  respiration  in  tbfe  l0^«l|t 


the  mantle.  This  is  a  structure  upon  both 
•idee  of  tbe  body  very  timllar  to  what  we 

commonly  find  in  the  pectinibranchiate 
gasteropods  such  as  the  common  buccinum, 
developed  only  upon  the  left  side  of  the 
respiratory  cavity.  There  is  an  obvious 
reasnn  for  their  being  developed  only  on 
tbe  left  side  of  the  body  iu  those  pectinated 
gasteropoilii,  because  th«k  Momnenti- 
tioya  terminate  on  the  right  side 

of  the  cavity,  and  the  streams  carried  in 
by  the  left  side  to  aerate  the  branchiae 
cooie  over  the  enrlhee  of  these  oeilets  in 
passing  out  from  the  interior  of  the  re- 
spiratory cavity  of  the  mantle ;  but  in  all 
the  cephalopoda  the  two  sides  are  symme- 
trica], tbe  temUaations  of  the  alimentary 
canal  and  the  passage  for  the  products  of 
tbe  oviducts  and  tbe  nudo  organ  are  placed 
on  the  median  plane,  so  that  there  is  no 
reason  why  these lei^lratory  organs  should 
he  developed  only  upon  the  left  or  only 
upon  the  right  side.  The  development 
here  has  therefiwe  praceeded  eqaaUy  upon 
both  sides  of  the  body,  and  in  this  sym- 
metrical development  of  the  respiratory 
organs  on  the  two  sides  of  the  body  we 
•ee  an  ^proach  in  these  organe  of  the 
cephalopods  to  their  regular  and  symme- 
trical forms  in  the  higher  classes  of  verte- 
brate. But  taking  oae  side  ni  tlw  mmiilus 
we  still  perceive  in  the  braiichiie  the  form 
which  is  so  common  in  the  class  of  ga3tero- 
pods.  They  consist,  in  the  naked  cephalo- 
pods, of  numerous  curved  pectinated  sub- 
divided  folds  which  are  attached  loosely  by 
ligamentous  bands  to  tbe  sides  of  the  inte- 
rior of  the  oaviqr  of  tbe  mantioi  eo  that  ihey 
float  loosely  in  the  water  that  is  brought 
in  from  their  sides  over  their  surface.  The 
venous  blood  returning  from  the  whole 
aystem  in  the  naked  cephahipodt  is  con- 
veyed through  two  branchial  arteries,  one 
upon  each  side,  ne^Lt  to  the  ligamentous 
band,  to  tiboee  respiratory  organs;  from 
the  respintory  organs  the  aiterialized 
blood  is  conveyed  by  the  branchial  veins 
along  the  free  fioating  margin  of  tbe  gUis 
to  die  great  fleshy  systemic  veatncde 


tribes  before  a  ])articuIar^^)rUi|n  fif  Jt  ms 
appropriated  to  JmMmr 
That  portion  allotted  to  the  aeratioh  of. 
the  blood  forms  the  gills  or  the  ptdiuoqlc 
cavities,  which  are  situated  in  the  mo^ 
convenient  poeMon  ibr  reciilvilig  iflt'^i 
fluid  and  exposing  it  to  the  influence  of ' 
the  surrounding  element.   As  we  see  the 
air  to  traverse  extensively  the  interibf  i^;, 
the  body  in  many  of  the  ten  estrial  species^ 
we  find  the  water  to  huvc  a  like  free  ad- 
mission and  e.\ tensive  distribution  throintH^ 
the  b«dy  by  appropriate  taonlft^hiltibttW'^ 
the  aquatic  teverl9bi«*tv  =  f  'T^  '^^^^' 


LECTURE  U.'      !•  r  .  >  i 


ON  THE  I^ESPIRATOKY  ORGAN'S^^ 

It  is  chiefly  by  the  form  of  tbe  rcipin^ 
torjroargans  that  the  fish  is  adapted  fot^*' 
water  and  the  bird  for  the  ropions  of  tbe 
air.  Indeed  there  axe  scarcely  anyoigaain 
of  the  body  which  pMBeHI  gnmk^  ifif 
sities  of  form  in  tne  veit^-ated  d«ss«^ 
or  which  undergo  more  marked  changSl  ' 
during  development,  than  those  which  srd' 
appropriated  to  tbe  aeivtioa  ibbbieolf'^ 
and  those  diversities  of  form  are  most  iw^' 
timately  connected  with  the  living  coiK 
ditious  of  the  animals  and  the  vital  eiKlf*'*' 
gies  tlk^  are  capable  of  dispiayteg^  TIM"' 
extent  and  importance  of  this  Hystem  in- 
crease as  we  ascend  in  the  scale,  a*^^^^ 
neoeMitgr  of  ite  Anetiatt  to  «ba«eMk»*" 
ance  of  life  keeps  pace  with  the  extent  of 
its  development,  and  with  the  genenlr 
complezness  of  organization,  in  the  8lo#»>*' 
moving  reptile^  as  in  the  moUuscows  sa^.'^ 
njal,  where  the  respiration  is  small,  itniay  - 
without  inconvenience  be  suspended ^drai' 
time,  bnt 'm  the  aatlvfrliibabltiuHeiif  Hwiy* 
the  burdi  and  the  insects,  where  thisfun^# 
tion  is  necessarily  of  great  extent,  its  sus*** 
pension  proves  quickly  iatai  to  lifo'  frorolhe^ 
mall  proportkia «f  air  niiitiiiii|>i<yy 
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the  aquatic  fe«i>I^raf1on  is  less  favourable 
to  tbe  aeratiw  ^^hc  blood  thau  the  aerial^ 
an^  ate,9tl(  m  active  tribet  of  inverte- 
brata  are'air-breathing  animals,  while  the 
■lo^i^rinAying  are  inhabitanbi  o(  the 

•e^  , ,  UL  W9  vjprtelMEi^iea  cftw sev  w«  still 
fing  4<^ifnal«  poucssing  only  tlna.idinplc 
meaas  oi  respiration;  htit  in  order  to 
reader  h  e^ecljive  as  ;)oiiaible,  the  whole 
of  t^'l4oiod  it  MOt  through  ftetiB  aquatic- 
organs,  and  with  a  velocity  aided  by  the 
entire  force  of  the  heart.  Their  blood  is 
thus  ox^i^eQated,  and  decarbonized,  and 
xej^nlsned  with  nitrogen  for  the  gaseous 
aecrctlon  of  their  air-bag.  Their  naked 
surface  is  ciliAtcd,  vaacuLar.  and  respira- 
tory, )U(e  their  gills,  and  like  the  esctemal 
branchue  of  the  amphibia,  and  some  are 
seen  to  swallow  draughts  of  atmospheric 
air,  to  aerate  the  vascular  mucous  surface 
of  their  inteal^e,  or  to  convey  tbrongb 
the  ductus  pneumaticus  to  the  air-bag. 
The  fishes  being  deprived  of  the  coromu- 
nic|»ting  anastomosing  branches  between 
the  branchial  arteries  and  veins,  retain 
permanently  the  earliest  tadpole  state,  in- 
capfkble  of  complete  metamorphosis,  and 
alt  the  epe^  of  this  great  cum  agree  in 
this  permanent  aquatic  character. 

In  the  animals  of  this  class  we  observe 
the  respiratory  organs  to  consist  of  various- 
ly formed  gOlt,  attached  to  thoae  oneoot  or 
cartilaginous  branchial  arches  seen  extend- 
ing from  the  sides  of  the  os  hyoides  up- 
wards to  the  sides  of  the  cranium.  In  the 
oewoha  nhee  we  observe  that  there  are 
four  of  tho«?c  water-breathing  organs,  dis- 
pose ia  A  free  and  moveable  condition, 
unler  »  vide  pfew hiin  uponeech  elde  of 
theaeck;  theee  hranchix  consist  of  closely 
appNodoAated  teriea  of  minute,  flat,  car- 
tilacinoiis,  tapering^  and  Itifurcated  la- 
miam^  Ittte  tiM  teoMi  ef  m  oomh,  over  the 
fOrface  of  which  the  bIoo<l  is  minutely 
distributed  in  capillary  vessels.  The  ve- 
nous blood  which  has  been  collected  from 
all  parlt  of  the  hodjr  is  propelled  by  the 
heart  through  the  great  bulbus  arteriosus 
and  hranohkJi  artery*  which  divides  into  a 
ttmahtr  of  artatial  toanehee,  correspond- 
ing with  the  number  of  branchia:  on  tyie 
two  sides.  They  reach  the  grooves  along 
the  uut4:r  convex  margin  of  the  branchial 
mrdbut  aad  «e  obeerve  that  they  are 
there  placed  exterior  to  the  branchial 
veins.  The  branchial  vetni  conveying  the 
arterialiaed  blood  from  all  the  ommc,  pa- 
reUd^  •Ihia  hwinir.  are  lodged  in  a  secure 
cavity  along  each  of  the  arches ;  the  mi- 
nute hrant'hial  arteries  are  obsei-veU  in 
mdk  keiik  •f  «he  gille  to  rttn  In  the 
middle  part  of  these  bifurcated  laminw, — 
an  arterial  twig  for  each  of  the  laminae. 
Thfie  eeftklivide  over  the  whole  surface  of 
Mdi  of  thoee  thin  ptalee,  and  are  oon- 
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tinuou^  with  the  capillaries  of  the  bran- 
chial veiiis,  whiM;h  occupy  the  maxYins«f 
the  small.  lamHw^  .  iill  tlie  bnuMMrilu. 
veins  from  these  laminae,  collected  to- 
gether, e;iter  the  great  single  branchial 
vein  of  each  gi  1  which  runs  along  the  > 
bottom  of  the  groove  in  the  outer  margin 
of  each  branchial  arch.    Those  branchial 
veins,  returning  tiie  arterialiaed  blood»  are  . 
all  collected  at  the  upper  ami  back  pmtr. . 
of  the  body  into  a  single  great  systemic 
artery,  after  giving  off  some  branches  to 
the  head,  and  from  this  arterial  trunk, 
without  the  aid  of  a  heart,  the  UeoA. 
is  propelled  throiigh  the  sj'Stem.  You 
will  observe  that  we  are  now  speak* 
ing  of  vertebrated  animals  where  aU 
the  systems  of  organization  are  greatiy 
advanced,  and  have  to  push  rapidly  for- 
wards to  this  high  d^j^ee  of  complexness, 
and  where,  conteqncntly,  the  reeplratkMit 
one  of  the  most  important  functions,  re- 
quires to  be  conducted,  though  by  means 
of  an  aquatic  element,  with  great  velocity 
and  effect.   For  this  purpose  it  is  not  aofti'  >' 
ficient  that  the  fishes  should  have  merely 
ciliated  tofts  hanging  loosely  at  tiie  sides 
of  die  aeok,  h«t  that  thef  ahonldhttmth*  • 
means  of  rapidly  and  constantly  propelliM9'>  '  . 
large  fresh  streams  of  water  over  their 
surface,  and  of  forcing  1^  the  action  of  the 
heart  the  whole  hloed  of  their  tyitei  fiip*  • 
wards  through  the  respiratory  system  to 
be  subjected  to  the  influence  of  the  air 
that  is  contaiixed  so  scantily  in  the  water. 
Therefore  it  is  that  the  heart  is  placed 
in  them  in  such  a  ])08ition  as  to  affect  the 
respiratory  system,  and  not  the  system  at 
large.  Bol this hraaeMallMWt  tt  Me* 
is  the  one  from  which  the  ajrstemic  heart 
is  developed  in  higher  ahMHaething  ver- 
tcbrata.    '     '  •   ,  . 

The  great  devdepment  of  Dm  hmm-' 
cular  system  in  fishes  for  the  motion 
of  their  vertebral  column,  acts  upon  their 
systemic  arteries  and  systemic  veins,  as- 
sitted  by  the  valvular  atructure,  with  so^ 
ficient  energy  to  conduct  the  circulation 
without  another  heart  being  placed  upon 
their  oovrie.  This  is  the  condttten  of  the 
circnlation  of  man  himself,  and  of  all  the 
higher  vertebrated  animals  at  the  com- 
mencement of  their  ftL-ial  condition,  when 
they  have  arrived  at  that  stage  of  deve* 
lopment  at  which  the  IMMt  havo  been  ' 
aiTested.  . 

We  fmd  those  hranchW'  respiratory 
organs  in  llshee  to  vary  in  different 
species  in  their  number  and  in  their 
forms.  The  most  frequent  form  is  that 
which  we  eee  in  the  oeeeous  IMhea,  with  ' 
four  parallel  series  of  pectinated  laminae 
on  each  side  of  the  neck.    In  the  rays  and  - 
sharks,  we  see,  on  each  side  of  the  neck,  - 
five  of  those  branchial  openings,  and  the 
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gills  flo  not  float  ^reeljr  At  their  cltstat  cx*>  fat  Instsnee  wHh  ^-wirorMiAli' 

trcmity,  as  they  do  under  a  single  oper-  this  ,iir-hap;  is  siil)f1i\'i(le(l,  nndAvp  olwnre 
cular  eu\  Cl  ing  in  the  osscou«?  fishes,  htit  thnt  scvcrul  fishes  have  it  subdivided  a 
are  connected  at  their  distal  extremity  very  symmetrical  manner.    Some  flrfiA 
Vrith  the  integtiments,  »o  that  the  vatci*  have  the  body  of  this  ait-hag  with  long 
taken  in  passes  over  all  their  surfaces,  and  tiib-dnr  cxtcnisions  shooting  out  from  it 
is  divided  into  a  corresponding  aeries  of  upon  each  sidcj  in  others  there  appearta 
streams.  Thus  it  Is  that  we  obserre  those '  imrtlat  lougiti^dlnst  Afvisioh  nX  iBe  \Mk 
five  oblique  apertnrcs,  without  any  dia-  part  or  body  of  this  air-ha";;  in  some  otlicrt 
tlnct  operctihun,  in  the  .sides  of  the  neck  in  there  is  n  smaller  tube  that  communicates 
tlic  rays  and  sharks.    In  the  lamj^reySf  the  on  each  side  witli  two  lateral  tufts  ol  yro- 
stracture  is  somewhat  similar  to  that  of  longations  front  the  air-bag)  butfll^AMt 
tlio  sharks  with  regard  to  the  fixed  con-  the  whole  extent  of  the  air-bap  sliootsmit 
dition,  at  the  distal  extremity,  of  their  re-  :  hiterally  in  the  form  of  innumerable  raiuir 
spiratorj^  laminse  j  but  here  there  arc  fications,  consii^ting  of  so  many  pulmoirit 
seven  of  those  respiratory  biternal  se-j  cells  or  subdivisions  symmetrically  diB* 
paratc  f-aes,  with  external  ai)ortiircs  of  a  posed  upon  the  two  sidc"!!  of  the  air-bag. 
round  form  upon  each  side,  through  which  I  In  the  sturgeon,  that  air-l}ag  cotamuni- 
the  water  enters,  and  passes  out,  as  in  the  catea  by  a  wide  orifice  with  t)ke  osrdiie 
lateral  respiratory  sacs  of  worms.    Ift  the  |  extremity  of  the  stomach.   lathe  diodon, 
long  cylindrical  fjastro-branchus,  the  num-  there  is  a  large  sac  commnnicatinir  wilk 
her  of  branchial  round  openings  is  only  i  the  anterior  part  of  the  oesophagus  whiA 
two,  which  are  the  terminations  of  two  ^  the  animal  has  the  means  of  tnibg  4i> 
common  lengthened  canals  that  receive  rcctly  with  atmosphenc  air  by  coniiag  to 
the  whole  of  the  brancliial  currents,  and '  the  surface,  and  swallowing  great  drasgbts 
convey  them  to  the  surface.    In  some '  of  the  atmosphere  from  the  surface  of  tlto 
fishes,'  in  plaoe  of  those  pectinated  organs  'sea;  by  this  it  distends  not  the  stomach, 
which  you  see  so  common  in  the  O'>*:eoua  hut  a  large  air-hag  that  communicates 
and  in  the  caitilaginous  fishes,  the  gill:i,\\ith  the  oesopliagus.   in  this  way  tlte 
have  the  form  of  branched  tnfU  disposed  whole  body  la  blown  n|>,  and  leuocM 
along  the  branchial  arches,  and  these  tufts ,  spheiical  and  tense  on  the  sur&ce ;  the 
have  bomo  resemblance  to  the  condition  '  si)lnes  covering  its  surface  are  thus  erect- 
of  those  organs  iu  many  gasteropoda  and  ^  ed,  and  the  fish  rises  buoyant,  and  floafs 
annelidea.   Such  fishes  have  been  deno- ;  w  ith  the  greater  part  of  its  Th6re  delicate 
niinated  from  this  structure  lopho-branchii  ahdomiaal  re  gion   altogether  aboTC  tl>c 

surface  of  the  sea,  so  that  the  fishes  that 
are  pursuing  it  are  unable  to  seixe  i^  fron 


— fishes  that  breathe  by  gills  in  the  form 
of  tufts,  as  you  see  in  the  pipe-JUih  and  the 


ptffosm  and  the  hippocampus. 

We  observe,  in  the  greater  number  of 
the  animals  of  this  class,  that  there  is  an 
air-bag  disposed  along  the  middle  of  the 
back  wluL-h  contains  a  gaseous  secretion, 
that  gaseous  secretion  diifering  from  at- 
mospheric air  in  its  constitution.  In  the 
fishes  which  inhabit  the  deep  seas,  gene 


the  long  dorsal  spines  which  protect  it, 
while  it  is  shielded  also  from  the  birds 
above  by  the  spines  covcriug  the  ab- 
domen. 

In  many  fishes  which  reside  in  mixi, 
or  lie  at  the  bottom  of  the  sea,  the  nir-bag 
would  be  worse  than  useless,  and  is  want* 
ing,  as  we  see  iu  lampreys,  and  Ttcf§,  sol 


rail}'  more  miiscular  and  jjowcrful  than  frog- fishes,  and  flounden?.  So  that  we  see 


the  shore  fishes,  or  the  inhabitants  of 
irctth  waters,  we  find  that  there  is  a  pre- 
ponderance of  oxygen  in  the  constitution 
of  that  gas  which  is  contained  in  their 
air-bag,  and  that  the  abundance  of  nitro- 
gen generally  increases  as  we  come  to 
the  feebler  fishes  which  inha])it  the  shores 
of  tlie  sea,  or  the  sliallow  lakes  and  rivers. 
This  air-bag  most  frequently  communi- 
( ates  with  some  part  of  the  cavity  of  the 
nlimentary  canal  near  to  the  stomach,  by 
means  of  a  short  wide  canal  called  the 
ductus  pneumaticus.  Often  this  air-bag 
forms  a  simple  shut  sac  with  an  obviously 
glandular,  internal,  red-coloured,  highly- 
vascular  organ,  which  secretes  the  gase- 
ous finid,  and  without  having  a  perfora- 
tion in  any  part  of  the  parietes  of  that  sac 
jjor  the  escape  of  the  gas$  this  is  the  case 


this  air-sac,  so  useful  in  the  living  move- 
ments of  fishes,  and  but  little  subsenM 

to  their  respiration,  to  present  the  embrfD 
conditions  of  the  complex  respu-atory  ot- 
gans  of  the  highest  vertebrata.  In  many 
fishes,  as  in  the  embryo  of  mammailia,  it* 
a  .^iiDple  and  single  shut  sac,  placed  on 
the  median  plane.  In  others  it  manifests 
internal  divisions  or  cellulaj-  i)rolongation«, 
as  in  reptiles,  or  a  bifurcation  of  its  cavity. 
The  ductus  pneuTnaticus  receives  air,  often 
])ure,  and  often  derived  from  the  respired 
water,  as  that  sent  into  the  tracheae  ftwB 
the  branchial  openings  of  some  aij'iatic 
insects  in  the  larva  st^te.  The  ductas 
pneumaticus,  still  inembi-anous,  like  that 
of  •  a  protens.  Is  somethnea  tfaigle  an' 
sometimes  double,  and  its  ojjcning  Is 
sometimes  as  low  as  the  stooi^Mibi  in  othsn 
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tti0peM{nKilllli9  oesophagus,  andi&otben 
B8  high  as  the  phaiynx. 

The  number  of  branchial  pnh  s  varies  in 
llabet,  as  we  see  also  in  the  amphibia;  in 
iih»'di9don,  wnA  several  ottier  plectognathi, 
there  are  only  three  pairs  of  gills ;  in  the 
lophius  there  ai*e  thi^  pairs,  and  the  ru- 
diment of  a  fourth  anterior  pair;  the  most 
frequent  number  is  four  pairs  complete, 
but  nmny  liave,  besides  tlicse,  four  fuU- 
ats^  branchiae,  the  rudiments  of  an  ante* 
rior  fifth  pair,  and  we  have  nm  that  the 
number  is  greater  iu  many  of  the  cartila- 
ginous Rsbes.  Besiflcs  the  internal  ordi- 
nary covered  brauchia:  of  the  ra)  s  and 
sharks,  wo  find  in  tiie  foBtas  of  these 
fishes,  numerous  long,  external,  simple, 
branchial  filaments  hanging  down  from 
the  sides  of  the  openings  of  the  gills, 
which  are  lost  before  the  foetus  escapes 
from  the  ovum  These  external  tufts  of 
respiratory  filaments  have  also  been  ob- 
served in  several  other  fishes  at  a  very 
early  jieriod  of  their  fu'tal  life.  Now  at  an 
early  period  of  the  development  of  fishes, 
the  outer  surface  of  the  neck  appears  to 
haY0  no  hnachifll  opraings,  but  there  are 
soon  formed  five  small  separate  holes  on 
each  sidci  even  iu  the  operculated  osseous 
fisheS}  the  branchial  arches  are  formed. 
And  the  minute  branchial  respiratory  la- 
minse  begin  to  bud  out  from  their  edges. 
These  laminse  increase  in  number  and 
extent  and  firnmess,  and  bang  free  from 
the  sides  of  the  head  till  the  dcvclni)rnent 
of  the  opercxdar  apparatus  covers  and 
conceals  them  by  the  extension  of  its 
branchiostegous  membrane  and  rays.  We 
see  thus  in  the  respiratory  organs  of  fishes, 
a  perfect  adaptation  to  the  aquatic  me- 
dium they  are  destined  perraanendjr  to 
inhabit.  "Hiey  present  many  analogies  with 
the  forms  of  these  org:ans  in  the  inverte- 
brated  aquatic  tribes,  and  the  closest  re- 
eemblance  to  the  tadpole  condition  of  tim 
class  af)civr  them  in  the  scale.  In  the 
branchial  subdivisions  of  their  great  arte- 
rial trunk,  issuing  from  a  single  heart, 
W«  observe  the  embryo  conditions  of  this 
vessel  in  all  the  higher  vertebrata  ;  and  in 
the  various  forms  of  their  air-bag,  with 
hs  ductus  pneumaticttSr  we  see  repeated 
the  first  efforts  at  devdopment  of  the 
lungs  of  all  the  higher  air-breathing 
classes. 

The  pmphibious  animals  brraMic  nt 
first  by  nieuas  of  gills,  like  the  fishes  of  the 
sea;  their  air-bag  is  double,  and  is  now 
more  obviously  subservient  to  respiration, 
and  they  rp<^jjire  by  the  whole  surface  of 
their  naked  akin*  In  watching  the  deve- 
lopment  of  the  tadpole  from  the  t^me  of 
its  escape  from  the  ovum,  where  it  ap- 
pean  m  attnall.black  spo^  ooUed  up  in 


the  cen|tre  pt  the  transpftrent  colomlesa 

gelatinous  globule,  we  observe  from  the 
sidfs  of  its  ncclc,  simple  branchial  fila- 
ments extending,  which,  when  we  view  it 
with  a  roicr(Mcope  or  lens  in  water,  are 
perceived  to  have  currents  of  m  ater  ra- 
pidly and  incessantly  passing  over  their 
surface.  If  we  watch  them  with  attention 
during  their  rapid  development,  we  ob< 
serve  that  tbo^^^e  extended  branchial  fil  i- 
ments  develop  li  om  their  sides  small  sup- 
plementary  ramifications;  that  each  of 
those  branchial  extensions  is  formed  by  the 
subdivision  of  a  bloodvessel ;  that  c"  cb  of 
those  terminal  extended  portions  ol  the 
exposed  gills  has  only  a  single  capillary 
vessel  extending  round  its  margin ;  that 
that  branchial  capillary  vessel  by  simply 
giving  ofif  a  loop  from  its  sides  forms  a  new 
extension,  an  additional  circular  vessel^ 
and  a  new  part  is  iu  this  manner  succes- 
sively added  to  those  external  projecting 
branchiae.  Those  are  the  kinds  of  extemid 
aquatic  respiratory  organs  which  arc  first 
developed  in  the  tadpole  state  of  these 
amphibious  aiumals.  The  whole  of  the 
venous  blood  of  the  system  collected  into 
the  right  auricle  of  those  tadpoles  of  the 
highest  amphibious  animals  is  sent  to  the 
single  ventricle,  and  from  this  ventricle 
it  is  conveyed,  as  in  fishes,  through  a  bul- 
bus  arteriosus  and  branchial  artery  which 
entirely  ramifies  on  those  external  bran- 
chiae. 

The  branchiao,  as  we  saw  in  the  fishes, 
aro  not  .lie  snine  in  number  in  all  the 
aniptuhioiis  uaimais,  and  many  com- 
mence with  external  filiform  branchiae, 
which  are  changed  for  internal  branch Ise 
at  a  latter  period.  We  observe  that  in  the 
larvse  of  the  common  frogs  and  toads,  and 
in  most  of  those  amphibia  which  are  des* 
tined  afterwards  to  lose  their  branchirc, 
there  ai'e  four  of  those  external  gills  on 
each  side,  supported  by  branchial  arches 
attached  to  the  os  hyoides  ;  while  others, 
as  the  .9f/rm  and  the  prnteus,  have  only 
three  of  those  branchial  tuits  on  each  side, 
as  you  observe  also  in  the  azoMl  of 
Me.xico.  Those  gills  arc  supported  in  the 
same  manner  as  the  gills  of  fishes,  upon 
branchial  arches  connected  with  the  cor* 
nua  of  the  os  hyoides.  It  is  by  the  motioli 
of  the  lower  jaw  and  the  os  hyoides,  draw- 
ing in  water  by  the  mouth,  that  the  aera- 
tion of  those  branchie  is  partly  effected, 
whether  they  be  external  or  internal. 
But  as  the  whole  surface  of  the  branchiae 
is  minutely  covered  >\ith  cilia,  or  vi- 
bratile  organs  for  rapidly  renewing  the 
stratum  of  water  in  contact  with  their 
surface,  we  see  that,  independently  of  the 
action  of  the  jaws  and  os  hyoides,  those 
free  projecting  branch  ioe  have,  as  in  the 
bnuushis  (tf  iiiferior  classes,  the  mMoui  «C 
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rapMly  aerating  the  blood  distributed  upon  thif  larva,  state;  thejr  lit^ver  Jeare  -the 
them.  The  >i*holu  of  the  blood  o£  the  i  d^ep^  thei»focethe)^aev^  metaiuarpfaM& 
fystem  is  vent  throdglit  tnd'ODllfaotedlirofai,  { Bnft  ywfom'.iinwiy      -mmnhf^  lUi 

tinose  branchiic,  and  is  sent  partly  to  the  '  cattilaglnous  fishes,  as  in  thctlcvafoping 


head  by  small  branches,  and  by  two  great 
trunks  into  a  single  abdonfhval  norta,  which 
fends  it  through  the  rett  of  the  Byst4!m,  as 
in  the  class  of  fishes.    So  far  as  the  sub- 


tadpoles  of  amphibia,  that  there  is  a  tend^ 
cncy  to  the  closing  up  of  Che  great.open 
opercular  passage  8^iii.in,'{lilianillllMiH 

fishes.    Watching  the  struuture  of  those 


division  of  the  aorta  into  pairs  of  branchial  i  rasjiiratfiry  ain-sacsrin  thediffertmtgeiMm 
arterfee  U  eofieemed,  thto  ii  the  Arte  con**  { cit  ampMlmwii/  iiiaiabj)  wt^pmrn^H^U 


dition,  not  only  of  flshes  and  amphibia,  in  .the- slowest  forroi^  aa.in  .the  : 
but  of  all  the  vertebrated  classes.  The  triton  and  in  the  proteus,  they  still  reirtatn 
whole  of  the  systemic  blood  in  animals,  simple  internally,  and  witbout  caib  or  paiH 
from  maa  4o)mi  to  fishes,  ttppematfirstto  I  titioiMin        interior  ;.  tteiihe|r  av^f9aBT 


be  sent  in  precisely  the  suine  manner  from  tinued  in  the  triton  further  foms'arda,  of 
the  single  undivided  h^*t,  consisting  of  1  this  membranous  form,  and  termmaieiit 
a  single  auricle  and  a  single  voitricle,  |  the  back  part  of  the  tongue,  communioalt 
throQgh  these  branchial  subdivisions  <of  the  I  ing  t^u  'noM.dibtctly  ^itk  the  nwtMlk 


norta.  But  the  shortness  of  the  period 
during  which  the  higher  vertebrated  ani- 
mals rtmain  in  tKeir  primiliw  aqoatic 

dement,  is  not  sufficient  to  produce  the 
complete  development  of  those  true  bran- 


Thus  we  perceive  a  gradual  ascent  in[titt 
openings  of  .t^^iMie.  air-sacs  or  puluionan 
organs,^igiiii»4kdr.l>etiig  completely  cMli 
sacs  in  many  fishes,  as  in  the  eariiMt  ooftf 
dition  of  air-breathing  embryos,  to  their 


chial  laminated  organs  adapted  for  aquatic  openings  into  the.  stomach, .  into:  .the  jo^ 
respiration.  Tliosa  branchiae  themsdves  pha||a%  iBts  tba  pharynx^  andliiaMvA^ 

have  not  been  witnessed  in  tho  reptiles,  fore  part  of  the  mouth. 

the  birds,  or  the  mamoMdia,  altboi^h  those  t    From  this  simple  undivided  cotidilisa 

C' divisions  of  the  aorta,  tenned  tbe  |  of  the.  air-sacs,  however,  AM&,find>tfaedii 
nchial  arteries  are  now  familiar  to 
anatomists  in  all  thOM  higfaar^ntrtebcllted 
classes  up  to  man.  •^      m  ;- 

We  Observe  in  Hie  iMftel  «f  the  ttoir- 
pTiibious  animals,  even  in  those  that  never 
lose  their  fishlike  aquatic  respirator)' 
organs,  such  as  the  proteus  and  tlie  axo- 
)ou,  tliat  In  fhe  cavity  of  the  abdomen, 
and  extending  pretty  far  back  into  that 


the  aiifiiihiviis  animals  be< 
ally,  more  complex  in  their  structure,  more 
subdivided  internally  in  the  frogs  aod 
Isted-aabaMaABm,  hj^.nvamqmtttitmftr- 
vernag.^  all  directions  itheii^  iivterior, 
which  thus  present  a  greater  snrfaoe  iur 
the  distribution  of  tl^e  blood  .sent  off  firosi 
the  great  systemic  teterial .  tmhlc  .conN 
off  from  the  hulbus  ai'teriotus  and  the 


cavity,  there  are  respiratory  membranous  ^  single  ventricle..  -Those  pulmaBKjr 
sacs,  the  rudiments  ef  lungs,  as  in  fishes,  |  biuichos  which  wa  iee  in  the  amphiMt 
-w  hich  receive  bloodressels  corahig  off  j  coming  off  from  the  commenc 
from  the  trunk  of  the  aorta.  Those  still  •  the  aorta,  and  which  receive  the 
thin  simple  membranous  respiratory  sacs  aiixed  venous  and  arterial, Mood. from^the 
receive  their  arteries  Arom  the  great  sys- « single  ventrldevwhicli  ir.i^i  lbnnitfh\dl 
temic  vessel,  and  the  blood  after  ramify-  i  parts  of  the  system  r  ihooa  puhnoMvy 
ing  upon  their  parietes  is  conveyed  back  vessels  have  a  bulbous  enlargement  at 
by  veins  and  sent  into  a  separate  small  their  origin  in  tho  class  of  reptiiest  jTbe 
dnos  or  auricle  on  the  left  side  of  the  '  polnHnic  smus  or  left<iuflidi  be^oiMi 


single  ventricle,  forming  thus  a  third 
cavity  of  the  heart.  When  we  observe 
in  these  perennibraadiiato  amphibia  tlie 
tracheal  openings  of  those  membranous 
sacs  upon  each  side,  we  perceive  that  they 
communicate  with  the  pharynx  by^  thin 


transparent  soft  merobranout  tnbe. '  TMs  I  aa  in  the 


Is  a  structure  which  wc  might  have  some 
difficulty  in  recognising  as  a  very  simple 
condition  of  the  trachea,  but  from  the  ap- 
pearance and  general  relations  presented 
by  the  air-sacs  of  fishes,  and  their  com- 
»)unication  by  the  ductus  pneumatkras 
with  thecommeneenlbntof'tbtidlmentBry 
canal,  we  see  that  there  is  a  stmbtnre  of 
the  pulmonary  organs  common  in  smcV 


larger  and  larger  in  the  amphibia  as  tbc 
pulffionaiy  respiratory  organs  iiKrease  tn 
tlieir  esdfnii  and  developraent.  Theriog) 
of  the  trachea  are  acBreely  yetiperceplibie 
on  the  thin  membranous  tubes  wUichilMd 
to  the  air-sacs'of  tlie  ^oteusan^'thfe  s^gtBi 


There  arc  no  true  ritis  in  anspliibiay  >nd 
the  pulmonic  organs  ai  e  tilled  by  a  kzi^l 
of  deglutition  eJ^ted  cbitifly  by  tfa^anr 
tions  of  the  os  fajroides^  .;  Th^sotfhiislM 
to  fill  the  Inngs  with. air  when  their  moHh 
is  kept  open,  aii  ipspisatioa  in.theaajwsf* 
feetcd  by  t^^holta&afitbeimouthMliM 
of  thd'tnii^/  VteiFfficWtQipkhtioaibai 
therefore  some  analdgyhb  tbesr  aquaticiQ 


low  aquatic  animals  as  those  permanent  |  the  actions. which pooK^aoeJ^k^UTcptingdn 
fadpo1e0an«fi«he»^whirti  «MiCkii0y'Man({tlMM>of  fl^'ito^^ 
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to  t\  atcr-'bi  eatyiiiig^  nrftBn8.>T  .The  external 
filaraKntous  ximple  branchisc  Teaemblin^ 
this  i^ocrdmmsrttcBfkruteay  filunents  seetj 
hi' tuftsin  the  raris  and  sharks,  early  make 
tbcwiaqipeflnoxUtO'anil-caKl^.ara  cxohangect 
flBi<({dict4Bt9i  B  A  BmioMsK'  in'tliBlAfl^s  and 


the  sibgle  'ftir^Vlg  vhic*»  we  couxmouly 
see  in  fishes  atid  in  sDalla,  wd  nwy  other 
palmonatedi'gatlwo^ds.  Generally  you 
will  observe  that  the  npp^r  and  l)ack  part 
of.  theaeair  eacibin  (he  ophidian  reptiles, 
pratott4iritt4BileriM*iiMmite  aubdivided 


etiber  'aninp6»s  amphibia.  Thus  'ire  cenulaf  structure  formed  by  the  <  vtrnsioti 
ienrts  that  most  of  the  rrmphibia,  With  those  of  folds  from  the  ^)ack  part  of  the  parietcs 
ihrei^  SQccesRivc  forms  of  the  rcajjiratory  ,  forw  ards  into  the  iuterior  of  the  general 
«egiiM^i!OiRmeiioe4ritii-11ie'm1ieiTO^  caTtty-;~to'tlial-whttiW»open  this  part  of 
nitM'y  ttifts  of  many  of  the  articulated  and  '  the  Inng,  it  presents  somewhat  of  the  can- 
nioUii8coii»  animals,  then  acquire  the !  cellnted  appearance  ef  the  interior  suriacc 
em<ered  bronchia;  of  fishes,  which  are  nlti-  \  ofthe^ecottdttoWaeh  ofarpniliiatlng  eni- 

ore  effective  eel-  mal ;  nuniei-ons  delicate  membranous  ])hi\v. 


raatciy  changed  for  the  moi 
Inlay  limgs  of  terrestrial  animals.  The 
arqnatic  and  aerial  prgaua  ai'O  developed 
MrverjF'dMfcffeBtdecprem  In  ttieae  inlmals, 
and  even  in  the  pcrcnnibranchiate  species, 
artil  according  to  their  relative  dcvelop- 
fnent  is  tl)e  one  form  of  repiratiou  or  the 
biksh'  iisore '  ini^onaat  and  eaaeodal  to  the 
oontinnancn  of  life.  In  the  ftirm  the  pul- 
monic Tesp^tion  is  oiorc  extensive  and 
iiaporaUiti  tiw&  t^  branchial,  but.  in  the 
9ih>/e*afthflr .proportions  of  these  sjstenis 


extending  into  the  interior  of  th«  lung, 
and  covering  the  w  hole  of  that  upper  and 
dorsal  snrftce;  hot  Ibrenghont  the  rest  of 
the  Inng  we  observe  no  distinct  cells  any 
where  developed.  In  several  of  the  ophi- 
dian reptiles,  as  in  this  boa  eom^trieior,  the 
interior  cavitjr  of  the  lungs  has  acquired  a 
very  considerable  development ;  and  this 
is  very  importent  in  animals  which  like 
these  require  often  to  nee  great  muscular 
exeHions,  and  which  often  require  to 


are  the  reverse,  and  in  the  forrtier  of  these  '  lighten  the  body  to  enable  them  to  swiiu 
aodniais  the  lungs  are  cellular  throughout  over  lakes  or  rivers  in  pursuit  of  their 
•siwtilcHnldsalanMmdertfsindfrogB,  while  I  prey.  AU-the  reptiles  are  observed  to 
ia'the  proteus  they  arc  simple  undivided  '  take  in  more  air  into  their  capacious  and 
saos  asin;tbe  common  fres^^watertritons. :  slightly  subdivide<l  lungs  than  is  einployed 
Jbfu;     ,  •  •    '         •      in  o.xjrgenating  the  blood,  and  tms  la 

-AilvtiweerpentSftbelowestorder  of  the  .... 
true  scaly  air-breathing  reptiles,  we  ob- 
serve considerable  diversities  in  the  iorm 
Mtti  totent  oT  the  pulmonic  mfiitetory 
ifirgans.  In  alteort  all  of  them  there  ate 
'jIISo ^undivided  sacs,  and  there  is  an  ine- 


pedally  remarloWe  in  the  aquatic  kinds, 
where  this  air  serves  to  buoy  up  their 
heavy  and  slow-moving  bodies  in  thatr 

with 
and 


Hw  serpents  being  provided 
numerous   highly-moveable  ribs, 
amUty  generally  in  the  development  of  (powerful  intercostal  muscles,  are  capa* 
ifbenlflifafe  Btid  left*  lungs.  S«veral  snakes  |  Ue  of  rapid  and  extensive  inspiration 

have  only  one  lung  developed,  without  a  |  and    expiration,  which  contributes 


to 

the  energy  of  all  their  muscular  exer- 
tions. From  the  extent  and  dilatability 
of  their  lungs,  and  the  freedom  of  their 
ribs,  they  can  distend  their  body  with  air, 
and  make  it  firm  and  clastic.  Thus  wo 
see  that  it  is  in  many  ways  advantageous 
in  those  annuals  to  be  able  to  take  a  lar^je 
quantity  of  air  into  the  interior  of  the 
body,  which  cannot  be  subservient  to 
res(dralion,  as  it  cannot  all  come  in  con- 
tact with  the  surface  of  their  3imi)Ie  un- 
livided  respiratory  sacs,  over  which  alone 

•  distributed. 


1 1: 


trace  of  a  second  cavity.    This  has  been 
observed  esi>ecially  in  many  species  of 
;iBeAMIsrand  ijfphl^tt  and  vipera.    In  some 
species  of  boa  and  python  the  two  Itmgs 
iare -nearly  equally  developed,  but  in  most 
•«KVpeiMi'lh0' right- lung  Is  nnicb  more  de- 
pfim|Nd  tiaa  the  left.    These  respiratory 
■drguns^mrtake  of  the  lengthened  form 
'iwUch  we  have  seen  in  most  of  their  vis- 
tiplt,«fia  wIM  corresponds  with  the  kin|^ 
odJiKnilrical  form  of  the  body. 
I'olni  these  serpents  we  observe  that  the 

.iright  idng  ibrros  generally  a  large,  long,  j  the  pulmonary  arteries  are  distri 
cyliiiMeal^nni  ahnost  entirely  undivided  We  see  the  etlect  of  this,  indeed,  m  all 
Isac,  Without  any  cells  traversing  its  in- j  the  elastic  boniuling  motions  of  those  sei*- 
itterior,  exoeptmg  at  the  upper  and  backjppnts  even  on  the  dry  land.   The  long- 
t^rtoid.thftt  it  GOnmiitoioated  brn'ldngteontiniied  bitsing  sonod  which  they  pro- 
duce to  alarm  their  prey  is  effected  by  the 
expulsion  of  this  great  volume  of  wr,  and 
which  is  caused  by  their  moveable  ft*e 

  „  .  ,  ribe  compf«8lng  these  air-bags,  and  act- 

»ednt'to  be  generally  in  a  vc^y  rudiment- 1  jng  \\'itb  force  for  a  long  time  in  expellinp: 
jiBiy  stqte,  and  t^s  almost  single  coBdikion  j  it  through  tbe  narrow  passages  of  the  nos- 
nb|ithq  4oapinatory  uqdirided^faag  iift  fhe^itrils.  Tbeve.iiK  tn  appearance  ^ Irani* 
sHrfpdnttMvbtMtoriipirii^  .WtfUpga  «xteiidiiig  pet* 


«)bird«like  fti'ni  trachea  with  the  back  part 
^tS  the  tdngne,  where  the  larynx  is  very 
■iinpie  4nd  without  epiglottis,    On  th^ 

^deA)iideIlM.'obeerve  the  Inngr  ^4n  pre- 
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thems^ves  in  some  of  the  serpents.  On 
looking  obliquely  on  the  Burface  of  these 
dried  lungB,  both  of  the  ioa  aod  of  the 
liM,  you  will  readily  pnceiva  thit  tomtr 
vcMc  banrliMl  marking  extending  over 
there  to  their  posterior  €lowd  extremi^. 
These  hroncMBl  nmrkiogt  extebdiag  over 
the  lungs  of  these  serpents,  analogous  to 
the  bronchial  rings  which  we  see  conti- 
nued trom  the  trachea  over  the  bronchi  in 
the  hmgs  of  higher  eniaaele,  were  accu* 
mtelf  described  by  Rbtzius,  but  Meckel 
says  that  he  never  could  perceive  a  trace 
of  it  in  these  same  serpents'  lunga  now 
before  you.  Now,  in  the  embryo  of  the 
python,  Mr.c  KKi.  has  observed  three  bran> 
(^ial  openings  on  each  side  of  the  neck, 
and  MuLiBK  perceiyed  diitinct  giUs  within 
a  round  opening,  a  line  wide,  on  each  side 
of  the  nock  in  the  young  ctecilia.  Similar 
observations  were  made  by  Hatiike  on 
the  bmnchial  openings  of  serpents  in  their 
etnhryo  state,  and  Uaer  observed  that  in 


and  they  arc  continued  down  over  all  the 
fore  part  of  the  abdoroimd  vifcera  in  the 
form  of  loiig  detached  saccular  (ligitatipfuu 
which  ioaak,  in  their  interior,  undivided 
continuous  lengthened  cells.  Thus  it  is 
that  the  chamdieon,  by  merely  ii^piring 
air,  renders  the  whole  tmnk  of  iti  iMxljr^ 
from  the  head  to  the  rectum,  tuigid,  roun^ 
and  plump ;  aud  merely  by  a  single  cxpiy 
ration  of  air  from  these  luugs,  the  >f'b^ie 
trunk  of  the  body  ^'from  being  eoirmi|| 
throughout  the  whole  of  this  extent  with 
rilM  which  in  a  singular  wanner  OQutif^uft 
acroM  the  fore  part  of  tiie  abAomen,  and 
unite  without  extending  Hwrward  to  touch 
the  short  sternum)  assumes  a  lank  and  lean 
appearance.  It  appears  to  be  from  this 
siiclden  change  in  its  i^iparent  condition  or 
plumpness  and  leanness  produced  by  sim- 
ply inspiring  and  exi)iring  air,  that  the 
poets  represented  it  as  feeding  on  air. 
This  inflation  of  the  body,  hj  filling  thM 
long  digitated  lungs,  appears  to  have  very 


the  embryo  state  of  these  common  ringed  1  little  to  do  with  the  changes  the  suria^^ 
makes,  the  eohther  natH:t,  the  aioHa  di- 1  of  the  skin,  which  are  so  semarkahle  mt^ 

vides  at  its  exit  from  the  heart  into  four ,  so  useful  for  concealtnent  in  the  chame- 
pairs  of  branchial  arteries,  but  distinct  ^  leon.  In  this  extension  of  the  long  de- 
gills  have  not  been  seen  developed  in  any]  tached  cells  of  the  lungs  into  the  w^olf 
of  these  serpents,  excepting  in  the  csMdUa,  cavity  of  the  abdomen  hi  the  Cfaameleoi^ 

which  induced  MuLLKR  at  fu  st  to  regard '  we  see  an  analogy  with  the  abdominal 


that  animal  as  belonging  to  the  hutmfhia 

or  amphibia. 

In  the  saurian  reptiles  wc  still  find  some 
with  lungs  like  those  of  serpents,  almost 
entirely  undivided  in  their  interior,  but 
thi  y  are  equally  developed  on  the  two 
sides  of  the  body.  The  commencement 
of  Uie  subdivision  into  cells  is  seen  here 
always  to  take  place,  and  to  arrive  at  its 
greatest  dei^roc  at  the  upper  and  back 
part  of  the  lungs.  In  this  common  offici- 
nal setM^  (temetu  irfiemali*)^  you  observe 
tiiat  the  lungs  consist  of  large  sacs  which 
have  their  pariotes  all  marked  by  small  in- 
tenial  projecting  folds,  but  that  the  interior 
strooture  of  these  lungs  forms  a  continuous 
cavity  in  each,  and  is  not  throughout  di- 
vided into  distinct  cells.  In  the  chameleon 
wc  observe  that  the  luugs  extend  as  in 
other  rejrtile^  and  lilce  almost  all  the 
inferior  vcrtebrated  animals  that  respire 
atmospheric  air  (beneath  the  mammalia) 
freely  into  the  cavity  of  the  abdomen, 
there  being  yet  no  distinct  dii^hragm 
developed,  so  that  these  lungs  arc  still 
simply  enclosed  by  the  abdominal  pari- 
etos.  The  lungs  of  the  chamf^n  are  sub- 
divided at  their  upper  and  back  part,  to  a 
great  degree  of  minuteness,  into  small 
cells,  presenting  at  that  part  a  very  ex- 
tensive surface  for  the  distribution  of  the 
venoiuj  blood;  -but  at  the  lower  part  of 
these  large  lungs  you  oKMerve  that  that 


air-cells  coutinucd  fiom  the  lungs  of 
birds.  We  see  here  that  the  structure  of 
the  lungs  in  those  slow-moving  animals  is 
such,  that  the  whole  cavity  of  the  abdo^ 
men  is  filled,  as  in,  many  bird&  Vk  Uh  iso- 
lated large  cdls  continuous  wim  nioae  of 
the  upper  and  dorsal  part  of  the  luugs. 
Those  cells  become  collected  together 
and  further  subdivided  as  we  ascei;id  to 
the  highest  class  of  vertebrata,  an^  Ibqr 
are  siifticicntly  concentrated  into  a  more 
compact,  defined,  and  circum8crtbie4  or- 
gan, to  allow  a  muscular  partition  or  im* 
pbragm  to  be  formed  between  the  thorax 
which  contains  them,  and  tlie  rest  ttse 
cavity  of  the  trunk. 

In  the  crocodiles  and  In  the  Rxacdi 
the  lungs  are  externally  small,  but  lUW 
subdivided  to  a  great  degree  of  minute- 
ness by  internal  partitions.  They  assume 
already  that  circumscribed  form  which  is 
preparatory  to  the  complete  separation  in 
the  highest  animals,  by  means  of  a  dia- 
phragm, between  the  cavity  ot  the  tpofiix 
and  the  cavity  of  the  abdomen  ;  and,  in« 
deed,  a  rudimentary  condition  of  that  dla- 
pbi-agm  is  already  seen  in  the^ic  cro9o4ile9 
and  in  birds,  especially  in  the  osti|diep. 
We  already  perceive  enlargements  m  the 
tracheiu  as  in  many  birds. .  In  the  gecto 
fntMahu,  as  IntheemuofNew  UoUand, 
there  is  a  wide  aq^ratiun  of  til^e  rings  of 
the  trachea,  and  a  membranous  portion, 
capable  of  Ui8teuti(Hi,  passing  between  the 
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iRrMcly  lepvAtod  ends  of  the  'rings,  $ihtnst 

t\\6  MMlc 't>f  the  cnnrsc  of  tlic  trachea. 
The  rings  of"  tlie  trachea  arc  often  com- 
])lete,  US  ia  birds,  and  in  some,  a«  the 
i^'J^na,  the  rings  are  deficient  l»ehind  along 
the  whole  trachea.  The  hniiichial  open- 
ings on  the  side  of  the  neck,  and  the  isui)> 
MVMifti 'oT'tHe  ftorCal  ^hnik  'fhto  lateral 
]}tifr8  of  limnchiat  arteries,  have  heen  seen 
and  descrihcd  hy  niimrrrms  observers  in 
Ihc  embrj^o  of  the  coninion  /averta  ayilis. 
BxRtt  ob^erveit  five  fmirs  of  Hhuiebtal  fcr^ 
tvric'f.  Three  hrnnchiul  openings  on  each 
of  the  neck  have  been  observed  here, 
IdffnftHtf  ^rpents. 

In  the  chclonian  reptiles  ^'C  observe, 
again,  no  nuisculur  diaphragm  separating 
ll'tialrity  contafnlii^  Ihe  Hings  fWmt  a  ge- 
Tii'i-al  cavity  of  the  nhiloincn,  hut  that  the 
hings  are  equally  developed,  lart^ely  cel- 
lohir,  very  capacious,  and  stiil  composed 
<ff  an  undivided  single  diStfnM  lobe  upon 
each  side,  l^josc  lobes  are  snlMllviUed 
internally  into  very  large  cells,  present- 
Vnfs  tNoft  bat  «  MntiH  turfkce  (bf  Me  His* 
tnbiilfion  of  the  blood,  but  ft^ittiiig, 
specially  in  the  turtles,  a  large  qimiitify 
of  air  to  be  taken  into  their  massive 
Iknd'lieavf  body.  Those  Imigs  extend 
backwanls  over  the  whole  of  the  inner 
snrffece  of  the  eight  i>air8  of  ribs  that 
'compose  the  carapace ;  so  that  the  lungs 
Are  above  all  the  abdominal  viscera,  they 
extend  backwards  even  above  the  viscera 
of  the  pelvis ;  thus  the  turtles  are 
sttpfMrffeff  fn  the  urater  by  great  taes  of 
air  in  the  position  of  the  air-hag  of  fishes, 
but  the  colls  of  the  lungs  are  enormously 
iJeveloped,  contrasted  with  their  general 
cavity .  In  many  of  those  chelonian  rep- 
tiles wc  sfo  n  very  r^reat  advantage  ob- 
tainerl  by  being  able  to  receive  a  very 
Ikrge  quantity  of  air,  net  Hhsertlewt  to 
respiration,  hito  the  cavity  of  tlieir  trunk. 
The  heai'y  carcass  of  the  turtle  that  sail.v 
by  the  slow  motions  of  the  arms  through 
the  deep,  is  gieatly  attlfted  in  its  tno ve- 
to en  ts  by  this  large  quantity  of  air  taken 
into  the  cavity  of  the  tntnk.  Tlie  body  is 
thereby  lightened,  and  this  is  required  in 
these  animdt,  %herethe  muscular  activity 
and  force  arc  companitivrly  feeble,  and 
the  respiration  is  comparatively  limited. 
^/ft  Dcreeive  thin  that  Uiere  It  not  a  Qireet 
¥ilw  betttrelm  the  quantity  of  air  that  is 
tyketi  into  the  interior  of  the  body,  an«l 
tbc  extent  of  respiration  in  animals.  By 
"tAfe  extent  of  respiration  of  animsls  we 
'l^ean, '  therefore,  the  extent  of  surface 
'6ver  which  the  blood  of  the  ])ulnionar)' 
vessels  is  distributed,  so  as  to  ctune  in 
''tontacit  with  atmospheric  air,  so  that 
the  smalt  hut  niiiiiUrly  snb(!i\-i(!ofl  ccl- 
Tlllar  hings  of  a  rabbit  present  a  much 


mora  extenslvo  rarraee  for  the  dfetrlbtt^ 
tion  of  the  vtaoss  blood  over  their  interior 
than  the  enormous  lungs  of  a  tui-tle  ten 
times  its  size.  The  quantity  of  air  taken  in 
by  the  quadniped  is  really  less,  but  is  all 
eniployc'l  in  aer.iting  the  blood;  hence  its 
high  temperature  activity  and  development. 

We  perceive  also  thai  Ibr  the  evaeoa!^ 
tion  of  the  contents  of  the  intestine,  and 
for  the  ex|)ulsion  of  the  ova  and  other 
dibcharges,  that  this  gi*eat -^capacity  of 
the  respiratory  organs  It  important  Ht 
the  chclonia,  where  there  is  no  motion 
whatever  admitted  of  by  the  ribs,  which 
atO  flvmly  onited  to  the  vertebrse,  and  tO 
the  sternum.  And  as  the  trunk Ui  encom- 
passed by  an  immoveable  bony  case,  the 
parietes  of  the  abdomen  are  thus  ai<ied 
by  the  lungs  in  the  natural  evacuations. 
As  no  nintions  here  of  the  ribs  gi\  c  assist* 
ance  in  respiration,  wc  observe  that  they 
are  organized  for  that  function  nearly  as 
frags,  that  have  no  ribs  whatever.  Th# 
motion  of  inspiration  is  in  both  cases  the 
same,  botli  are  employed  in  moving  back* 
wnnte  and  fbrsraHt  the  ot  hyoldee,  In 
drawing  ia  tlM  air  through  the  nostrils, 
and  in  conveying  it  backwards  by  a  kind 
uf  deglutition  into  the  trachea.  Tlie 
trnclNnhtt  here  generally  a  lengthened 
form,  atid  Is  surrounded  as  in  birds  with 
cartilaginous  rings  that  completely  en- 
compast  It.  Sometimes  the  trachea  di* 
videt  near  lo  its  commencement  at  the 
larynx,  and  proceeds  double,  with  those 
com|>lcte  rings  around  it,  to  its  termination 
in  those  great  subdivided  alr-Mce  on  each 
side  of  the  trunk.  This  structure  of  the 
trachea  has  relation  to  the  iiressure  to 
which  those  air-tubes  arc  constantly  sub- 
jected while  the  aTiimals  retract  the  head 
beneath  therilis.  In  birds  also,  this  solidity 
of  the  trachea  appears  to  have  relation  to 
the  very  extetitive  and  varied  motfont 
performed  by  the  neck  in  that  chiss  of 
animals  where  the  head  is  their  only 
hand,  aiul  the  neck  their  only  arm,  anil 
by  which  motions  tho  trachea  night  hav* 
itecalibcrdinnnlshed,  were  it  not  protected 
by  complete  rings,  which  are  most  fre^ 
pictely  ossified. 

The  respiratory  nj)paratH8  of  birds  is 
internitidiatti  in  form  between  that  of  rep* 
tileaanAthalofthonMniTOalia.  Inthebirtni 
as  in  inscct%  the  rc8[)iratory  organs  cx^ 
tend  through  a  great  part  of  the  hotly ;  the 
cells  of  the  lungs  have  nut  yet  been  wholly 
colleoiBi  tailo  the  anteitor  yart  of  the 
trunk,  so  as  to  enable  them  to  be  commo* 
diously  piaoed  in  a  cavity  distinct  fron 
that  of  wnk  oMierflKera,  and  separaleil^ 
a  mnsctdar  partHlosi ;  but  many  of  th* 
m  ils  of  the  lungs  arc  here  still  continued 
into  the  cavity  oi  tho  abdomen,  and  eveft 
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,  jnt9  the  ixecK  «fHJ,|h&  fijirtC^Tpities.  TheK- 
uu^n^rQ^ft  ,^U4-0)|iiw  c^llp,  .cQosistuig  of 

J^'^Ai^'^iffl^^^"*^  highly  vai^v^r»fofl««d 

:iyr,>Jl!g(^^^iraiuary  cclU  of  tlp#.,|)«il0|f4|p. 
larged,  sujiply  the  place  of  a  tneseutery 
frffc^'l'^^  Ali^WU^al  viscera,  HiopQjoells^ 

^f^qdwg  both.  Ipi^wanl^  and  U^^m^nSk 
objferveil  to  open  into  the  lower  and 
|>08iei'lor  part  of  the  luugs  hy  a  few  lai'ge 
apertures,  and  to  present  internally  itepta 

,  |N|r^9|)y  4ividiqg  tlipiP^Huritfc  iQim  large 
peli  extends  forwards  under  the  sternum, 
/lupp^ying  with  air  the  booea  of  the 
A^ouldcr  ^nd  i^rm ;  another  ejcteudii  to  the 
vertebra,  anotbex  to  the  dorsal  piut  9i 
the  tniuk  behind  the  heart  and  u'sophagus, 
suid  pthe{^  ^iL^^^  abdomen  and  extend  to 
me  pelviv  T^e  bjnga  of  birds,  like  tboM 
of  chelonia,  q.re  bound  by  cu^Uular  tissue 
to  the  inside  of  the  ribs  and  the  sides  of 
the  dornal  vertebiu*,  and  there  id  therefore 
xio  distinct  thoracic  cavity,  nor  free  mm- 
cular  diaphr^m.  They  consist  of  one 
undivide4  lobe  upon  ^b  wifw  im4  we 
generally  very  ligl)k-co|oiwed.  lihe 

jppcn  directly  from  ihfi  AHRpncbial  trml^, 
and  though  minute,  compared  with  those 
joi^  reptile^  tbey  are  larg^  compared,  with 
tOiie^Qaxif  tfie  Jjingt  of  iiuadi-upcds..  Tlie 
trachea,  which  is  hero  generally  of  great 
length,  and  surrounded  with  completely 
formal  ossiQed  rv^gs  tliioughoiit  iti^  whoVe 
^tenty,pvpCf^  downwards  along  the^ide 
of  the  a>sophagu8  into  tiiu  dorsal  part  ot 
the.payity  x)f  ^he  f^unj^  where  it fo^rm^  ^he 
liilerior  ^nd.  lAlm  Bui)d«Qly  bifur* 

G&tes ;  fix»n)'fir|>bmu;p9lW'il,iBWi|ediatel^^^ 
ramifies,  thin  and  meinln'Anous,  almost 
without  bronchial  rings,  ibrcMigb  .tbe 
Itjiigs..  The  trachea  doM,  not  Ikbii^  «ob- 
tinuc  to  present  those  firn^  c^U'tilagiuous 
^ings  arpund  it,  after  it  uaMM  into  the  wide 
joeuiil^  te^u^  and  this  is 

ifOiimictfm  Vith  the,  fixed  condition  of  the 
lungs  and  their  want  of  division  into 
distinct  lobe»,  for  we  se^  in  the  mam- 
malia,  where  Ac  tcadie*  BobdiTklM  inito 
numerous  large  bronchi,  aud  those  bron- 
chial trunks  continue  with  their  cartila- 
ginous rings  to  a  ^reat  degree  of  mipute- 
iien  fhrongh  the  texture  of  the  Inaga, 
that  the  number  of.fbose  great  bronchial 
Vuoks  corresponds,  with  the  subdivision 

f^be  jbangs  into  lobM.  Hie  interior  of 
^,boi^s  of  birds,  bgramBnunicatii^p 
i  eeJUs  of  the  lungs,  are  respiratory  or- 
gf^ls,  which  cQmiuimio^  •  .«fi:cuitov%^ 
wft^  tKe  trache%  SO  that  if  w^km!k,.nt^ 
numerus  and  tie  the  trachea,  th«  bird 
inspires  and  expires  through  the  humerus. 
T^Q  i^e|l8,  which  ai;e  continued,  (rpm.  the 
l(uiiigi  iiito  the  i^nend,  , cavity  gyt  the^hdO' 
men,  continue  to  tlic  exterior  of  tbo  trunjl^ 
^PP^Ji^riiig.in  th^  <^iUi^4)i  U»  ftpc^^Ai^ 


ha9  awessjto  i  th  e  long^  bonesi  of  ^tjwi  eitw- 
ioitieiw j  ^WW^lMy'i      1  htimftUtts,  am)  tie 

femur.'  ij-^/ci^   li  ujun w-yiiui  :jni  iis  Jifc 

rei)tile.s,  by  having  a  spongy  textw*  of  the 
,i(it<.rior,jaf         :  bopfis  filled^twilb  %Jiua. 
jBf^ar^yi,  itik^  ^n  ttbe:  lanjaJiimliBit^ 
gin  in  thf^jaine  inanser  with  marrow,  sad 
not  air,  in  their  bones.    The  air  in  Hieiu 
iiooa  gaiu4  access  aJtrthewPittxiiusjl  .estflt* 
HQities  of  tliQi».  UfM«.i«amth«ii|iliilli 
extending  from  the  lungs,  and  inpnftiKir* 
tion  as  the  air  exAei^  into  thein^aooiftf 
the  bones  the  thiu  jserous  mammit/t^ 
sorbed  and  displaced,  and  itariituslioiKts 
occupied  by  the  air.  taken in.fthroni^  the 
iungft.  ?hi^  proM^ds  to.^  «iy«i|[iViuaiMe 
exM^  in,  the  diffeisent  ..eqdert.tofrilM. 
Thcce  ai'e  some  which  pass  the  giMter 
portion  of  their  life  swimming  on  line 
depjie,  ^fa.oe  of  .the.,. water,  aud  tboie 
h^Kfy'«aQ|WlMl  liirdaifHi>k*e  not  that  ligiit 
skeleton  made  almost  entirely  of  thin  air- 
tubeSk  such  as  we  see  .in  these  ossiiMi 
ka^wkiW  and  other  diurnal  rapaoiroiiitMi- 
The  tsyimnwig  birds  are  destined  to  li* 
tain  the  embryo  contlitlon  of  their  boMJ 
chipugb  life,  iille<l  with  a  tbin.maniait 
|»vt  ia  the^high'4ying  i^padMli  tMiilii 
air  is  passed  to  so  great  an  extent  thromfn 
all  the  solid  parts  of  their  skelctofv  that 
aioM>st  ail  the  bones  are  light.  aptahM; 
they  are  condensing  syrjBigs^dlnbiiwbidi 
the  air  can  be  forced  by  jjressurc  of  tlip 
abiyktintnaii  ^ietes  mtoim  the  ^  cells*  and 
tlift«le4lMit  oQudenyea  in  iHm  ttMt 
ciUteftes.tbe  doKeat  of  the  bird  thnM# 
the  air  when  pouncing  ujwn  its  prey. 

The  inferior  jjart  of  the  trac^ieaia^nh 
is  fofaied  inte  what  is  <iiritod  .theiinlMv 
larynx.  That  is  composed  of  enlargeil 
tracheal  rings,  which  have  more  or  Jmi 
metamorphosed  their  form,  and  theani* 
des  which  move  this  remarkably  idssi^ 
loped  part  in  birds  arc  found  in  n  le* 
conspicuous  form  in  the  same  .situatioais 
mamnaUa  ai  ebovm  hf  many  aaalttuM* 
The  8iH)erior  larynx  is  still  very  simple  in 
its  structure,  and  the  epiglottis  is  soen 
only  in  a  rudimentary  state  in  a  fevof 
the  bu^s  which  ai^pMMch  Merest  to  >tfefe 
mammalia.  The  muscular  diaphngMii 
which  separates  the  thoracic  cavity  tsttt 
the  abdoiQUul  in  maiifiHialia,  is  Hgemflollr 
in  a  very  rudineatevy-.  condition  in  linb 
in  the  form  of  small  muscular  bands  wlii<* 
:»i)00t  Mpwards  from.  Uic  ribs  over  the  fiun* 
Cmw aI: the  lungfy  aiding,  butislightly  in  iar 
spiratiuii,  and  developing  thus  .fit>ni  thf 
periphery  towards  the  centre,  like  tfce 
diapl)i;agm.in  .the  embryo  (»f,  quadrupfdi. 
This  :iDiueiilfirHiMHrtit»n  ,1b  .developed  M 
the  igeatest  extent  in  tl»  ostiich,  a  fatiti 
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nalUi  kk  Others  parto  of  its  ttrtietiire,  but 

I)inlrnreii^a11er in  t^ix(^lottl<)fl  than  they 
are  in  the  long-winded  singins  tribea^ 

•dliik  dtVtllMU'vfttte  brotichi  iu  blnh,  and 
th^ir  nbnijit  termination  ih  large  cells, 
•ppitMich  tlieir  lungs  to  those  of  tortoises, 

Now  before  the  brsnclmil  dpenings  are 
vltwoloped  on  the  sideii  of  the  neck  in 

"lairds,  the  integuments  appear  entire  on 
MKli  side,  and  when  the  eitibrf6  It  more 

KdovcloptMl,  three  lateral  patfiages  arc  dis- 
Mv«red  on  each  tide  leading  into  the 

''tXmtti''  fMy  «n  tMB  hi  the  tlMk  on 
the  Hiird  day  of  inchbat!on,\n4  Ibey  con- 
tinue open  to  the  eighth.  There  are  dis- 
I^Mtttly  five  pairs  of  branchial  arteries, 

'urtM  Meeiv*  lb«  whole  ewitoiHt  of  the 
aorta,  but  the  aorta  is  seen  here  to  divide 
from  its  origin  into  two  trunks,  each  of 

'«*bich  gives  Dffthe  M  brentfhlta  arMrMs 
of  its  own  side.  Between  the  second  and 
third  days  of  incubation,  four  j)air9  of 
these  bnuichial  arteries  are  observed  to 

*he  tttuMiiWely  predttced  ftwin  btftra  bfeck- 
wvids,  and  the  first  or  anterior  of  these 
pairs  has  disapptared  before  the  fifth 
jpair  is  developed  behind  on  the  fifth 
wqr  of  tncobation.  The  tame  order  of 
sdCcesiioii  is  observed  in  the  development 

.of  the  pairs  of  branchial  apertnres  from 
the  anterior  lo  the  posterior  pairs. 

The  respiration  of  quadrupeds  Is  more 
confined  to  the  lungs,  and  is  less  extended 
thvovgh  the  syften,tban  in  birds,  and 
though  their  lungs  are  proportionally  less 
Capacious  than  in  many  reptiten  or  in 
bird^,  these  cavities  present  an  iiomense 
iiufsoe,  from  their  ntoufe  subdivision 
into  cells.  Here  the  muscular  partition 
formed  between  the  two  great  cavities  oi 
4ieflniAk  by  die  diaphragm  is  0Din]i1eCed, 
and  tho  lungs  float  freely  in  a  distinct 
cavity  of  the  thorax,  for  the  first  time,  in 
this  clftss.  They  here  send  down  no  celU 
into  tbe  cifltjf  ef  lihe  abdomen,  to  as  to 
fix  them  to  that  cavity;  they  here  send 
out  no  membranous  tubes  to  continue 
-bito  the  beaetj  Uiey  are,  therefore,  oon- 
.oentratodiriMithe  thoracic  cavity,  along 
with  that  organ  which  is  always  in  pi*ox- 
imitv  to  tho  respiratory  organs  —  tbe 
iewt.'  Those  resplrMoiy  organe  are 
greatly  developed  in  all  the  more  power- 
ftd  mammalia,  as  in  the  carnivorous  qua- 
drupeds; but  tbey  are  comparatively 
wmUar  in  their  extent  of  surmee*  In  tbe 
slow  and  feeble  and  inferiorly  organiKcd 
btebivoisUt  This  extent  of  respiratory  ftiur> 
Jusb  'If  eM  4a  thb  mhiiiliniei*  of  tb^ 
iraiittkr  and  lobular  Aubfilvulons  el  the 
Iaii8s»    ^tMk'  wi»  lh«lr  IwtwtH  dioltfn* 


sions,  tbe  sutidil-iblons  of  the  iobe^  uf  the 
Ittiiiis,  as  of  8i^f«raf  bthclr  ja^^f^;h^^g 
greater  in  these  (pii'ckly-triovirig,  strong, 
and  muscular  qu^nipeds,  than  in  the 
«lof%  dimply  orgftbfiEeir  ^^a^-%kt!ng 
trfhbfc''  The  varieties  df  these  organs  pre- 
sented by  the  difFcrciit  brdcTS  of  quadru- 
peds relate  chiefly  to  their  exteHor  di\i- 
'Meat,  Md  to  thefr  gfealer  ae'km  capacity, 
the  plan  of  tUfitm^  being' lusriy  the 
same. 

We  see  in  the  diving  quadrupeds,  as  in 
the  benvers  and  the  seals,  that  the  noatrllt 
are  protected  l)y  valvular  structnref;  from 
the  water  through  which  tbev  move  with 
rapidity.  We  see  i  sonie^imit  mmfbi)'  ttriic- 
t\u'e  again  in  the  cetaceous  animals,  al- 
though the  form  there  is  different.  In  the 
porpoise,  and  several  others,  the  nostrils 
are  lengthened  ent  hito  two  sacs  of  c6ntf- 
derable  length,  muj?cularify,  and  molnlity, 
as  in  some  of  the  allied  crocodilian  reptiles, 
by  extending  which  fo  the  surface  of  the 
water,  they  can  respire  air  freely,  while  all 
the  rest  of  their  body  is  under  the  surface. 
The  trachea  is  here  coinparatively  short 
ttadtlraight,  and  ef  eqnidrcs]iber,d{i«dtefl 
a  little  to  the  right  of  the  enophflgl^,  and 
with  tbe  cartilaginous  rings  incomplete 
behind.  It  diritles  and  subdivides  before 
entering  ihe  tnbstancc  of  the  luikgir,  Itiiil 
continues  its  cnrtilaglnoais  rings  through 
the  minute  subdivisions  of  the  bronchi. 
The  ^rtmary-  diVl^idtit' ecMipond  with 
the  number  of  the  lobe<t,  which,  frbnrf  djib 
sinistral  position  of  the  heart,  are  mpt^ 
numerous  on  the  right  than  on  the  left 
side.  Thcf  dfevetepmietitr  of  lb«ib  respira- 
tory organs  of  the  mammalia  and  of  the 
branchial  arteries  and  apertures,  ]irescnta 
nearly  the  same  phenomena  as  in  the  in- 
ferior air-breathing  vertebnted  'chuses, 
and  these  branchial  apertures  on  each 
side  of  the  human  neck  have  been  already 
often  observed  and  described  by  tinato- 
mists,  as  by  Ratrkv,  Baib,  As^sRSoy, 
BuRDACtr,  Mkckrl,  MrtLEn,  and  many 
others.  There  are  generally  three  of  these 
brancMal  openings  present  at  the  sanib 
time  on  each  side  of  the  neck,  as  in  the 
embryos  of  inferior  uulmonated  verte- 
brata;  these  appear  in  succession  from 
before  backwards,  and  tbe  anterior  open- 
ings on  each  side  arc  generally  much 
larger  than  the  two  posterior.  In  a  hd- 
man  embryo,  three  nnet  long,  KATRiit 
found  them  not  yet  opened.  Four  pain 
of  these  openings  have  been  observed  pre- 
sent at  the  same  time,  both  by  Mvi.LKa 
and  BuaoAen  in  the  human  emhironbdiitt 
the  fourth  week  ;  and  Aschi:r«on'  has  ob» 
served  and  (iescribcd  several  cases  N\here 
remnants  of  these  branchial  openings  were 
preserved  tlii^gli  life,  funning  eongeuitA^ 

Astuke  In  fhb'  htbnto  neck.  Tbns  we  Ob* 
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PROFESSOR  GJUNT  QN  THE  SECRETING  ORGANS 


 that  thiBW  Up  great  imifonnity  of 

])1an  in  the  development  of  the»c  parts  in 
ttie  vcrtebrated  trihes,  ami  a  t>e^utiful 
adaptetion  in  all  the  form*  of  the  respiia- 
tory  organs  to  the  living  contlitiona  of 
animals  and  tlie  place  Uu}y  oucm^y  iu  ^be 
ai»l6  of  beings. 


—       IiWCTURE  LIT. 

ON  TUB  S^RBTING  UKGANS  OP 
AKIMALS. 

The  blood,  replenished  with  fresh  ma- 
teriixls  from  the  l;u:tcals,  and  oxygenated 
by  respiration,  is  littcd  to  he  scut  through 
the  system,  for  tbo  itoui'ishoieut  of  all  the 
organs,  and  to  afford  the  materials  of  all 
the  secretions.  But  every  living  »iem- 
bruac  in  contact  with  a  fluid,  whether  on 
the  surface  or  in  the  interior  of  the  body, 
exhales  its  own  peculiar  soiMctions ;  ao;l 
in  the  lowest  tribes  of  animals  all  the 
requkite  i^cretions  are  fttrnishcd,  often 
wittiouft  the  presence  of  a  sanguiferous 
system.  The  materials  thus  transuded 
through  the  porous  texture  of  membranes, 
or  the  parietes  of  capillary  vetsels,  arc 
sometimes  destined  to  foi  in  a  part  of  the 
system,  sometimes  to  assist  ii)  the  assimi- 
lation of  foreign  matter,  and  Bometimes  to 
form  excrcttoos  to  be  discliaiged  from  the 
body.  These  secretions  are  not  mere 
transudations  of  materials,  unchanged  in 
oompoiition,  from  the  flaids  vrhich  afford- 
ed  them  j  they  are  generally  altered  both 
in  their  chemical  and  physical  properties 
by  this  transmission.  Tlicy  are  poured 
out  aUke  by  the  cutaneous  covering  of  the 
surface,  and  by  its  continuation  the  ali- 
mentary caual,  or  into  the  shut  cavities  of 
lerous  membranes}  but  it  is  not  yet  dis- 
tinctly ascertained  how  far  the  peculiari- 
ties of  the  various  secretions  are  due  to 
the  form  and  texture  of  the  membranes 
which  albid  them,  or  to  the  mode  of  dis* 
tril)Ution  of  the  vessels,  or  to  nervous  in- 
fluence. The  secerning  membranes  moat 
frequently  present  a  tubular  forui,  open  at 
one  end  and  closed  at  the  other,  fin-ming 
sacs,  or  follicles,  or  conglobstte  or  con- 
glomerate glands,  and  their  whole  form 
and  stmctnre  become  more  complicated 
as  the  fluids  they  produce  differ  mCire  from 
the  ordinary  fluids  ol"  the  l)ody. 

The  iuteslinal  canal,  itself  a  secreting 
nirfflfoei  ie  the  oommon  sewer  of  the  body 
Jbito  which  numerous  streams  of  secreted 
fluids  are  incessantly  pouriujg  from  all 
sides.  Most  of  the  secretions  poured  into 
this  canal  are  chylopoietic,  or  assist  in 
the  conversion  of  the  food  into  chyle,  to 
replenish  tbc  bio^d.  The  glands  thus 
MMtvieuKto  nutritipn,  and  even.to  the. 


formation  of  the  globules  of  the  blood,  |rp 
the  most  essential  to  life  a^il  growth,.  ayi;i4 
the  most  universal  in  their  occnrrenfoe  ii^ 
the  animal  kingdom.  Indeed  the  processes, 
of  nutrition  and  growth  may  he  considered 
as  a  set  ies  of  secretions  performed  liy  all 
living  organ)^4  beings,  though  not  pm- 
duced  by  distinct  glands.  The  first  furtneil 
secreting  surface  is  tlie  skin,  and  noxi  lo 
this  is  its  continuation,  the  intestine  j  but  a 
mucous  inentbrane,  a  mucous  follicle,  aqi) 
a  muciparous  gland,  are  hut  different  fortns 
of  the  same  surface,  more  or  le^f^ifplaUii^ 
and  more  or  less  complicated.   It  is  on)} 
when  these  secreting  surfaces  Iiave 
suujed  an  isolated  form,  that  they  hai.-c 
received  the  name  of  ylmds^  which  luay 
thus  be  developed  as  isolated  oeca,  or  sac- 
culated recesses,  from  every  surface  of  the 
body.    Must  are  developed  from  thcinp^f 
surface,  and  all  glands  in  their  lowe# 
jiermanent  forins,  and  in  the  first  stages 
of  their  development,  where  they  arrive 
at  more  complicated  foi'uis,  are  siimtle 
c«eca  pi-olonged  from  the  mrq^  on  trtm;| 
they  open.   Now  you  will  olwcrve,  th4 
the  transition  from  secreting,  lining,  or 
investing  membranes,  to  secreting  gUndii, 
b  quite  imperceptible  and  gradual,  and 
the  nioit  cun>])licated  glands  of  the  high- 
est anim.ils,  as  the  liver  and  the  panci^ii 
scarcely  merit  the  name  of  glands  in 
primitive  conditions  of  development) 
in  the  lowest  tribes  of  animals.    The  duct 
of  a,  gl^d  is  the  gland  itsci/.  ami  it  may 
be  a  simple  undivided  iblll^,  or  it  may 
be  ramified  to  infinity,  and  compose  i 
large  conglomerate  mass  ;  but  tliis  mctn- 
hranous  duct,  with  its  vessels  and  nervc|^ 
appear  to  he  alone  essential  to  the  ftiaaif 
tiuns.    The  liver  and  the  pancreas  are 
but  ducts  developed  from  the  intestii^ 
and  ramified  to  a  great  degree  ^  ipinqts^r 
nesa;  but  we  cannot  perceive  any  iieoe|t 
snry  connexion  between  the  forms  <if  these 
rainillcalious.  .and  the  properties  of  tlte 
fluids  which  they  produce.  The  nuMk  of 
subdivision  of  the  duct,  and  the  mode  of 
distrihution  of  the  bloodvessels  and  nei;ve(^ 
are  peculiar  in  each  gland,  and  these  s<s 
no  douht  connected  with,  or  determine  tlj^ 
peculiarities  of,  the  secretions.    The  inti- 
mate structure  ol  all  glands,  so  far  as 
can  perceive  it,  being  thus  very  siipiw 
and  very  similar,  the  study  of  these  orga|9 
relates  chiefly  to  difforences  in  tlicir  fprms 
and  products  throughout  the  auiinal  kiufi- 
dom.  i 
As  the  function  of  digestion  is  the  most 
important  in  the  process  of  nutrition,  ^o^ 
the  most  universal  in  animals,  we/4^ 
glands  connected  with  this  fuQCtjbn(,.|M 
most  developed  in  the  highest  animals, 
and  tliose  which  we  ^^rccive  fir^t  iu  tlif 

lowei^tribM.  ^ffm^^iw^m,.^: 
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tfftn  effected  1n  many  of  thfe  lowest  ani- 
mals, without  the  aid  of  distinct  glandular 
apparatoi  to  pmr  Into  the  alimentary 

cavity  pccii!i;ir  fluids  nr  srcrrtions,  hut  we 
^ec  in  all  the  rauru  complex  animals  that 
ftnmcrous  secretions  ai'c  poured  into  tliat 
alttnentary  canal,  to  assist  in  the  process 
hf  fty?ifni!arion  Now  the  Lliylopoietic 
glaiui  which  appeal's  the  most  constant  in 
the  animal  Idligdoiii,  add  the  most  impor- 
tant in  the  process  of  digestion,  is  tho  liver. 
That  gland,  which  is  so  enodrmous  and  so 
^trnfrnxteA  In  Khe  mammalia,  we  fln'd 
continucil  downw  ards  throii^li  '^H  the  ver- 
tebrated  classes  of  aninmU,  through  all 
the  molluscous  and  most  of  the  articulated 
ffteSMfly  and  even  making  its  appeai'ancc 
amont;  the  animals  of  the  Inst  divialoni  the 
ratliatc<l  or  cycloneurose  classes. 

III  the  nolygastric  aalmalcdlef '  we  eee 
iiD  part  developed  from  their  cnpacious 
alimentary  canal,  excepting  those  sacs  into 
wlildJ  thdr  food  h  conveyed,  that  we  could 
consider  as  analogous  to  a  secreting  gland ; 
and  if  we  did  discover  such  development, 
there  Would  be  every  reason  Irotn  analogy 
to  omMidcr  that  that  little  glandular  folli- 
cUf,  or  chylopoietic  secreting  sac,  first  de- 
veloped and  opening  into  their  wide  intcs- 
thie,  was  tlie  analogue  of  the  hnman  Kver. 
Thit  cnT\clTislon  we  ^votl^1  come  to  from 
obser\'tng,  that  in  tracing  downwards  the 
{{landidar  orgatit  in  the  animal  kingdom, 
we  gradually  lose  all  the  other  glands 
before  wc  find  the  liver  to  disappear,  and, 
therefore,  the  first  gland  which  makes  its 
a|ifiesrauce  in  ascending  may  be  regarded 
a  rudiment  of  that  largest,  rno^t  im- 
jHJrtant,  and  most  constant  chylopoietic 
l^aod.  The  numerous  intestinal  ca;ca 
or  ttoniachs  of  these  animalcules  have 
some  resemblance  to  the  hepatic  cacs 
Mvelbped  from  the  sides  of  the  intestine  of 
unnelides.  They  often  swallow  prey  ten 
times  the  sixc  of  their  little  cr^'cn  or  sto- 
machs, and  while  the  whole  granular  con- 
tents of  their  capacious  middle  cavity  are 
«»on?itant1y  revolving  in  a  circular  manner, 
backwards  on  the  dorsal  side,  and  for- 
wards on  the  ventral  side  of  their  body, 
the  little  c:eca  retain  their  n  ?!  >  five 
placet.  This  internal  cyclosis,  resembling 
that  of  the  cell  of  a  chara,  and  probably 
jinxluced  by  internal  cilia  in  the  intestine 
of  animalctilcs,  is  very  ohviotn  in  the 
common  large  paramacium  chi ymlint  so 
Aattiie  ca*ca  of  polygastrica  muy  also  be 
analogous  in  function  to  those  hepatic 
iSieca  of  the  higher  hotuiintUoid  cla»i>cs. 
They  are  sohiendiljh'dWvMi  to  and 'fro  hi 
tlu  -rcat  nlonjinul  cavity  of  the  jmrama;- 
cfM/M,  lilcc  louse  balli  in  a  sac.  especially 
When  ibeteltakdeimt  iir^t^iiggiing  to  force 
Itfhbdy  through  a  narrow  passage.  Sonie- 

thef  ire  ail  fOrced  to  the  anterior 


part  of  the  hni\y  for  an  instant,  then  hnr- 
ried  in  a  maiis  to  the  posterior  end,  oi;, 
spread  through  the-  general  oavtty,  and,' 

we  often  witness  a  l,arp:c  roiuid  ca:*cttni, 
suddenly  contract  and  disappear  where  it^ 
was  alone,  and  distinctly  seen,  in  the  trans* 
parent  texture,  which  is  probably  caused 
by  its  suddenly  emptying  its  contents  into 
the  general  cavity  of  the  body,  where 
there  is  a  constant  slow  revolution  of  all 
the  granular  particles.  Notwithstanding 
the  extraoi-dinary  mobility  of  these  round 
eabcsL  in  the  genei-al  cavity,  they  are  not 
carried  round  the  body  with  the  other  mov- 
ing particles  in  the  constant  circulation 
observed  in  the  whole  abdomen  when  the 
animalcule  is  at  rest.  . 

Wc  sec  in  some  of  the  calcareous  tOO» 
phyies,  as  tlte  llustrai,  that  there  opens 
mna  the.  side  of  the  stomach  of  the  po* 
lypus  a  small  ca;cum,  whu  h  is  sometimes* 
seen  empty,  and  sometimes  Ailed  with 
opaque  matter,  like  the  stomachs  of  poly- 
gastric  animalcules.  If  this  small  ca  c-al 
appendix,  developed  from  the  side  of  the 
stomach  of  the  polypus,  is  to  be  regardeU 
as  a  glandular  or  seci*eting  organ,  U  pre* 
sents  tlic  si  mplest  form  of  the  liver,  as 
that  is  found  to  bo  the  first  glaud  dc- 
veloped  from  the  intestine  of  anfmals. 
This  is  the  mode  in  which  the  liver  be- 
gins its  development  in  higher  animals^ 
BscBSCHOLTz  ascribee  this  gbnd  to  the 
medusa  and  to  the  rhizostouia.  The  small 
CKca,  sometiriios  ramified,  which  arc  seen 
opening  into  tiie  intestine  of  holothuriao 
and  the  stomach  of  stellerida,  are,  accord- 
ing to  Chiajk,  conditions  of  this  organ 
among  ttie  echinodcrma,  but  the  end«i  of 
the  intestinal  cieca  more  probably  are  the 
analogues  of  tlic  liver  In  the  higher 
entozoa,  as  also  in  many  of  the  ana^hd^ 
this  organ  consists  of  mnuraend^e  tmefl 
and  short  dcca,  which  surround  closely 
the  intestine,  and  open  into  its  cavity. 
This  gland  is  given  to  the  entozoa  bV 
RuDOLi^ni  and  Bojams.  In  the  rotU 
fcrous  animals,  two  small  glandular  sacs 
open  by  two  short  ducts  into  the  masti- 
cating cavity,  surrounded  with  rou»cles, 
and  provided  with  teeth.  This  masticat- 
ing  apparatus  much  resembles  the  stomach 
of  crustaceous  animals,  wiHi  Its  musculfi 
strong,  parietes,  and  contained  teeth,  and 
is  generally  withdrawn  to  a  groat  c:ctent 
w  ithin  the  anterior  part  of  tho  body  wheu 
food  is  sei  /  e  d .  A  s  this  masticating  organ  per- 
forms  the  functions  l)oth  of  mouth  mul  sto- 
maofa,  the«e  two  glandular  sacs  which  open 
iilto  it  biiy  be  considered  as  analogous 
either  to  the  liver,  or  the  salivary  glands,  or 
the  pancreas,  or  to  the  whole  of  these  or- 
gans. In  ihfe  dfrrtiopals,  the  liverembracol 
the  Itomkch  \\  ith  its  numerous  small  lobei; 

and  'odtltilts  of  iunnmerable  laudftM 
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CTYptit  or  fonicles,  whioh  open  by  short  ;  ov  hepatic  diictn.  ■  Hero,  liowcvcri  in  Jlbe 
an<r  wide  <lucts  in  several  parts,  of  the  cnwtacea,  "wo  observe  that  they  biVe  vi^ 
)MHiMte»itf<!«Nlftt  Wtfich  mlNcatlMMWy d)(revcfi«;rroi^tlioM!<«M 

tho-o  anifnalx'pr(^etit  in  this  organ  fo  its  they  pi'cs<3nt  In  the  c\Mn  of  Inflects ^ thM 
form  and  eonilition  m  tlie  inolltMOous ,  th«  trmikii  subdivide^  itotUeitntiely  Hom 
ctfikuMr ^tNMiMifir  ttleei  -tfii»lfe«n  %ic»^  Mr'^D^gin,   imU'-t'  tlk09ft{  hjgaMttMaM 
ifi|^frdni:th«  Mdes  of  th^lnt^Mn^^tnatiy !  aji^ai^   <iuicltiy  <Iividc  into  an  ihfiiti^ 
dfibfi  WneHdes,  which  fiOnrrtJtimes  enlarge  '  of  smflUt-r  Hivision<«,  whkh  all  teimr. 
ittM  'WieM.  or  ramify  at  their  iree  extre^  nate  by  their  rounds  shut  ektremitiet 
irriCt^  MA  gorteValty  ci^fltftlfi  ft  yeltowisli-  j  on  tli6>(itiHae6«  «f'iai'<tli«  IbMfj 
white  inattpr.     Thc!?c  ^mall  appendices  great  ti  nnks  form  the  radicals -of  the- s^- 
present  the  most  divided  forin  of  tlie  liver  ,  veral  lohe»,  and  thus  we  obsprrfe  th* 
met 'WUit  in  the  articolated  classes,  in  so  origin  of  this  Idbed  ap]>earanee  of  thi 
9uti9»yithUes  to  St^'0|fetiihg8  into  the  ali- '  liver  in  the  Crustacea,  and  in  various  OtiMt 
mentary  cavity,  bnt  not  as  relates  to  its  '  glajids  of  higher  animals.  Upon  ivmovlnR 
oxt0nt  otf  ramification,  which  appears  to  ,  the  peritoneal  oovoringfironi  the  siu^aca  of 
Ifo  irt«it^  Iti'fho  AniMttcec  Thtf  MMary  !  the  H^l*  III  iShlB  cffnatecea,  and  ttHatllff Hfl 
sacs  aro  simple  ttid  illidl^ed  iti  the  Aa*  >  liver  itself  gently  in  wat^,  %o  0an<  pM^ 
MAea,  as  in  the  polygnfttriea,  but  ramified  ceivedistinctly.separatingfrom  eachothrt^, 
in  th^  planarise.   In  the  myriai)ods,  as  in  i  the  nnmerous  souiU  caoca  that  <70inpoM 
iMediB;  tb«  MU«tf  OfgSMM  tMA'O  a'kAngtdP.  |  the  tobtif  fliey  are*  mi«t1ien»<i»H|i'  a 
enod  tubular  form,  and  in  the  arachnida  lowish  turbid  i-ccretioni^-wHich  Ix  pour*d 
and  crustncea  they  present  a  more  rami- ,  from  the  small  Bubdivisioili^  «f  tboM-ni^ 
Ra^ind  dhided  form,  with  the  component  i  mifted  duots  into  larger  and  largtowmlb 
€ttc»  geiicrally  composing  distincl*klli0»;   |ui>on  «ach  side,  until  the  whole  batll 
In  the  class  of  insects  we  observe  the  into  two  trunks  that  o^ien  Bt'j|ba^j^iOfi( 
^'hnlc  apparatvM  of  digestion  arrived  at  a  extremity  of  the  ttomacb.-  ^  t'ii  ><>  >>  'i^ 
high  degMO'lU'compleMtest.  We  «»•  Mttfi  I    In  the  roollaMMi)l  dfltae* it  mikuMk 
not  only  a  biliary  secreting  apparatus,  hut  observe  that  this  organ  abio  preservk^s^a* 
also  distinct  pancreatic  glands.  We  see  sa-  stantly  a  proximity  to  the  ftomach,  and  il 
11  vary  glands  also  contributing  to  assist  in  :  perlmps  detiuieat  only  in  sonteof  thclowoik 
thie  pi^Ms of diglBitioii;  and  eorr^tpondlfig  ;  «if  the  tnHicsia^-  Iti ^  tunibated  aftiiiiati 


with  the  de\'elopment  of  the  masticating 
Oi^ans.  Hero  the  secretins  organs  of  the 
liiteiii«^ltt  -th«  MbaTtidMii,  «iihietini^ 
feknple^  that  conthnur fiMi-tbft'lMiiiof tbie 
Intestine,  and  form  tnnunierablc  convoln- 
tions,  filling  a  great  part  of  the  cavity 
if'the  abdoai(hE^'aitflT0l«nilng  agaiif  4M» 
the  intestine.  ThOse  numerous  convolu- 
Itoas  ofthc  biliary  glands  or  the  liver  of 
dUsect^  lorin  lobular  masses,  which  sur> 
JODUd  the  alimentary  canal,  liQl  which  we 
^ffn  easily  w  ith  a  little  care  uncoil,  and 
^ serve  that  they  form  a  continuous  tube. 
•A  'Dinrb'eeinplfR  form  of  tMs  gland  we  vit 
in  insects  which  feed  upon  vegetable  sub* 
stances,  the  simplest  form  of  the  tube 
>without  lateral  prolongations,  being  that 
whfdb  to  moat  common  in  oarnlwroufria^ 
sects,  as  in  the  cincindela.  In  those  that 
ieed  on  vegetable  substances,  as  in  this 
imtMmtha,  wt  generally  observe  developed 
from  thealdee  oftbofte  eouvoltftid  bfltiii«f 
tubes,  innumerable  very  small  cteca,  pre- 
iientiuff  thus  a  very  large  secreting  8Ur> 
jfiMii^iiftthlibe  tubtetlientelviiibr  ^fiftg 
the  fluid  into  the  alimentary  canal.  This 
is  a  diaracter  sfc  hich  we  obsei've,  with  cer 


w^e  observe  that  the  pyloric  extremity'  if 
the  stomach  is  surrounded.  - 'by  ^  disciadt 
lohe»,wlilGii^wecannot,wit)iMtodttiif(f)lbl 
flhds,  4UH0t  off  from-  tl»eU>  oontaH  will 
the  surface  of  the  stomacb.  ;  Au  etil^^ 
ment  of  the  biliary  doete^-  forming  aftJ^ 
Wadder^-toiMcriM  tb^*lt^>»t^^4nm 
mcidio'  and  soveial  of  those  ■wl'e  boniii 
plex  genera  of  the  tuniirated  finliaais^tbii 
biliaiy  secreting  organ  is  geaeralLf 
vided  into  iialtect.li>fcM>  tV&e  Mnaxei^ 
sist,  in  the  same  manner  as  in  the  crti»^ 
tacet^  of  the  subdivisions  of  the  h^lM^ 
duoM  ootered  by  the  thin  pedMMIdMM# 
bmne^ '  Unon  openHig'  the  stomaGbiiMM 
perceive  the  large  apettnres  bjr  wljfcl 
those  caeca  or  bUiary  foUiclo8o]i^i  into  the 
emitfaif  4luitfwiMi  vtlM«rliirg«  opeaiagi 
are  the  short  hepatic  ducts,  and- this  is 
precisely  the  structure  which -w^e  s^fe/n  tht 
conchiferons  animals^  In  all  ibhe  moltaa^ 
cous  classes  Of^  aaUmdB,'  the  jiver  i»  94* 
nerally  of  great  magnitude.  It  i»  'tb^ 
gland- by  the  secretion  of  which  tlie«iMgt>- 
«w<or«^<idk Jb  gfi«ly  aide*iaiM 
vegetahle-cottsumiug  elates,  wherff  >  'the 
salivary  and  the  pancreatic  piands  hfre 


tiain  modific-ations,  throughont  the  articu-  i  scarcely  a  devclopiueut  till  wi>  arrive  it 
4ated  classes  of  animUifr:«FM»«iMlflalMtll  {  tie  lii^r  daafea /of  itbci  iiuolknea^  We 
inembers.  We  obscrre,  numerous  lobe^  ol)«etAXi  that  in  the  ooncbiftoiMB  animxl*, 
iiiwraed  by  those  cteca  in  the  criistaooous  |  theh)b0i  «^vtheU«e^^uni^ilUadJtho:ppi^ 
•|uimaii»itlie  lolipti'«aiwi8tina  ^thely^f,t'pobt»iibf  tbaiiftoaiw^  »<MKii)itfiliBiifMit{ 
.•hBritbOiriMM^oMoimAittbii^^  l^piiplii9MiiilMMi|iii* 
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UirgctiapfirlUMK  ii,r«  Hen  ieaUins  dufeotly 
ialp^tM  UiMrior  «f  ikhMe  xaiiiified  eKu» 
aKHwuing  the  lobe*  of  the  liver.  The 
apertures  by  which  theae  abort  hepatic 
iluctfi  tAjrjuioato  in  tlte  stomach,  have  gc- 
MBldljr'  Mi.'ObUqutf  diroetion.  When  we 
open,  however,  the  cavity  of  the  stomach, 
WOt  «SAn.st:e,.  without  . dUsi^tioii,  the  nu- 
MWwiti-  dhlique  ytide  laHfiil  i»assagei 
leaiiioi;  iato  the  subdivisions  of  tin;  liver. 
It- often  eiiyelo|Mi  alM  the  ti)ru4  of  th^ 
jyRitestki«,a«i<i  iut>b«bJgr  iKiurs  its.t^cretioQ 
•taD  iUit»/iti«l.«,i|ftrt  vS  Uici  aliiii«itiur)r 
««.vUy. 

i^.  Iu  .  tbo  .  g&«teropo<Is  we  observe  the 
iWw  generAlly.  of  fVMt  magnitude,  aad 
that  it  fltiU  0|>fn9,  as  in  the  are])halotis 
iQ^luaom  into,  jtbe  cavity  of  (he  atQinaub. 
jli  opens  into  Ihe  xMvity  of.mn  «tl»ittMb 
at.  ita'  pyloric  extremity ;  and  we,  have  it 
there  opening  dose  to  the  orifice  of  an> 
DUMr<|UttlQ;  gland,  a  small,  ttmple,  and 
dlitipot.gUfMli^''C»cum,  the  obvious  ru- 
diment of  the  pancreatic  glnndi  the  con> 
Slant  coiiicoiuitaat  eC  tbciiKer.  iTbe  livpr 
taos^so.ifeoevUyr.  eimo|Mk»  htgfi  ]>or- 
tion  of  the  intestine,  witbi  i|a  l^tlilMMMS 
loheSi.aain  the  conchiiera,  t  i! 

>,iliL-tbeptes'pp<xl«  U>c  liver  presents  stOl 


single  9blk«e  valvMl^r.^ift«(iH-jin  <)ri,ft!^ 
^hfit»  yo«  ob$em'llisjfc;tha  da<;t,'T«rqi«i| 
hy  Ihe  jv&ct<<on  of  the  two  hepatic  ducts, 
not  only  enters  obFiquely,  but  has  at  its 
entrance  two  thickened  lateral  folds,  tlval 
serve  as  a  valve  to  prevent  the  ]>artia]|y<f 
digestod  food  coutained  in  this  spiral  sto-' 
mach  from  passing  np^vards  through  the 
long  heiMtio  dncte,  This  is  a  more  Isot 
latcd  and  concentrat(*d  form  of  the  litfW 
than  we  s^e  in.  any  of  .ti}e  inferior  clasAe«» 
We  still  see,  es'fui'.in'.tliese  ^neUDSQowi 
classes,  very  obviottsly  the  tnie  origin  boa 
nature  of  the  liver,  that  it  is  mcrehvl^ 
iMintinuation  of  the  digestive  canal,  a  ra^ 
miM  -appendix,  continncii  .Itotd  the  ali- 
mentary  cavity,  like  the  cana  of  animal- 
cules i  but  here,  it  is  betuM^^e  at  length 
tnose  Isobttad  In  lta  lDtiii,  «iM].  .«i;en  prev 
sents  a  valvular  structure  placed  at  its  ter- 
mination in  the  aliraentary  fiV^al*  a9  we  see 
ux  higher  classes.  Arotmd  these  mmute 
QonpoiMnI-  cseca  of  the  Uver,  the  hepatic 
arteries  arc  minutely  distributed  to  afford 
the  materials  of  the  bile  w  hich  trau^udes 
£rom  their  parietes.  i 

In  fishes  we  find  the  liver  generally  of  a 
lar^BS  siice,  as  in  the  qiolluaca,  o(  a.  .rery 
light  g«lour,  of  »  soft  0Ditsi«ie»eeK  diiridfii 


thfiisaqie  fharacter.  We.  |ierceive  that  in  ,  into  numerous  lobes,  antf  abpimding^  Miif h 

the  clio,  the  lobes  of  the  liver  envelop  an  oily  secretion.  A  part  ot  the  duct  1* 
almost  the  whole  length  oi  the  stomach  of  >  develoi^d  generally  into  a  gall-biuil(ier 
Uial:,aniiaal,  those  lohes  sending  thek  iftljIw.iQkM*  4if  a8hes»  iAJIil«ltlion.  to;  Ass 


ducts  directly  into  the  cavity  of  the  sto- 
luaqb*;;  J<n  tia  cephftUwods  we  observe  the 
Ifarsr  ofifliMt  Mgnimdcv  iMxsapying  gene- 
rally the  .upper  and  dorsal  part  of  the 


mere  caeca,  which  we  perceive  to  con- 
sUlDle  the  liver,  ia  the:  inferior  classes. 
Tb«  h«f«tie  diMl»*  aftetf  hwring  received 

the  secretion  of  nil  the  different  minute 


oSAri^ty  of  thejnaatlek'  The  liver  has  here  ,  csciw  here  comnu>nly  forgss  an  enlarge^ 
Stnctfally.  ^,.d«rk4vOMra  oolour, .  which  '  ment  in  its  course,— a  gall-bladder,  which 
JMndtSifoeai  the  hue  of  theselnittioa  that  |  is  seldom  wanting  in  fishes,  and  is  gcaei> 
if  formed  Jiy  the  parietes  of  innumerable  rally  larpe.  At  first  a  simple  enlargement, 
oasca^  which,  coin |me  the  entire  mass  of  or  small  c^icuro,  opening  obliqaeiy  into 
tiW  organ.  W'e  find  the  biliary  Mcretion  !  the  fld«  9t  the  hepatic  duei»  .tfnmrgm, 
iQihavethis  turbid  yellowish-brown  colour  becomes  more  isolated,  and  has  a  lenf^th- 
liinniglioiU  ail  the  cseca,  and  throughout !  ened  duct  for  itself  to  couununieate.  with 
tjaiirtihffitirlh^rtrrTiifnTitirii  in  thfr  ipml  |  thr  hepatic,  sAd  the  janeiiiott  of  theie 
third  stomach.  Upon  removing  the  outer  i  forms  the  ductus  conniuinis  choledochus; 
^aidtoneal  covering  from  the  liver  of  the  but  observing  the  origin  of  the  liver  itself, 
#0pia.or  theloligo,  and  slightly  detaching  and  the  means  by  which  it  is  rendered 
^ioellolar  tissue  and  MMtls  which  coa-  thus  complex,  we  have  no  dtfTici^.  ia 
sleeithe  c«ca  together,  we  can  easily  per-  pen*civio^  the  true  nature  and  the  origin 
<flSiveb-hge  floating  them  in  the  water,  the  |  of  this  reservoir  for  holding  the  seci^ted 
liwMaitiiMiinmleils  of  the  kaimnendde  se-  fluid  until  it  is  needed.  Hence  iLiS",  that 
{nrate  pcri|)herBl  cfieca,  in  which  the  biliar)'  in  the  ])rcdaccous  and  carnivorous  animals, 
ihsotaaltitnstciy  terwiiaaU»  w^ea  we  trace  |  wh^re  the  food  is  obtained  o£tea:  Jong 
llMpi>isNli;tiitlr  tisHln  >to  tfaair  tatnified  I  inter«alt»  this  fesMfvoir  ia  or^ncat  nlififigr. 
terminations.  The  whole  of  this  large  |  It  receives  the  bile  that  u<  pouring  down 
ot-ange-Qolourod  mass  consists  only  of  a :  in  such  animals,  by  the  incessant  secretion 

*       m       ^  '  e         A.'  ^  .  %        \  ^  *         %         A.     -  a  ^aS_S  *         t  m 


juysiad  of  i^uiificatiuns  of  the  hepatic  duct 
i4t  theioweriUu]  fore  pai  tof  the  Uiw  two 
^dUctaiasne.  Thesie  two  ducts  convey  the 
,storatinn  ofaii  tlse  iaouuerskblbosrcadowa- 
abaddsito.tidHriliia.spiral  stamtdir  ^hcre 
tfaeyj .unite  h»to  a  siiifclo  duct:  This  duct 
KfHrfnai— 1  jft  itfaa.ipiyl  astpmwh  by  a 


from  the  minute  caeca  of  the  hepatioducta; 
as  the  circulation  ia  going  aa  iilims8sdti|r 
through  those  capillary  vessds,  aotheaci- 
cretioa.  ia  ooostaptiy  fonaing.  But  it .  is 
aMMl  waaledffai'tafaaals'Wfaon  tha  fB0tl>1i 
there  to  be  acted  upon  by  it,  and  as  many 
Aalmaia  iftU .  upoa .  v^taMa .  suhstanoeii 
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jOf  which  there  is  nn  uncrr..^iiip  nl>i]Ti(lmirr 
mi  the  (ace  of  the  earth,  tho^e  aniuiala  re- 
tire no  gall-hladder  or  rcservtHr,  bat  a 
bonustant  direct  supply  of  bile,  and  are 
not  *<iil»ioctG{l  to  those  long  fastings  and 
goi  iiinnUiziiigs  which  the  caiiiivorous  and 
rapacious  animate  acre  lubject  to*  Hmce 
it  is,  that  in  thr<^  •  carnivorous  classes  of 
animals,  the  reptiles  for  instance,  ^ 
Srctttcr  fRnnber  of  which  are  prednoeotis, 
we  find  that  the  gall-bladder  is  remark- 
able for   its  constanc}^ ;  that  in  other 
cla^ises  and  orders  of  anunalti,  where  the 
jtiiporicion  and  habits,  as  relates  t^  food, 
'firo  voi  v  dlssimnar,  one  gcnns  has  that 
api>eiiUix,  that  reservoir  or  caecum,  the 
jBall-Madder,  developed,  while  the  next 
^nus,  with  different  habits^  is  totally  des- 
titute of  such  an  organ* 
*  In  the  dass  of  fishes  we  obserrc  a  great 
raricty  in  the  outward  form  and  s'v/.e  of 
this  organ,  which  difference  arc  of  loss 
importance,  as  they  merely  arise  from  its 
heuig  deft  into  a  greater  or  less  number  of 
lobes  or  marginal  divisions.  We  find  here, 
however,  that  the  internal  structure  of  the 
liver,  fn  a  more  important  part,  is  heeom- 
in;^  different.  In  the  ce|)ha]oi)ods  a  hranch 
of  the  aorta,  as  that  trunk  ascends  behind 
the  liver  to  the  head,  comes  off,  and  is 
distributed  on  the  interior  of  thai  organ — 
the  hepatic  uitcry.   We  perceive  as  yet 
no  trace  of  a  portal  veiu.   By  this  artery 
;an  the  tnatci'ials  are  affimrdeil  for  the  se- 
cret inn  of  the  contents  of  all  those  small 
he]>atic  caxa»   As  we  asceml,  however, 
'thraugh  the  fishes,  we  tea  that  the  blood 
which  has  been  sent  through  the  muscu- 
lar and  tlie  dii^ostive  organs  is  collected 
1>y  the  veiiiM,  and  sent  again,  by  those 
veina  accumulating  into  a  vena  poiize, 
through  the  liver.    Those  portal  vessels 
are  less  subdivided  through  the  liver 
In  the  class  of  fishes  than  In  higher  ver- 
tehrata ;  they   tjccoine  nioi  e  and  more 
subdivided  through  that  organ  as  we  as- 
cend to  the  mammalia.   It  is  seen  by 
their  trunks  passing  more  directly  through 
the  !^t)bstance  of  the  liver  into  the  hepatic 
veins,  and  not  ramifying  to  infinity  as  in 
the  mammaHa  and  in  birds.  There  arc 
frequently  hcpato-cystic  dncts  in  fishes, 
which  conduct  the  bile  directly  from  the 
lirer  Into  the  l^mdas  of  the  gall-bladder, 
as  well  as  the  usual  hei>atic  ducts  leading 
to  the  cystic.   The  bile  in  fishes  is  poured 
by  the  ductus  communis  eholedochus  into 
that  part  of  the  duodenum  that  is  imme- 
diately beliind  the  pyloric  valve;    it  is 
jMnired  into  the  intestine  in  close  proxi- 
mity to  the  secretion  ei  another  glandular 
organ,  which  j)rescnts  nearly  all  the  rlif- 
ferent  phases  of  its  development  in  the 
single  data  of  fiahea— the  i»ancreas. 
In  the  amphibiouf  aniinab  we  observe 


lANS  OF 


the  liver  for  the  nio.ft  part  of  prrat  aiT-c, 
and  partially  divided  into  two  lubes.  Tim 
ire  find  also  through  the  difTorent  Men 
of  reptiles.    The  atncture  of  the  organ 
here  is  nearly  the  same  as  thnt  of  ftshoy, 
and  there  is  almost  always  a  large  gaii* 
bladder,  aa'  in  <hat  dass.  Ute  hepatie 
ducts  that  constitute  the  essential  ]mrt  of 
the  liver  Tary  much  in  their  mode  of 
ramifying  in  the  verteliratod  danei^  ahd 
in  the  mode  of  grouping  of  thdir  minute 
lobules  or  acini,  as  observed  by  many  of 
the  older  anatomists,  and  especially  by 
MALPifiHi.  The  development  of  the  livw 
has  been  traced  by  MtTLLRB  in  the  tad- 
pole, and  observed  to  uoramcncc  by  a  few 
small  and  simple  itaUides,  whidi  incresM 
in  number  and  length,  and  ramify  to  com- 
pose the  larffe-lohed  organ  of  the  adult 
animal.   In  wie  pipa  three  of  tlw  origind 
divisions  of  the  organ  remain  permanently 
detached,  forining  three  distinctand  sepa- 
rate lobes,    in  the  true  reptiles,  the  liver 
is  more  minutely  subdivided  intoactitiaii 
their  component  follicles,  the  portal  rirrn- 
iation  is  more  complete,  the  organ  is  large, 
and  little  divided  externally  Into  loiiat. 
The  gall-bladder  is  scldmn  wanting  in  this 
class,  and  there  arc  commonly  hepatic 
ducts  passing  directly  from  the  liver  to 
the  duodenum,  besides  the  duct  from  tbe 
gall-bladder.   The  organ  is  temark^ly 
lengthened  in  the  ophidian  reptiles,  broad 
in  the  chelonia,  and  of  an  intemdedfaHe 
form   in  the  sanrinn  animals.    In  the 
ophidia  the  hepatic  ducts  alternate  with 
the  8c])arate  imncreatle  dticti  fa  their 
points  of  entrance  into  the  duodenum. 
There  is  still  a  separate  heprttic  dnc!  in 
the  class  of  birds,  \Yhich  passes  into  liie 
duodenum  above  the  entrance  of  the  cys^ 
tic,  and  the  whole  product  of  the  liver  is 
here  jioured  into  the  intestine  at  a  con- 
siderable dlstaneebdowthe  pylorie«rHin 
of  thr  'Jtomach.    Tlie  secreti  on  rf  this  or- 
gan, wliich  we  saw  in  the  lowest  animali 
poured  directly  into  the  stomach,  to  reach 
the  food  early,  and  to  act  npon  it  during 
the  whole  of  its  short  pj\<<^age  throuq-h  the 
body,  now  enters  the  alimentary  canal  at 
a  distance  beyond  the  stomach,  Uk»  ftod 
being  here  acted  upon  by  other  secretions, 
and  having  a  long  course  topass  through 
after  leaving  the  stomach.  The  flisdvn  of 
the  gall-bladder  still  often  receives  several 
hcpato-cystic  ducts,  as  in  lower  classes.  ' 

The  intimate  structure  of  the  liver  in  the 
highest  dass  dt  animals  atUl  prewnCs  ail 
ohvions  appearance  of  minnfe  ca>cn,  form- 
ing iobules,  by  their  grouping,  when  we 
examine  it  npon  the  outer  turihice  tbfMgl^ 
the  transparent  peritoneal  cov.  rin^,  or 
even  when  we  cut  open  the  trunks  of  tho 
great  vessels,  the  vena  pMta?,  or  the  htrae 
hc^cTflfan.  WiiiiiaMttobttliOd'«|M 
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piGWi  more  than  a  ocntiir}'  past,  by  the 
raiutfiicationB  of  the  hepatic  duct,  which 
here  branches  gener«Uy  -into  leaMike 
gnmpB  dl  tarndnal  .Sdlivles,  seen  every 
where  over  the  surface,  and  through  the 
interior  of  the  mass.  Into  these  minute 
timniiial  liolUcies  and  their  •ooonectiug 
trunks  the  bile  is  transuded  from  the  ca- 
pillaries of  the  previously  united  vena 
portai  uud  hepatic  artery.  But  although 
tiiese  follicles  vary  in  their  minuteness, 
and  in  their  mode  of  grouping  into  lobules 
•r«ctai»  in  each  of  the  mammalia,  and 
«teo  in  the  mode  «tf  diatribstioii  of  the 
bloodvessels  through  the  mass,  we  still 
observe  this  largest  and  most  complicated 
gland  of  the  body  to  consist,  in  the  highest 
ftBimalt  at  la  the  loweil,  awrely  «f  s 
membranous  duct,  or  prolongation  de- 
veloped from  the  parictes  of  the  aliment- 
ary canaL  From  the  chemical  composi" 
llfm  of  Its  prodncts,  this  organ  performs  a 
function  somewhat  similar  to  the  lungs, 
and  we  find  it  developed  in  animals,  ge- 
fMraUy  in  the  ifivene  xatio  of  their  re- 
■fllntory  organs. 

Other  inii)ortant  glandular  organs  pour 
their  secretions  into  the  alimentary  canal, 
as  the  pancreee  and  the  f alivary  gUndt, 
and  these  pass  through  nearly  the  same 
varieties  ot  form,  as  we  have  seen  in  the 
liver,  during  their  derelopmcnt,  and  pre- 
sent correepoodiiq;  phases  of  development 
in  the  pennanent  forms  which  they  ex- 
hibit in  the  lower  animals.  As  low  as 
ftte  dast  oUaux^  we  perceive  other  dis- 
tlBeft  glandular  cneca  developed  from  the 
fide  of  the  intestine  near  to  the  hepatic 
vessels.  From  Its  proximity  to  the  liver, 
and  its  (HU  rudimentary  condition,  the 
nature  of  that  gland  cannot  ho  mistaken. 
It  is  of  a  form  still  more  rudimentary, 
stil  Wire  simple,  iSniiitiiat  presented  by 
At  Wrer  itself  having  generally  the  ap- 
pearance of  a  small  short  simple  caecum. 
That  is  a  rudimentary  form  of  the  pan- 
ereas  whUh  hdoogs  to  some  of  the  ar- 
ticulated, sod  also  of  the  noUtocons 
animals. 

We  observe  the  pancreas  to  present  in 
Mm  gastosopods  the  same  form.  It  there 
appears,  as  in  the  doria  and  in  the 
aplysia^as  a  small  simple  caecum,  with 
ftntaiar  thick  parictes,  i>ouring  its  secre* 
tion  into  the  cavity  of  the  stomach  at  its 
pyloric  extremity,  close  to  the  openings  of 
the  hepatic  ducts.  In  many  of  the  cepha- 
lopoda wo  observe,  surrounding  the  hepa* 
tic  ducts,  nnmeron*?  small  glandular  suh- 
divided  or  cellular  follicles,  that  pour  their 
secretion  into  the  two  limtie  doota  by 
small  tubular  short  pechincles;  those 
glands,  from  their  communicating  with 
the  bepatifi  orgaas,  and  pouring  their  se- 


cretion into  the  same  point  of  the  altmentn, 
ary  canal  with  the  biliary  ducts,  can 
1  scarcely  be  considered  a»  the  analogue  of 
I  any  other  organ  than  the  pancress*  lo, 
the  loligopsi:^,  those  glands  have  a  moce. 
ramified  form  than  they  have  in  the  sepia 
or  in  the  loligo.  They  have  here  the  form 
of  tofts,  end  those  tufts  shoot  ont,  fenaing 
distinct  lohcs  in  that  small  animal ;  so  that 
this  gland  has  the  same  proximity  to  the 
liver,  when  present  in  the  invertebrata,  as 
in  the  vertehratcd  classes. 

In  the  class  of  fishes  we  observe  the 
pancreas  to  have  its  simplest  form  in  the 
osseous  fishes,  wliere  it  lias  the  liDmi  go?, 
nerally  of  numerous  detachod  OBoat  of 
considerable  size,  opening,  hy  many  dis- 
tinct oriAces,  into  the  commencement 
of  the  duodenum  immediatelf  he>'ond  the 
pyloric  valve,  lathe  frog-fish,  the  InpMva, 
two  only  of  those  pyloric  or  pancreatic 
caeca  exist,  which  are  short  and  wide,  one 
a  little  larger  than  the  other.  These  open 
immediately  beyond  the  pyloric  valve,  and 
close  to  the  termination  of  the  ductus^ 
eommunis  ehdedocbos,  sliowing  obvi* 
ously  the  nature  of  those  small  glandular. 
ca^ca.  In  the  cod,  the  haddock,  and  most 
of  the  osseous  fubes,  \vc  observe  that  they 
are  much  more  numerous,  surrounding, 
by  their  numbers,  the  whole  of  thi^  portion 
of  thje  duodenum  immediately  beyond  that 
circular  projecting  internal  fold  of  the  mu- 
cous coat  called  the  pyloric  valve.  Fre- 
(luentl}',  however,  we  can  perceive  that 
those  cseca  divide  and  ramify  at  their  dis- 
tal extremity,  each  mtniits  division  pre- 
senting its  shut  extremity  around  the 
exterior  surface  of  the  organ.  Sometimes 
these  extreme  divisions  unite  to  form  a 
I  few  large  trunks,  which  open  by  a  singfo' 
'orifice  into  the  duodenum.  That  is  the 
ramified  structure  we  observe  in  the  pan<« 
creas  of  the  M^flkku,  hat  to  a  much  greater, 
extent.  This  minute  subdiviskm  of  the 
organ  is  seen  also  in  the  sturgeon.  This 
condition  of  the  pancreas  is  aa  approach 
to  the  more  complex  conglomerate  foim 
of  the  gland  which  you  see  in  sharks  and 
rays  and  other  cartilaginous  fishes,  where 
it  becomes  .so  minutely  ramified  and  com* 
plex  as  to  give  it  the  distinct  conglomerate 
form.  That  is  the  form  it  presents  in  all 
the  higher  classes  of  vertebrata,  in  am- 
phibia, reptiles,  birds,  and  mamnnUa.  It 
differs  in  those  classes  chiefly  in,  those  lest 
imi)ortant  circumstances  of  the  number 
and  form  of  its  outwai'd  divisions,  which 
it  manifests  upon  its  exterior  smftce* 

Its  trunks  continue  subdivided  from 
their  origin,  so  as  to  form  detached  groups 
of  ramifications  in  the  ophidian  reptiles, 
constituting  distinct  lobes,  aud  each  of 
those  terminates  in  the  duodenum  by  a 
distinct  pancrca^  ducti  whi(di.shows.)ro^ 
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tlMttlmuatmamimantin        rep- (out  a  copious  seci^^gn ,|i>to  A«t 
tfWb  df  i^^'di3(i&t^^hl<m  tha^^^nd  so  |  and  the  shhk  is  t^ie  dasc  witTi  mmW^ 
commonly  presents  in  the  class  of  ft^es, 
where  each  simjde  division  Of  the  oi^n 


amphibia  and  with  many  of  sAurian  anC 
cheloniau  'f^pfrei,  liui  tliey  krt  large  and 
the  salivary  soerction  is  copious  in  the 


opem,  fh  the  form  of  a'  separate  cscum 
into  the  intestine  by  a  distinct  orifice. 
Even  in  birds,  where  the  pancreas  is  large, 
ftbm'the  imperfect  novation     tike  food;,' 
there  are  frequently  several  pancreatic' 
dacts  arising  from  distinct  lobes  that  open, 
alternately  with  the  hepatic  dncts,  or  above 
them,  into  the  cavity  of  the  duodenum.  In 
the  stntthious  bird^,  which  cnme  nearest 
to  the  mammalia,  there  is  but  one  pan- 
creatte  duet;  at  in  the  class  of  quadrupeds,', 
and  there  are  generally  three  in  the  rapa- 
cious birds.  The  division  of  the  pancreaf 
into  two  'fohes  o6ntlniiea  perceptible 
through  most  of  the  mammalia,  and  these 
arc  seen  through  the  peritoneal  coat  to  be 
composed  of  smaller  lobules,  or  groups  of  |    Therk  art  numerous  glaaUs  iu  aaimaiij 
niinute  ramified  and  convoluted  csca,  i  destined  to  form  important  aecretii^tell' 
which  are  the  extreme  terminations  of !  the  blood,  though  not  8ub8er\'ient  to  nntri' 
the  duct  developed  originally  irom  the  ^  tiou,  qr,  more  remotf;}lxf»pnected  wjith  tiie 
hitettine.  i  proceraQfamimUay^c^i^jif^ 

The  salivary  glands,  so  important  in  all  lopoietic  glands,  the  Uvre^,  tj^  panoi«afh 
masticating  animals,  commence  their  ca-  and  the  salivary  glands,  we  were^emMk 
reer  of  development  as  simple  undivided  log  yesterday.  They  still  pr%%e|j^^3||l 
minute  caeca,  or  glandular  tubes,  deve- |  membnnwnis  sacs  more  nr  law  .jUlii^Rlfc 
loped  from  the  sides  of  the  mouth  or  and  niore  or  li  ss  isolated  from  the  surfaqi;^ 
oesophagus  in  the  lowest  tribes  of  animals  j  t  on  which  tiiey  open.    In  <iach  wc  obi«rv| 


serpents.  They  are  very  rudimcntarj-  la 
the  aquatic  birds,  but  we  commonly  find' 
ibhr  pairs  of  these  gfl&tds  in  various  condi* 
tibns  of  development  in  the  hfgher  orders, 
and  they  present  corresponding  varieiieij^ 
in  ihe  class  mammalia,  ^(^or^iDGMath|aj 
a([uatic  or  terrestrial  habits,'  W 
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and  as  we  advance  to  higher  classes,  we 

Had  them  gradually  assuminc^  a  more 
ramified  and  complicated  structure,  and 
greater  dimensions,  their  forms  and  con- 
ditions still  varying  with  the  kinds  of  food, 
and  the  living  habits  of  the  animals.  They 
are  already  assigned  by  Tiedemann  to 


a  peculiar  mode  of  distrilmtion  in  tM 

bloodvessels  which  bring  the  materials  of 
the  secretion  to  the  glji^d^,^  ,  fff/^ 
nervous  filaments,  wfa^^.j^ilce  eaect^flil 
wires,  detemioe  tlia.ad^j^  hy 

the  secretion  is  produced,  and  also  in 
the  mode  and   the   extent   pf  ju^b4tKVr. 


the  holothuftefby  Chiajk  to  the  nereis,  |iion  of  the  membranous  «SBcaif*tibiiB4P 


and  by  Brandt  to  the  leech,  but  they  ari' 
often  obvious  in  insects  as  two  lengthened 
glandular  tn1)6B  opening  into  the  sides  of 
the  mouth,  as  shown  by  Dcfoch  in  the 
dipterons  insects.  They  are  almost  en- 
tirely deficient  in  the  toothless  acephalous 
moUusca,  but  are  found  of  a  simple  locm 
and  structure  in  the  bracbiopodous  con- 
chifera,  a.s  the  linyula  and  tei'ebrattda. 
They  form  large  conglomerate  and  often 
lobeil  glands,  with  long  ducts,  in  most  of 
the  gasteropotls,  and  also  in  the  cepha- 
lopods,  while  the  pteropods  and  some  of 
the  inferior  gasteropoda  have  the  salivary 
glands  in  the  form  of  simple  lengthened 
tubes,  as  they  occur  in  insects.  When  in 
their  most  conglomerate  form,  as  in  the 
gasteropods  and  the  cephalopods,  there 
aregMerally  distinct  lobes  which  send  out 
separate  ducts  to  terminate  in  the  mouth, 
and  sometimes  they  are  unsymmetrically 
developed  on  the  two  sides,  or  even  entire* 
ly  wanting.  Fishes,  which  little  require 
such  a  fluid  as  saliva  in  the  moutb,  nave 
the  place  of  the  salivary  glands  supplied 
by  enlarged  mucous  glands,  which  pour 


the  parietes  of  which  the  secretions 
transude  from  the  capillary  bioodvear 
sels.  There  are  glands  in  every  cos* 
dition  of  couiplexncas  or  4evtl^pi^^^ 
even  in  the  highest  animals,  from 
simplest  isolated  mucous  follicles  to  tin 
most  conglomerate  form  of  the  liver  vA 
the  salivary  glands ;  and  we  had  already, 
in  very  low  invertebrated  animaiSi^niMK 
glands  arrived  at  a  most  conglomscillll 
structure,  but  the  general  plan  of  devel<'l>* 
ment  is  the  same  in  every  gland,  traoedi 
through  all  its  varieties  of  form.  The  visa 
of  internal  structure  being  thus  so  uniMfia 
throughout  the  whole  SQries  of  thetawr 
creting  or  glandular  organs^  W(S  ^Mi^^ 
sidcr  their  various  forms  fiA.^asnf^.m*^ 
teraatic  order,  as  they  present  thesaaelvei 
in  ascending  through  the  di/ferent  clas^ 
successively,  from,  the  polygastric  aoMPSlf? 
cules  to  man. 

We  observe  no  distinct  glandaUroqpH)* 
in  the  pohrgastric  animalcules,  bat  tbpiR 
outer  sumce,  .as  well  ,  as  the,^piiststill 
their  internal  canal,  and  the  paricte»of 
the  various  stomachs,  pf*  ^fjt^^^ja^wK-^ 
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^jmMl^nJ>  powe^-  of  si^p^^jtljan  as 
a^'  of  ETOwrptwni  likc^  ojt^et' niembVanous 

IpTely  fory^OiD^e  kmapf, 

 paye  nptij^j^qi  (Iis^yered  cifher 

ih  iHiB^e  pbiyigastnfea  ()!•  iii  the  poriferous 
""^^gli.  In  both  wo  perceive  only  an 
itpSfk  ^l^^'l^iidral  ctttenms  and 
3t\tial  mucoiia  and  :i!)sorbent  surfaces. 
Mkikf  of  the  polygastrica,  and  of  all  tb& 
other  radiated  class^si,  bavd  been  onerved 
to  emit  a  bright  luminous  appearance  when 
irritated,  which  has  been  ascribed  to  the 
mucous  secretion  of  theii*  surface. 

iUnong  the  polypiferdus-' miinalt,  we 
have  seen  that  ahcady  the  liver  makes 
its  appearance  in  the  flustra^,  as  a  small 
appendix  or  single  follicle  extending  from 
tfiv^Hlinientftry  iiatHy;-*  observe'  hi 
tbfWe   animals  ibfe  p<rwer  of  secreting 

from  their  aflrfaee,  by  their  pouring  forth   

Ui^  (]fuiMM%IW)^hf  trift^    for  t6lA*  sieih  Hftd&i  have  been  touched.  Soxa^ 


th?  ^^ai9,,^^;iji^.^l;;f^xl*y  ,IpS^ 

Many  of 

minuter  forms,  as  oquorcai  aad  bei'c^eSfci 
observi^d  to  einjt,  ^  b^U%fli;,.ligt»tKjr^^ 
bly  the  rpijufc,,.^,  99fne/jsecrei)0]|L|iQripf^4 
with  a  view  to  Bdf-defeiacc,  "but  tho  paTf*}^ 
ticular  jjarts  by  which  that  luminosity  is 
produced,  and  the  nature  ,6v,ei3L  of  ^uti^ 
luminosity,  arc  alike  linknovou":  "l^'e^ 
considered  by  Chi  A  JE  as  produced  by  a^^ 
fluid  secreted  on  tbe  surface.  .The  g^re^t^^^ 
number  of  those  soft  gelatinous.^uiimftl^^^ 
secrete  a  substanceon  wfi  Burface'<^fm^^. 
body,  and  which  api>ears  to  be  gcheratiy'^ 
diffused  over  every  pajit  of ,  the  js^irfa^^.. 
which  is  of  a  very  poisonous  and  sliogii]^; 
quality.    This  in  all  probability  is  like*.^ 
wise  designed  as  a  means  of  seU^defence. 
It  is  remarkable  for  its  irritating  cffecta 
on  the  hidnan  skin,  often  oaudting  m*^^^ 
flamed  spots  or  a  diffiiscd  acute  in  flam  nia^' 
tio4.  over  the  more  delicate  parts .  of  the, 


moat  part  of  the  carbonate  of  lime,  with 
a  little  of  the  ]»hosphate,  mixed  with  a 
coagnlafcfaiy  muco -gelatinous  substance ; 
tffliSkillMWlAcrate'  up^  their  suiface,  or' 
\nko  their  interior,  a  soft  homogeneous 
coagtilable  substance,  which  soon  hardens 
toform  a^ikeletonafafaomy  'natoe.  We 
}!!eMf¥b,  'imtHify^^o^  disthiet  ghindular 
a^pai^tos  elaborating  those  materials 
ffOin  the  Ibod  which  tiiey  take  in.  We 
oillfiESi^tt''MlaV  ^^h  kjrikAc9  'orflidso  atdihab 
d^lrtflid^'^ergeifnmules  always  from  a  par- 
tw^iU^'  pohit' of  the  body,  and  that  they 
do  not  budFoutindiscriminatelyfrom  every 
pOM"  ^tM^4leshy  substance.-  We  may 
cbftslfl^iti  therefore,  that  the  ovarium  or 
the' gland  for  seceding  ova,  which  is  dc- 
v^kfped'M  lAgflir  euam  of  anhnals,  pre- 
seV^WlMrelf  iwe  te  a  rudimentary  state,  as 
a  •  gbmtnipnro!i3  point  of  the  fleshy  sub- 
stances Many  secrete  colouring  matter  of 
i4i«4bilf  ftti^vsometinee  along  with  the 
eai^hytttMMr,  as  coirallikmy  titbipora,  me- 
/f<<ta,'ait^'rie^metimes  without  it,  as  actinia 
iMHi^^fAi.  Some  of  those  animals,  as  the 
p^iilatUla,  htm  It  power  of  producing,  ap- 
phrehtly  iiy  means  of  secretion,  very  bril- 
UiiMUaihiaous  appearances  when  they  are 
eHIMlMrtMlnnSPVlM^ 
lOffik^e^  iu'  we  iiee  idio  delndhed  in  floe- 
cifH'  firom  the  snrftwc  and  fh>m  the  canals 
of  poHfora,  a  thin  mucous  film,  which  is 
IV«4a<mil)f  iMd''perio41adlycMloff.  '^e 
mayrc^rd  the  t^lnnflnlar  organs  of  these 
lowest  classes  as  in  their  simplest  condi- 
tion of  flat  smooth  secreting  membranes, 
tfrhlch  have  not  yet  developed  even  crypta 
or  follicles  for  the  different  kinds  of  pro- 
ducts. I^he*  Surface  of  the 'stomach  in 
iSltbWmmptiKiiim  ilAMipfotfi''«iek«tioii; 


we  have  seen,  secrete  a  firm  cartilaginous" 
internal  axis,  and  many,  as  the  physalice,,.. 
secrete  a  gaseous  fluid  into  a  distinct,  sac.^, 
to'  enable  them  to  'flo&t  at  the  suifaice 
the  water.    Some  «?ccrctG  a  brit^ht  bloodWf 
red  matter  in  their  long  tcntacula.  and ' 
the  veleltfB  arc  covered  with  a  substance  off. 
a  deep  violet-blue  Oplbui^.  The'  margiiialj. . 
cylindrical,   opaque,  granular  bodies,  ml^ 
many  medum  arc  reg,4i'ded  as  ^hoiiverv  , 
In  the  echinoddima  we  obferve  name* 
rous  distinct  matters  to  be  separated  from  • 
the  food  by  the  vital  processes  oC  the  ani-' 
mals,  but  few  secreting  organs,  appropria* 
t^  tothdr  formation ;  the  viuriotU'C^^,. ' 
ing  matters  of  the  surface,  the  numdrou».. 
forms  of  calcareous  deposits,  the  secret 
tions  of  the  alimentary  cavity,  the  cui>ioua  J 
mucous  secretions  on  the  surface  e£  the 
holothuri(B  and  other  naked  spccLeiS  sko. 
supposed  caicifiant  gland  of  the  stellerida,. 
which  is  a  smtdl  vascular  sac  containing  a.^ 
thick  gruujous  calcareous  secretion. 

In  the  cntozoa,  besides  the  liver,  the 
ovaries,  and  the  testes,  we  scai'cely  ob- 
serve  traces  of  any  distinct  glands,  eiti^'i 
connected  with  individual  nutritioa  or,, 
with  geneiation.   In  the  rotiferous.  anl- 
ntalcuTes  we  observe  two  oblong  glawduiar 
sacs,  which  appear  to  open  into  the ^ab|[(! 
part  of  the  mouth  by  bliort  narrow  ducts. 
Those  organs  arc  regarded  by  aom^  as.tbjL 
pancreas,  and  from'opehhng  mtd  *tl£  mvm^ 
cular  sac,  like  the  stomach  of  a  crusta«, 
ceous  animal,  they  ini^ht  be  the  rudiments 
of  a  liver  in  this  class  pf  auio^allL  PjUtr 
withstandihg  .thdr;  plevated  ^^Sk^SiJ 
wards  the  comrticnc'cmcnt  of  the  dii?cstiv<\ 
canal  j  because  we  bee,  on  passing  dowa« 
wards  " 


titbmmmpmim  aiAMpfoMl^MClwtioii;  wards '^  iffda,  that  the  great  secretins. 
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CTcas,  ascend  in  rcganl  to  the  pobit  of  the 
alimentary  canal  into  which  they  pour 
tiieir  secretiofif .  It  is  in  the  higheft  class 
^  animals  that  we  see  tifaote  eecrelabiiti 
poured  into  the  part  of  the  alimentary 
canal  most  distant  from  the  mouth  and 
ftom  itoimelks  lot  «t  we' descend 
from  man,  these  Bfeetetlons  approach 
nearer  and  nearer  to  the  stomach,  until  in 
the  molluscous  and  the  articulated  classes 
of  animale  they  are  actually  poured  into 
the  stomach  itself.  Thus,  passing  still 
lower  dovmwards  in  the  scale,  wc  should 
eiMCt  that  those  secretions  formed  by 
csea  iMi|gI1  obmpose  the  Hver,  should  be 
porirc^  into  a  situation  even  higher  than 
the  stomach  itself.  In  those  rotiferous  ani- 
isals  we  alio  ohterve,  heildet  the  genera- 
tive glands  terminating  hi  the  cloaca,  nu- 
merous long  and  wide  ctpcal  ajipcndices 
and  tubular  filaments  extending  from  the 
•ides  tji  the  intestine.  In  the  cirrhopods 
wc  observe,  besides  the  liver  already 
largely  developed,  and  two  conglomerate 
STOVary  glands,  and  the  genenllre 
ihe  secreting  surface  of  the  drfn  lining 
mantle  which  forms  the  calcareous  matter 
of  the  external  shells.  A  tough  outer 
AaA  epidermic  layer  is  sMreled  from  the 
surface  ofthe pcdiinclo  of  anatifae,  and  the 
whole  surface  of  the  mantle  pours  out  a 
mucous  secretion. 

In  the  annelides,  besides  ihe  liver,  in 
the   fonn  of   biliary  follicles,   ami  the 
salivary  and  generative  glands,  we  ob- 
jk^evt  many  or  them  to  secrete  a  copious, 
'mucus,  and  often  a  odoiirlng  matter, 
which  they  throw  out  upon  the  surface  of 
their  body,  83  the  yellow  secretion,  of  an 
acrid  nature^  from  the  skfn  of  the  armi- 
cola.    The  surface  of  their  naked  body  is 
lubricated  often  by  a  thick,  viscid,  mu- 
cous secretion  of  considerable  abundance, 
thrown  out  from  distinct  Oriftcet  of  their 
surface.   We  perceive  numerous  distinct 
round   muciparous  follicles  or  glands, 
Ivhlch  poor  out  a  copkms  secretion  ge- 
aenlly  near  the  orifice  of  the  organs  of 
i;eneration,  as  in  the  common  earthworm. 
%Ve  have  seen  that  many  annelides  se- 
crete calcareous  or  other  matters  to  form 
tubes  for  protection.    Many  of  those  red- 
blooded  worms  exhibit  a  very  brilliant 
Jl^niiuous  apiiearance,  extending  along 
.their  body  towards  its  COktre  when  they 
are  irritated.    This  we  perceive  in  many 
of  the  minute  marine  annelides  j  but  the 
%  true  nature  of  the  luminosity  here,  as  in 
many  other  classes  of  animals,  is  unknown; 
it  is  suddenly  excited,  and  suddenly  ex- 
^  fcingviished,  and  a])pear8  tu  be  subjected  to 
■  li»  win  of  the  animals.   I  have  examined; 
aiive  some  of  the  minute  luminous  nere- 
40e«,  ^nd  excited  them  ^n  the  dark,  and 
■I  men-water,  while  oote  the  mtoqucope,  j 


andhaWaMM  the  flasbOKof  bluiaV^^irite 
light  which  they  produce,  extend  along 
their  alimentary  canal,  as  if  covering  W 
stantaheously  theiwhola  of  the  straight 
and  wide  alimentary  canal,  from  the  heail 
to  the  noskerior  part  of  the  ho^  «iti^  a 
tMd  aiiA  INhStaiiing  light;  wfaieh  ii<h8|tf 
up  for  S'lUig^  or  shorter  time^  aadirip 
more  Or  less  intensity',  according  to  Uie 
irritation  to  which  the  worm^  has  bsea 
subjedhd.   '•  .  :      rJ  jnaflim 

Besides  the  liver,  consisting  nf  two 
tubes  and  two  salivary  vessels,  in  the  0^<i 
riupods,  and  the  testes  and  the  estailis 
placed  on  different  Individuals^  we  obMs 
in  the  chilognatha,  follicleti  opening  by 
minute  orifices  along  ,  the  sides  uear  tbe 
hsMRchesof  the  legs,  whieheeonMisiiali 
and  strongly  odorous  fluid.  In  the  chilo< 
poda  there  are  poison  glands  placed  near 
the  unciform  palpi ;  many  emit  a  sbining 
phosphorescent  light*  SM  they  baveseve^ 
ral  glandular  follicles  connected  both  with 
the  ovaries  and  the  testes.  The  aUm  hsi 
distinct  urinary  long  veseebi  ^kbi'SMlW 
the  lower  part  of  tiieir  alimentatyKHiwi; 
at  the  beginning  of  the  wide  inteltine.  Is 
insects  we  observe  many  oi  the  secretuig 
gfamdular  or^s  •tdready'aiiWihflsd/  ttre 
considerable  degree  of  development  br 
their  bulk,  but  not  by  their  form.  Tti« 
complicated  and  lengthened  tubular  form 
of  the  liver  we  have  ah«a<fy'eaillrinlill«iA 
the  more  simple  form  of  the  pancreM  txSl. 
salivary  glands  in  several  of  those  antowit. 
We  observe,  besides  tHaae  iiii|ieiiantelif> 
topoietic  viscera,  niMkenHiS  oilier  distkMt 
glands,  and  those  are  also  generally,  wlist- 
ever  he  their  secretion,  aimirfe  tuhuiir 
lengthened  orgiMia/iotoeiiriies  iMOlMAt 
which  pour  their  secretions  into  thehi- 
terior  or  upon  the  surface  of  the  body.  fSk 
testes  and  the  ovaries  are  here  remarkiMt 
for  their  subdivisions  and  outward' ceai* 
plexness  of  structure.  But  besides  thdIB 
biliary  vessels,  there  is  oftm  foimdiMi 
inferior  pdr  of  i^sssels,  opei^bg  lihtftis 
into  the  intestine,  and  which  have  been 
found  to  secrete  a  suburate  of  potass  and 
ammonia,  from  which  they  have  iwen 
considered  as  nrlntry  eigans.  or  kl^ki^ 

We  often  observe  a  distinct  scries  sf 
gastric  glands,  like  minute  follicles,  opeft* 
ing  into  the  stomachs  of  insects.'  ItMnr 
euieoptemna  faueets,  especially  the 
vorous  species,  present  glandular  ^'lessA, 
which  pour  a  very  acrid  matter  into  the 
tectnm,  and  In  the  UymeniDpterii'lhertilia 
poison  gland  developed  in  the  last  se|> 
mcnt  in  many  species,  which  transihit^ii 
secretion  through  a  pei-forated  dadf'^f 
great  density  and  sharpfnesa,  the  stittg 
of  these  insects.  We  observe  in  the 
course  of  the  oviduct,  that  thy:^  jsj^ 
generallx  a  gymiluUr  oi^s^  or  w'IdMPf 
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form,  which  appears  to  socrete  a  fluid  to 
envelop  the  ovse,  as  they  pass  through 
the  united  oviduct*).  Many  of  these  aui- 
nml«  already  distinctly  present  a  rudiment- 
ary state  of  the  kidneys,  consisting  of  a 
leng:thened,convolatC(lf  undivided,  glandu- 
lar tu!»e,  shut  at  its  distal  extremity,  and 
opening  into  the  cloacal  part  of  the  intes- 
tine. We  find  even  in  some  of  the  species, 
towards  the  lower  termination  of  this 
urinarj'  tuhe,  that  there  is  a  dilatation— a 
(secal  recess,  forming  a  distinct  urinary 
bladder.  We  observe  the  larva;  of  many 
of  tho«e  animals,  forming  a  secretion 
which  (after  being  thrown  out  at  first 
in  a  liquid  state,  from  two  glands  in  the 
silk-worm  which  open  below  the  mouth, 
and  in  form  of  slender  filaments)  becomes 
condensed  and  hardened  by  exposure  to 
the  air,  and  gives  rise  to  those  filamentous 
substances  in  various  forms,  so  important 
in  the  living  economy  of  many  species  of 
articidated  animals,  to  assist  in  their  pro- 
{^ressive  motion,  to  suspend  their  ova,  to 
entangle  their  prey,  or  to  envelop  and  pro- 
tect their  own  body  while  in  the  chrysalis 
stite.  Many  of  those  animals  when  ex- 
cited, or  when  on  the  wing,  spontaneously 
produce  brilliant  flashes  of  light.  Many 
of  them  which  fly  about  in  the  evening, 
in  the  twilight,  are  gifted,  especially  in  the 
tropical  climates,  with  the  means  of  pro- 
ducing this  brilliant  phosphoric  light. 
Many  insects  emit  from  cutaneous  follicles 
•ecretions  possessing  every  variety  of 
odour,  as  a  means  of  protection  when  ii*- 
j-itated,  and  often  the  odorous  glands  con* 
tained  within  the  body  near  the  anus,  can 
be  protruded  from  the  body  and  retracted 
at  pleasure.  Some  have  the  odorous  fol- 
licles near  the  hea<l,  on  the  back,  or  along 
the  joints  of  the  trunk  and  legs.  There 
are  glandular  follicles  on  the  lower  part  of 
the  abdomen  of  the  bees,  for  the  secretion 
of  the  wax  in  which  tbcy  envelop  their 
ova,  and  their  honey  is  elaborated  in  the 
digestive  organs,  from  the  juices  they  have 
collected  from  the  flowers  of  plants. 

Distinct  salivary,  hepatic,  and  urinary 
vessels  have  been  shown  in  the  arachnida, 
anil  we  observe,  besides  the  chylopoietic 
glands  and  those  connected  with  gciiera- 
fcion,  that  there  are  very  often  developed 
laj'gc  distinct  poison  glands,  accompanied 
by  instruments  to  inflict  wounds.  Those 
|>oisou-gIun<ls  are  sometimes  situated  at 
the  anterior  and  sometimes  at  the  posterior 
extremity  of  the  body.  The  last  segment 
of  the  body  of  the  scorpion,  as  of  many 
insects,  is  formed  into  a  sharp  curved 
.•ting,  solid  at  the  point,  grooved  at  the 
sides,  and  leading  by  two  minute  lateral 
canals,  continued  from  these  grooves,  to 
,  ,(Nk-o  poison  glands  situate  above  the  broad 
base  of  the  stinij.    It  is  not  retractile  like 


the  sting  of  insects.  In  the  tarantulee 
and  the  spiders,  as  in  the  scolopendrie, 
the  poison  glands  are  situate  at  the  sides 
of  the  mouth,  and  pour  their  secretions 
through  the  peiforated,  sharp,  curved 
maxillu;.  There  arc  ifour  subdivided 
glandular  follicles  in  the  lower  and  back 
part  of  the  abdonjcn  of  the  spiders,  which 
open  by  four  papillx  in  front  of  the  anus, 
and  which  secrete  the  glutinous  threads 
that  compose  the  webs.  These  glands  can 
bo  suddenly  compressed,  so  as  to  thro  at 
out  the  threads  to  some  distance  when 
required. 

In  the  crustaccous  animals  we  have 
seen  the  great  magnitude,  the  lobed  form, 
and  the  almost  conglomerate  structure,  of 
the  liver.  The  salivaiy  glands,  from  their 
liquid  clement  and  moist  food,  appear  to 
bu  seldom  developed  here  even  in  the 
highest  of  the  decapods,  and  the  pancreas 
is  ascribed  to  some  of  the  entomostracous 
Crustacea.  The  genital  glandular  organs, 
the  ovaria,  and  the  testicles,  arc  double 
and  symmetrical,  as  in  most  of  the  ento- 
moid  articulated  animals.  Most  of  the 
glands  we  have  seen  so  numerously  de- 
veloped in  insects  are  incompatible  with 
the  aquatic  life  of  the  Crustacea,  which  have 
fewer  secreting  organs  than  any  other  eu- 
tomoid  class.  The  glands  of  the  air-breath- 
ing entomoid  classes  are  considered  by 
Straus  and  others  to  be  more  simple 
and  isolated  in  their  form,  on  accour^t 
of  the  limited  development  of  their  cir- 
culating  system,  as  in  royriapods,  insects, 
and  arachnida,  and  they  possess  a  more 
conglomerate  form  in  the  annelides  and 
the  Crustacea,  where  the  sanguiferous 
system  is  more  extensively  distributed, 
because  the  blood  in  them  can  be  more 
easily  sent  to  all  their  minute  subdivi- 
sions. The  analogies  of  the  chylopoietic 
and  intestinal  glands  are  determined, 
under  their  simple  forms  in  these  classes, 
chiefly  by  the  parts  of  the  alimentary 
canal  into  which  they  open,  the  salivary 
glands  opening  into  the  mouth  or  lesoplia- 
gus,  the  hepatic,  gastric,  and  pancreatic, 
opening  into  or  near  the  stomach,  and  the 
urinary  vessels  near  to  the  cloacal  part  of 
the  intestine. 

In  the  molluscous  classes  we  have  seen 
the  great  development  and  the  lengthened 
subdivided  and  convoluted  forin  of  the 
alimentary  canal,  and  the  magnitude  of 
the  principal  chylopoietic  glands,  but 
their  liquid  element  and  their  slow  move- 
ments little  require  the  development  of 
those  numerous  glands  connected  with 
the  organs  of  relation  which  we  find  in 
the  active  articulated  inhabitants  of  tha 
land  or  of  the  air.  We  find  no  glandular 
organs  developed  in  the  tunicated  animals 
besides  the  most  common  chylopoietic  and 
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tfeiiWAfl^  gfands,  the  Ift^r' aftd  ovaria, 
4Mk  aMmy     tbeve  attimdi  aecrete  upon 
Wig  lil«ito%'|lulllto<itrt»giitoc»;  which 
«em^  t6'ifttitdft  pMfl^k^  of  ^i^t>r  iticm 
t6  the  fMtrietes  ifi^  t'heir  tunic,  by  which 
they  are  protected  «nd  ooTkcealet!,  and 
^11%  jlAiOTvv  H  MMfllMiuv  iMratfOR  immIvmmB 
1>y  the  pi/motna,  talpa,  and  other  genera, 
as  by  many  inferior  classes.    Even  in  the 
^iMiWdkilbnt  the  salivary  glands  scarcely 
make  Hieir  appearance,  exccpHng  in  tfic 
Ifrtffttla,  among  the  brachiopodoiis  genera. 
We  observe  the  thick  Glandular  appear- 
Mttkkl^tii      flCtfWted  Cmvu  appendices,  the 
copiotis  tecfetion  of  calcareous  matter 
from  the  outer  surface  of  the  mfintlc,  and 
the  mucous  secretion  of  its  interior,  in 
SMM  of  the  bivaMa,  and,  In  the  morfrd^> 
4tefee  shelled  genera,  a  glandtilnr  «tnc  at  the 
hait  of  the  foot,  for  the  prorluction  of  the 
Slamratl  of  the  byssns.   Their  pearly  se- 
erellMU  ire  sphetical  concentric  layers  of 
nacreous  matter,  secreted  around  foreign 
particles  by  the  out^r  surface  of  {be  man- 
In  fm  liiMaikd  in  the  testac^is 
gasterojMidM  tfacve  are  numerous  mucons 
follicles  disposed  on  the  surface  of  the 
lK>dy  to  lubricate  and  protect  the  skin ; 
sad  hi  the  pectfnibmnchfate  tribet,  we 
commonly  see  distinct  muciparous  glanrls 
to  moisten  the  interior  of  the  respiratory 
M&   Many  of  these  animals  present  also 
at  the  bottom  of  this  sac,  or  near  its  mar- 
gin, soft  follicular  glands  destined  to  afford 
secretions  of  various  and  often  lively 
letAmirt,  ai  the  Una  of  the  Jmiikiim,  the 
yellow  of  the  bolls,  the  purple  of  the  mv- 
rice».   The  janihina  denves  the  materials 
of  this  deep  blue  secretion  by  feeding  on 
the  fMiella^  which  float  like  it  upon  the 
Burfiace  of  the  sea.  Chiajk  has  shown  the 
purple  secretion  of  the  mwrtx  tritonis  to 
ne  prodttced  by  the  parieteiof  a  glandular 
sac  situate  at  the  hottam  of  the  respira- 
tory cavity,  and  communicating  with  that 
cavity  by  a  small  foramen.   The  float  of 
the  janthina  le  a  secretion  of  a  gluttnons 
matter  cnclo?inc^  globules  of  air,  and 
formed  also  by  the  mantle.    In  the  ptt  ro- 
pods  as  in  the  gasteropods  the  secreting 
organs  are  itill  almoet  confined  to  the 
most  common  glands  connected  with  nu- 
trition and  generation.  Jacobson  and 
TamrinAmrt  have  foand  nric  add  In  the 
supposed  caldfiant  gland  of  some  gastero- 
pods and  conchifera.    Glands  apparently 
analogous  to  urinary  organs  are  seen  in 
many  of  the  gasteropods^  at  the  itrnMb, 
pleurobranrhus,  aplytitt,  iforfcr,  tttd  Several 
other  gasteropods. 

.  Intnedoris  this  gland  opens  close  to 
Itieanus,  by  a  distinct  orifice  on  the  i>ur- 
facc  of  the  body.  The  secretion  formed 
by  the  ink  gland  of  tlic  naked  ccphalo- 

iFddi^  and  10  ImportRttt  M  «  means  of  proi- 


tectfon  to  ieheee'  del^ni^eleiis  antaltik;  htt 
been  ton8idel^''a««Mlbji!onS'«o  tto-vti- 
nary"  exMMrvf  >fllMP)iiMi«Biiqmi 
gland  hif  ^'leelltttar  m^iX  timctsM, 

thick  vascnlar  ^laHete^,  and  a  \Tide  M, 
which  opens  into  tlra  anal  portion  of  <ib 
lmeiUlfm#«>W>1ii'HlWMititty  in  fUffBSttiH 
where  the  shell  affords  sufficient  protW' 
tton  to  tbe  animal.  The  surface  of  the 
skin  is  covered,  in  the  naked  cephalopoti, 
with  coloured  'tfpsli,'  resembling  tainntt 
vesicles  of  the  matter  "ttf -the  ink  glSud, 
slightly  diluted.  TheSB^s|N>ta,  mtuate^ 
nealh  tlke'-eiMttiiils^  afVHxfhrtttMlj^^ii^ 
Urging  ordimihMiingtheir  diameter,  nnd 
thus  produce  the  undnlating  changes  of 
colour  we  observe  taking  place  on  the 
sMn  Of  these  aalMals.  Tbegteat  teasM 
trunks,  leading  to  the  divided  auricle,  are 
covered,  in  tiiese  animals,  with  cellukr 
follieles,  which  soine  have  compantl^l 
urinary  organs,  others  to  a  portsl'dMilfr 
tion.  The  ink  of  these  animals  in  anfelo* 
gons  to  many  cokmred  secretions  of  gss* 

teropodt.  AH  the-gNMitdir^^S^it''^ 
nected  with  digesHott  Mid  with  generation 

are  here  presenteil  in  the  most  complex 
and  conglomerate  forms  met  with  the 
invertelilated  clasies.  <:  *• 

In  the  class  of  fishes  the  spleen  ftrtt 
makes  its  appearance — a  gland  apporea^ 
connected  widi  the  lymptetic  mUm 
The  spleen  catists  her«,  for  t1ie^mm<||M^ 
as  a  single  small  vasctUar  organ,  appewkft 
to  the  left  side  of  the  stoumcb;  'bvt  ia 
many  flshes  iteslste  fai  aeoMMImolilil 
as  we  see  in  the  sturgeon.  That  suM* 
vided  form  of  the  spleen  we  perceive  aSw 
among  the  cetacea,  as  in  the  porpoise. 
The  exterior  enrface  of  IMhes  is^Inbricaesil 
by  a  copious  viscid  mucous  secretion, 
poured  out  on  different  parts  of  the  bodv, 
from  long^  laniiffed,  muciparous,  subcM' 
neons  glands.  These  arc  especially  dtf* 
vion.*?  and  numerous  on  the  head  and 
of  cartilaginous  fishes.  In  m^y  of  the 
osseons  flshes  they  are  eeeneMendiagM 
a  continuous  tube  along  each  side  oftfce 
body,  to  the  end  of  the  nose,  and  sen^ng 
down  branches  along  the  operculum  vtA 
the  lower  jaw.  These  nmolpiilOBa  vctsefc 
open  from  distance  to  distance  aloni^  their 
course;  and  they  are  often  seen  foUowinf 
Che  coarse  <tf  ihe'hilersl  Ibie  )ni  Mtb'MH 
of  the  hddy.  The  gaseene  Contents  of  ^h^ 
air-hac^  are  generally  secreted  by  highly 
vascular  glandular  parts  of  their  pariete*, 
whlt^h  are  obvious;  gependiy,  ImA  ithdr 

vascularity  and  their  glandular  thickfnrfl 
appearance  on  opening  the  cavity  of  the 
air-sac.  This  rudiment  of  the  pulmonary 
organ  of  bHu-her  nninitils  we  "tittim  ue», 
however,  to  open,  and  to  commnntrtte 
ntore  and  more  freely  with  the  externa) sl- 

mospherei  in  more'  Mtiii«<l9'  ceudlMi 
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^ompHoated  «leotrical  organs  by  ■\\hich  ;  some  of  the  serpent*.  The  poison  gland 


tliey  are  able  to  communicate  violent 
•kODk«  toanioDials  which  touch  or  approach 
tliem»  Utthe  upmnutMM^  4hey  occu  py  the 
infeiior  part  of  the  whole  caudal  region  of 
Aim  body,  and  are  . divided  by  Qumerous 
fliinly  approxknted*  tnmavcive  momJ 
branous  folds,  like^  the  plates  of  a  galvanic 
pilOi  with  a  Timcous  seccetion  interposed 
.Mlil^Qa  the  layers,  and  largely  supplied 
^WMlnunrvesv  at.we  find  all  the  electrical 
•orgtuns  of  fishes.  The  two  electiical  or- 
!giH)8  on  each  side  are  separated  irora  each 
iOther  bolh  by  firm  tendlaoua  aMnbranet, 
And  by  muscles,  and  exte«dl^Mriiig  to  the 
end  of  the  tail.  The  transverse  compart- 
ni^ta  aJTQ  fiurtber  divided  by  crosaiag 
■Witilwiini^  vfaieh  ooBveK  thmm  into 
oclU,  the  parietes  of  which  are  largely 
aopplied  with  bloodvessels.  In  the  ior- 
'P*49  th^e  organs  are  placed  on  each  side 
Ji£tjbn  head,  and  are  supplied  with  large 
Bervea  from  the  fifth  and  from  the  eighth 
paira.  Theae  orgaoa  are  poMesied  by 
mwf  fishes,  both  of  fttaah  water  and  of 
.ithe  sea.   From  Dr.  Davy's  observations 


of  the  serjicnts  oc^pies  the  situation^ 
the  parotid  glandt  jbeWw.and  behind  the 
eye  ou  cachi-«l4e»  aiiA*4;9n^ists  of  nunn^ 
rous  lobules,  each  composed  of  many 
minute  convoluted  fqlUcLes,  9^  of  whid^ 
lead  to«  oenmoB^dnct  on  each  aide  oIUhb 
upper  jaw.  Each  of  these  ducts  passes 
forward  to  the  base  of  the  perforated 
poi&on-iang,  where  it  forms  a  ^'>de 
voir  for  the  secretioiw.  and  ia-aiiia«und«id 
with  muscular  fibres,  to  compress  the  duct 
wh<»a  required,  and  forc^  the  Doiaon  iuto 
the  tooth.  TbB  cotaneona  fiyQu^kft'ot 
gecko  of  Indinaeerete  a  flui4  whi<^  if  leM 
to  have  the  same  acrid  and  poisonous  pro- 
perties as  that  of  the  toad.  Some  reptilea, 
a»  lattle-anakea  and  alligators,  poaMta 
anal  glands,  like  many  carnivorous  qua- 
drupeds, which  secrete  a  strongly  odorous 
substance,  having  the  odour  of  musk,  and 
the  same  struoture  appeara  to  bdofif  to 
some  chelonian  reptiles  and  to  many  seN 
pentSy  both  poisonous  and  innoxious.  Be* 
aidea  theae  aoal  nrask-glands,  most  of  Uiift 
crocodilian  reptiles  are  known  to  possess 


on  the  torpedo,  it  appears  that  the  fre- |  two  glandular  follicles  under  the  lower  jaw, 
a^nii  eKfUtement  of  this  organ  rapidly  which  secrete  and  pour  out  upon  the  sur* 
^liatMta  the  iwtlwmfio  id  the  goa^ionic  { face  of  the  skin  a  thick  fluid  with  a  similar 
herves  of  digestion  and  secretion,  and  ar- 1  odour.  InsomclizardSftheseodorousglands 
rests  those  processes.  The  spleen  appears  open  on  each  side  of  the  anus  externally, 
fto  be  deficient  in  the  lowest  of  the  cartila-  j  and  in  most  of  this  order  of  reptiles,  we 
ginous  fiahea  \  k  has  not  been  deteoted  in  1  obser\-e  numerous  inguinal  pores  for  the 
the  lampreys,  and  appears  to  be  want- '  discharge  of  a  similar  strongly-odorous 
tag  /also  in  the  myxene  and  the  gastro-  :  secretion  at  the  breeding  season.  The 
Iwaiudrak  'thymus  gland,  which  first  makes  Itaap* 

The  muciparous  glands,  so  largely  de-  ,  pcarancein  reptiles,  is  there  a  permanent 
V^ped  and  extensively  ramified  on  the  ,  orf?an,  as  it  is  also  ia  sojne  of  the  lower 

mammalia,  the  cetacca,  and  the  rodentia. 
it  is,  hoirorer,  a  transitory  organ  in  birds', 
as  in  most  mammalia,  where  it  makes  its 
appearance  late  in  the  progress  of  deve- 
lopment, as  it  appeara  laie  fn  ascend- 
iiig  through  the  animal  kingdom.  The 
spleen  is  sometimes  divided  in  bird'',  as 
moat  as  deficient  in  salivarv  glands  as  i  wo  find  it  also  in  some  hshes  and  cetacca. 
ft^fm  ettaoeem  •nimaia;  hot  the  In  moat  btath  we  observe  a  short  g^ndu- 
•f|||eta» constantly  presents  itself  as  a  single  lar  ca>cum  opening  into  the  middle  of  the 


of  the  cartilaginous  and  osseous 
flihai  Immediately  beneath  the  skin,  we 

find  in  a  more  divided  form,  ])Ouring  out 
their  secretion  on  all  parts  of  the  surface, 
in  the  naked  amphibia.  Their  orifices  are 
large  and  conspicuous  ou  the  back  of  the 
land  salamander.   These  animals  are  al- 


leilgthened  or!:^an  on  the  left  side  and 
hot  nth  the  stomach.  The  thymus  gland 
Wppmn^nolt  to  be  devclopo<l  in  either  of 
these  two  aquatic  classes  of  vcrtebrata, 
the  Ashea  and  the  amphibia;  and  it  is  rc- 
•jliMtable  tat  Us  deindnona  cliaractar  in 
the  higher  classes,  where  it  ap[>ears  as  a 


posterior  surface  of  the  cloaca  between 
and  behind  the  openings  of  the  two  urc« 
tera.  This  gland  opening  into  the  cloaca 
is  considered  as  the  analogue  of  Cow- 
PKa'a  glands  in  mammalia.  It  was  coiv 
ridered  hy  FABntciua  to  be  a  receptacle 
for  the  male  fluid,  and  is  denominated  the 


normal  i>art  of  the  foetus.  The  cutaneous  !  bursa  of  Fauricius.  It  is  sonietiincs 
seeretion  i)rom  the  glandular  follicles  of  I  divided  so  as  to  form  the  rudiments  of  two 
thehaok  of  toad  ia  of  an  acrid  and  {separate  glands,  as  we  find  C'owi>f.r'^ 
poisonous  quality,  and  of  an  oily  c  onsist- 1  glands  in  quadrupeds,  ^fost  of  the  fcc- 
ence,  and  very  bitter  taste ;  the  glands  are  !  thcrcd  tribe,  and  especially  the  aquatic 
eb^Ay  disposed  on  the  tiack  part  of  the .  birds,  exhibit  on  the  bock  pai-t  of  thmr 
.and  their  secretion  id  a  means  of !  body,  over  the  region  of  the  coccyg^ 
Tlw^yyiiMi  i*  KiU  maU  Midivwifhraj^  two  imaU.  gl«ndS!»  yntfy  their 
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dttctg  opening  by  tutHiiar  capilljp,  ^hich 
werete  «a  oilyM^A,  bimI  tItU  oily  flukl  is 
cmpln^'od  hy  the  aquatic  birds  to  dress  thv. 
Builace  of  the  feathers,  and  render  the 
filnnnige  impernlMMe  td  the  water  in 

.  which  they  reside.  All  the  oidiimiy  se* 
crettont  of  birds,  from  their  hi^  tempe> 

,  roture  and  their  great  mtis^lar  ackivity^ 
an  formed,  expended*  and  fepMdaoed  widi 
great  i-apidity, — the  mucous  secretions  of 
their  buccal,  nasal,  and  intestinal  cavities, 
the  aemis  tnnvaiMkm  into  ilimt  etni'' 
t\v9,  na  the  abdoin«ll  and  the  ijericardiiim, 
and  especially  tli«oilv  synovial  secretions 

.  intothttflafMOlMoft'httrev^-moving  joints. 
The  fluids  of  the  oyc,  the  tnt,  the  lachry- 
mal, the  llardcrian,  and  the  nasal  glands, 

.the  oesophageal  and  gastric  glands,  and 
the  secretions  of  the  ovidiustt,  are  all  ra- 
pidly produced  in  this  met  hnt-bloock'i 

.and  most  active  of  all  the  vertebrated 
claMCs.  This  appears  to  depend,  not  od 
the  highly-devcloiiedorcornjjlicated  struc- 

.tufe  CKf  the  glands  themselves,  which  are 
mtaipm^vely  simple,  but  on  the  rapid 

.transmission  of  highly  arterialissed  «Dd 
hea(ed  blood  through  tht  ir  texture,  and 
the  high  development  of  the  nervous  sys- 
tem on  -which  tbe  eMseltonc  so  imne* 

.diately  depend. 

.  '  In  the  aquatio  mammalia,  espedally  in 
•  the  eetMeoas  Mdinal%  iM»»t  of  the  secret- 
ing Ofgans  still  pregci  ve  a  very  simple  in- 
tornal  structure,  evau  in  those  first-de- 
Toloped,  most  important,  and  largest 
glands  appropriated  to  the  assimilation 
.of  tlie  food  ;  hut  it  ig  in  the  higher  terres- 
trial orders  m  this  class  that  we  find  all 
the  more  important  glands  evrind  at 
.their  most  complicated  and  most  con- 
glomerate fotmsy  and  numerous  glands  of 
a  simpler  structure  approprfatedto  SfMoial 
purposes,  connected  with  their  various 
living  ivabits.   In  the  dolphins  and  nar- 
.vhals  the  salivary  glands  appear  to  be 
altogether  wanting,  and  the  spleen  in 
mo-^t  of  these  animals  is  divided  into  se- 
\  eiiil  tlctached,  small,  round  portions,  con- 
nected only  by  sanguiferous  and  lymphatic 
vessels.   The  spleen  is  single  and  large 
ill  the  nuninantia*  of  a  lengtiiened  equal 
form*  and  attached  along  tite  side  of  the 
paunch.   Between  the  hoofs  of  most  of 
.the  ruminating  quadrupeds  there  is  a 
tubular  and  slightly  ramified  glandular 
.  cavity,  which,  pours  out  an  oily  secretion 
of  a  strong:  odour,  to  lul)ricate  and  protect 
.the  bard  lioofe,  and  by  which  the  car- 
.niveixws  qua  il  upeds  ean  trace  the  Ibot- 
steps  of  their  prey,  and  some  of  these 
,&niipals  have  also  odorous  inguinal  glands 
:/p(peQl|ig  near  the  manniflft.  The  musk  so 
extensively  used  as  an  aromatic  is  ob- 
tained from  ,tv»ro  glandular  seii  ctini^  sacs 
vOpenijiftja^  the  Jff^p^q^  oi  the  musk- 


deer.  Tbe  spur  of  tiw  onuthoi^yhcM«ii 
sInmvIi  ifytiMtoKSfa  artd'^IMfcrettSH^lt 

tranprnir  through  its  tubular  canal  the 
poisonous  secretion  of  A  large  ghuMl  placod 
in  each  thigh.  In  rodent  qiailnipcdt 
there  are  nnmerous  ^^sndtihii  fdMn, 
?itnrttp  npar  the  aniis  or  nwrr  the  j>net)ui% 
which  secrete  Strongly  odorous,  s^baesodi; 
Or  oHjp  iliiide.  Tim*  ytkatad^'gliwlMii 
sacs  are  found  on  each  side  nf  tbr  ^enitnls 
of  the  mate  and  female  beaver,  which 
pdtir«iitn««r  thh  organ  of  exHlaMMttli 
well-known  fatty  and  resinous  seertfttsti, 
thecftstoreum  of  medicine.  Wehavese^n 
the  iohed  gastric  gland  of  this  Rntmri, 
embracing  the  cardiac  oriA«e  of  t1gi<Ml^ 
mnch  ;  nnd  n1«o  in  the  wnmbrtt  the  wmc 
structure  is  presented)  which  assists  in  the 
digesfthm  of  their  doMe  ibod;  iniiiMh 
an  analot:y  with  the  ventrlcnlns  SnccM* 
I  turiatus  of  birds.  In  many  of  the  rod^ntla 
j  the  shut  extremity  of  the  long  ca^ciira-ccli 
is  coversd  with  small  glandular  crypth;, 
!  which  open  into  its  cavity,  and  similar 
rudimentary  glands  occur  in  various  tUuts 
df  their  aHmentatr  tmnh  Anel  -^mtt 

secretinc:  ndoroi!?  sulistmirfs  nre  a1?o  n;*;; 
with  in  several  of  the  marsupialia  and 
pachyderma,  but  th^  are  most  developed 
in  the  carnivorous  quadrupeds,  their 
secretion  is  remarkable  for  the  ftiten^ 
of  its  odour  in  the  civets,  badg^,  hy»flii, 
and  some  other  genera.  In  thu  elefftafht 
similar  glands  nre.  observed  in  the  rpi^lrw 
of  the  temples,  opening  on  each  side  hf  t 
stegle  snwftl  tommI  oHftee,  hBtvfWii  Us 
eye  and  tbe  cnr.  R\it  nofwitbstandltg  the 
infinite  diversity  of  form,  structore,  ssd 
phsMbn,  which  we  obeerve  in  these  se- 
creting tubular  membranes  forming  giandi 
throncjhoiit  the  animal  kingdom,  and  tfw 
various  modes  in  which  we  pMFoeife  Che 
bloodvessels  and  tbe  nervflWi -flanitMi 
distributed  an  their  surface,  wp  rnnnr* 
at  present  discover  how  far  these  m 
eomiectsd  with  th«  fieoalittr  propetlWi 
!  of  the  sccfctinns  they  ]>roduce.  Each  of 
j  these  complicated  conglomerate  forms  ot 
I  glands  may  almost  be  viewed  as  a  new 
I  vascular  system,  tike  the  chyliferoui  iMid 
the  lymphatic,  conven  ing  flxiids  alwayt  in 
one  diiection,  but  that  direction  is  fram, 
and  neve^  to,  the  mats  Of  the  t)loMi,'hshi| 

tbn"  cnntrnrv  to  these  two  SV^itprnK,  ^fost 
of  the  products  of  tliese  organs  may,  tbert- 
'fore,  he  considered  as  eiKfiedbiiil  rNMPdte 
blood,  but  destined  to  aerve  some  useftil 
purpose  before  thef  are^disohttftd  inm 
the  system.  i  ■  .  » 

On  tk$  i/MkHk-WfUmt 

In  the  lowest  tribesflf  isnmals  all  die 

assimilative  functions  are  performed  by 
tb&aams  Bia^>l&,diKfstive  it^  |)ut.ai 
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anccml  in  the  scalo  the  funoUoa*  bcoomc 
luoie  coin plicated  in  their  remit,  and  a|ie- 

tiou  of  the  complex  process  of  nutrition. 

:ilMi  vascular  aystemt  ia  firs^/tlevd- 
IttfnAlA  thltvadiMed  clawsiw  tho  artwjM 
lurfl<t«Mncetr  dietinguishftblo  froai  tb«  v^ins 
in  structure  or  iu  function,  and  to  this 
9UDple  pl£xu8  of  ipamified  tube«»  in  which 
tteMowl-fliOoftMitalMaveiroKrtMiecourae, 
are  oonftded  the  functions  of  chylification, 
saiagttifioatioii,  cicculatian*  and  even  ab- 
QQrpUoiu  And,  iodeed,  tbrougbcMit  the  in- 
v«jte^raiiB4«i&Mea  theatooirpiioBof  the  nu- 
ti'itioua  matter  from  the  intestine,  and  the 
atMpi^on  of  tln&  decay^oaberi^  aU 
piffdf  9l(tfht'  My,  appMT  ttiU  to  be  loiie^ 
^ifiPif,  VOPAded  to  the  ordinary  sanguifc- 
ronfn  vessels.  In  the  lughest  division  of 
t^eifiuitual  IfUngdom,  however,  vi^  have 
jlkWMiy  9eei|  distinct  system  of  veasels 
and  glands  aj>propriatcd  to  the  absorption 
of  the  nu^feritioui.pait  of  the  food,  and  to 
it4i^^vi»i7iio|i  teto  ^yle,  or  ahnoat  iato 
lllOpfl^HlMI  «)lirU^ROiia  jiyatem.  Keeping 
p^pe  with  ^he  chylific  syst^^in  in  the  march 
ofi  iUk  deve(op9^ei9^  we  hud  a  distinct  va,s- 

in  the  vortebrated  classes,  destined  to  take 
up  £i-om  every  point  of  the  body  the  de- 
^fid:  ina^rH^}  to  convey  them  to 
ai^dt^vin^g  flpid*  to  b»  njiacbarged  by 
the  excretions  from  the  system.  By  this 
y|^ef  pti  t^Q  ^ari^  a,re  euahkd  to  grow,  and 
to  j»(^>0M0  ||i«Utheiff  proportions,  and  tlie 
vatic ulftt*/.  apparatus  appropiiatcd  to  this 
function  of  general  absorption  is  termed  the 
ly^ipU^tic  system*  from  t)>e  Umpi4  fluid 

the  same  relation  to  the  venous  system  as 
tJuB  ji^cteaiv^ad  cmter  it  at  the  satpe  place, 
tdkiroitgb  /M»o  iB«di«i»  of  t<ieiliQir«cic4iucts, 
kWNlrti  IW<  *wami>n  to  Ixjth  systems.  They 
are  more  extensively  distributed  tlian  the 
Isicteal  Tessf3)s  i,  U)oy  appear  with  them 
4l^iia  |li»i)tai(i^flilMt,aiiidtli*tr  gUuidt 
i^ifffflT  to  be  earlier  developed  than  t^ 
ilpesentcric.    The  limpid  contents  of  these 
Jif^aif^  are  sometimes  slightly  yellowish, 
mMifki  w  whitish  in  their  colour,  and 
are  coagtdable,  and  abundant  in  globules, 
chyle,  blood*  or  milk.   The  vessels 
npflwr^ying  thiti  fM  oeeat  abuadantly  in 
^tikAlte  vertebrated  classes,  and  are  distri- 
.bfirted  over  every  organ,  following  the 
«4ni4flie,(;hiel}y  of  the  lanse  a^d  dccp-tieated 
rNCMiiffiwiMMl  JWftDS,  miA  OMorriag  over  all 
Uw  subcutaneous  iiartu,  so  that  they  ap- 
pear to  confer  the  property  of  x»pid  ab- 
sorption on  all  tlia  miiooiu  and  •erous 
membranes,  afi4  Qlt  Jdl  tb(l  0[t)»er  tissues 
of  the  body,  by  their  quickly  conveying 
't^  4rausnikd  natten  to  tb«  cifculs^ing 
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sively  distributed  over  the  body  in  tilt 
class  of  fishes,  as  has  been  long  known, 
•tlU  iNftenta  a.'v«ry  simple  condilifii|  iat 
its  essential  parts.  Not  only  are  tba 
glands  still  undeveloped  on  theaa  venel^ 
bilk  the<  -valvai'taarcely  yefe  make  their 
appearance,  excepting  at  ftke  openings  of 
the  lymphatics  into  the  veins,  and  the  pa- 
rietes  of  Um  vessels  appear  ^s  a  simple, 
thin,  and  wift  tuBMk  They  iHpsve  been  aecm 
in  almost  every  form  of  osseous  and  carti- 
laginous fishes,  excepting  iu  the  lowest  oy* 
clostome  species,  as  the  myxine  and-tbe 
lampre}'S.  Tbi^  functions,  like  those  of 
the  lacteals,  appear  to  be  performed  in  the 
invertebrattid  classes  by  the  veins,  or  they 
have  not  been  detected  iti  thanH  fittni  tfie 
lim])id  colour  of  the  sanguiferous  fluid  it^ 
sclt  in  these  inferior  classes.  Instead  at 
the  conglobate  glands,  which  are  seen  oa 
the  lymphatics  in  higher  daasee,  we  ob- 
serve iu  the  fishes  only  groups  of  convo- 
luted, or  tortuous  and  anastomosing  ves- 
sels, which  thus  present  ui  inth  a  Kod  nd 
analysis  of  these  higher  forms  of  lymphatic 
glands.  The  few  glands  seen  on  the  lym- 
phatics in  the  neck  of  the  roach  are  re- 
folded by  MacKai.  at  thamdhnenfttf  the 
thymus,  which  he  considers,  as  well  as  th0 
spleen,  us  merely  a  lymphatic  gland. 

MoNao  considered  the  anbcutaneous, 
muciparous  vesselaef  fiAoeaalymphattt* 
w  hich  opened  l)y  large  orifices  on  the  sur- 
face of  tho  body,  but  he  observed  that  the 
'Offdhiary  lymphatic  glands  were  stSl  want- 
ing in  this  class.  Now  you  will  observe, 
from  these  numerous  plates  of  Fohmakv, 
representing  his  injected  preparatioas  o^ 
^e  lyropbatioaof  vttioni  Mdiet,  how  very 
extensively  these  vessels  are  spread,  both 
over  the  aoperficial  and  the  deep-seated 
parts  of  their  body.  From  the  thinness  and 
softneee  of  their  eoata,  these  lymphatics, 
appear  goierally  very  wide  and  sacculated, 
and  they  present  numerous  constrictiona 
of  ttidr  paitetet,  as  if  from  the  develop 
meot  of  rudimentary  valves.  They  aN 
ready  cover,  by  their  iminerous  plexuses, 
the  whole  surface  of  tho  lai-ger  veins,  es-. 
pecially  when  Aey  are  distended  with  in- 
jected matter ;  as  we  see  also  beautifully 
represented  in  these  large  plates  of  Pa- 
MzzA,  repEONBthig  the  fnjeoted  lympha- 
tics anil  lacteals  of  various  reptiles.  The  di- 
rect communications  of  many  of  these  lym- 
phatics with  the  branches  of  veins  pointed 
ooi  by  FoHMAmr,  are  ascribed  mtirfely,  by 
Panizza,  tn  rupture  of  the  vessels  and 
transudation,  not  only  in  fislies  but  in  all 
other  classes.  The  large  sacs  and  recep- 
tacles which  are  commonly  seen  on  the 
injected  lymjjhatics  of  fislies,  aix;,  for  the 
most  par^  produced  by  the  pressure  of  the 
injected  matter  oa  the  thin  and  dMeMt- 
hto^|<||»<ftiiiwiw!inrii  CQiiliiieiily. 
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observe  two  ^eat  l.itera!  plexus^  «f  lym- 
phatfcs  paSflfog-  forwards  on  the  trimk  of 
flahes,  to  tertnftiUte  wHh  the  antcrio^vcn- 
tral  plexus,  in  the  thoracic  duct  brhinfl 
the  heart.  Those  of  the  head  and  dorsal 
Iisrt»«at0rie«ifteHortell»M  tkrinr; 

The  lymphatic  vessels  have  been  sl^^^Tn, 
by  the  numerous  carcfiU  iipections  of  Pa- 
Mf    At  to  t^sno teflu extetisiTtly  flisfribnted 
through  every  part  of  the  body  in  the  om- 
phibia,  or  the  naked  batrachinn  animals; 
and  they  appear  to  him  to  be  here,  an<l  in 
alt  the  Yiigner  dasses,  a  distinct  Kystem  of 
vcsscld,  from  their  origin  to  tlieir  termi- 
nation by  great  trunks  in  the  venous  sys- 
tem* H6  MnsMen  Hlesc  tiiif  iml9  mt!  tneit* 
jjiililc  of  respiring  through  their  soft  nnrl 
naked  skin ;  and  he  regards  the  skin  as 
altogether  different  in  hs  nature  from  mu- 
cous membranes.    In  these  large  folio 
])latc9  lie  has  rcprpsonted  their  distribu- 
tion over  the  body  and  the  interior  vis- 
cera of  frogs  and  aalamanden,  as  wdf  tts 
in  9crj>ents,  li/nrds,  crorodilcs,  and  tor- 
toises.   Uc  discovered  at  Pavia,  at  the 
same  time  with  Mviian  at  Berlhn,  tiro 
jrain  of  pulsating  cavities  on  the  lympha- 
tics of  the  trunk  in  these  animals ;  and  he 
has  pointed  out  similar  pulsating  sacs  on 
the  lymphatics  in  reptfies  and  In  bhrfls. 
The  pulsations  of  these  sacs  are  not  syn- 
chronous with  those  of  the  heart,  nor 
even  wMh  eaclhothef ;  «fkd  Mejr  contlnoe 
after  the  heart  has  been  disserted  from 
the  body.    In  the  frog  they  arc  seen  pul- 
sating through  the  skin,  without  dissec- 
tion, the  anterior  pair  situate  above  the 
broad  transverse  processes  of  the  third 
cervical  vertebra,  and  the  posterior  pair 
on  eadi  side  of  the  free  end  of  the  long 
coccygeal  bono,  rear  to  the  sides  of  the 


compact  \«fet  of  fhW 
so»*feWs.  Thc^Ar*' 


pcarance,  frmri  fhe  tJortsff^t^tm^  cstHw ' 
intemaliy  by  the  valves,  and 


tatfods  wlilv  ^cM^Mf  1 

Panttza  has  rlctcrtcd  a  ptihafiiij^ 
the  lymphatics  of  the  posterior  part  (if  ffll* 
trunk  Wiitt^'m^ M^^^.  'tike  tho^'' 
seen  in  several  af<)j^tA^^9%c  Tyiirphstit*' 
are  remarlcably  abundant  oti^'the  SjAceft  1^ ' 
the  chclonian  reptile^  Snd ' iS  tire  artii 
phibia;  and  ThcnkifXlbr  liftV^itiia  ttfit' 
all  the  larteals  of  the  mesentery  rn  tTieSp 
oold-bloodcd  classes  passed  through  fte, 
spleen  be^  entering  ths^iftlWiWiywIg* 

We  have  already  seen  that  th^  lact^i 
and  the  thoracic  duct  are  very  largffy 
developed  in  the  vegetable-catlh^  the. 
Ionian  reptiles,  and  were  "are  generaHy 
two  or  more  ducts  to  convey  the  ch^lc 
and  lymph  from  the  widereceptaeuhm  to 
thevdnfroftNeliefAl'  tmMpmmi^^ 
velopraent  of  the  \'alves  still  allowt'thft'' 
injections  to  pass  from  the  larger  tindnr 
towaWs  the  'M«fljl6be»*itiM^'dsMi^ 
the  Itmpftattcs  in  all  the^taa^«ii«»*-' 
class  of  bifds  the  ^'alves  are  irttnt  m\  t^' 
loped,  the  lymphatic  vessels  'ate  Tntr^c#. 
mcrons,  and  are  more  flmf  i«  their  patfelen 
and  less  wide  and  sacculated  -than  in  flie 

chelonia.    They  are  here,  .  as  ju  oAer, 

ammm  fS^iiai^B  a  iiiti  tniMifitS  IsmH' 
■ui.ii  uiuumeu  luunti  inv  uuuis 

of  the  preat  vessels  of  the  extrciriiliM 
and  of  the  trunk.  Their  course  is  nov 
more  direct,  and  glands  ha\  c  l)ccn  ob- 
served on  these  vessels^  irt  the  ntck, 
though  they  are  not  yet  developed  on  the 
lacteals  of  the  nies^itery.  The  lympha- 
tics from  the  lower  extremities  md  poi- 
tcrior  parts  of  the  trunk;  enter  a  hn.t 


anus.   They  propel  the  lymph  into  the  i  plexus  or  receptacle  at-ihe  origih  Of  tfi9 


neighbouring  vefins. 

TTiese  splendid  folio  plates  of  Bo j anus 
andofPANizKA  show  the  great  extent  and 
the  plan  of  the  distribution  of  the  lym- 
phatics in  the  cheloninu  rL'i)tile8.  Pa- 
KizzA  has  not  been  able,  by  all  his  injcc- 
tioiu,  to  discover  a  single  direct  entrance 
of  a  lymphatie  irassel,  or  of  a  laeteei  fntn 
a  vein,  even  in  the  lymphatic  and  mesen- 
teric glands,  and  he  ascribes  the  commu- 
nteamns  pointed  out  by  other  olMcrvers, 
to  the  rupture  of  vessels,  and  the  extrava- 
sation of  the  injected  matters,  especially 
in  the  glands,  where  the  minute  lymphatic 
capillai  ies  twine  round  tcnii  InterlflOe  ^vll^ 
the  veins.  These  glands  are  not  yet  devo- 
lo])cd  in  the  reptiles,  and  their  place  is 
supplied  by  the  tortttons  whidings  aM 
subdivisions  of  the  vessels  themselves,  as 
in  the  lower  cold-blooded  vertebrata.  'fhe 
injected  prcparatione  of  these  vessels  in 


( ceeHae-attery,  along  wi«i  €h#1kdt*diMfilP' 
the  louver  i)ortion  of  the  intestine.  W 
lymphatics  fi-om  the  head'Wnd  arrtcrior 
parts  of  the  body  enter  the  tWo 
trunks  of  the  thetaefedcfe(s-,'t6  hefai/t^ 
with  the  chyle  into  the  angle  bc^r^en  <lle' 
subclavian  and  juguhir  Teins.  Ar 
as  the  lympbMle  glands  hMV^ 
served  on  each  Side  of  the  ne(*,  iif  l. 
of  the  larger  prcdaceous  birdff.  -ITIs  fir 
the^lass  mannnslia  that*  we  dnif  iUI'fllir 
parts  of  this  absoAent  or  lymjMWitte* 
to:jj  the  most  developed,  itttd  wtlie^bifg 
dition  the  most  isolated  from^e'iaiirt!'* 
ferous  and- the  lacteal  systert*. '•'TO" 
lymphatics  are  here  more  niimerbifir  Hf- 
wards  the  superficial  JPiailS,^  and  Jorrti  ^ 
alffldst  a  sMMttnt,  dlStfnu'frAtt^Me  dinpff  V ' 
seated  plexuses  which  adtxnBpiftfWj 
great  bloodvessels  of  the  extrentitiifif  'siiir' 
of flwilt.  Their  outer  and  inttertt*^' 


the  chelonia  show  almost  every  organ  of  are  more  distinct  thefr  '^ves  Srf  tiiore 

their  body  to  b«  eoTCMd  iniii  iiiiili  ii  |niiitimntiij  iiittfii  (i)ittpii)>iffiffl^ 
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tiv^Jn  guiding  liic  vpufJVf  fC^HM»n^^^A  j  tMf^lWft^fi ,  n)e<iiuij^r.l*«  j  ft,  cu^ai\epM? 
e<i  fiuidi  agaLost  ^heir  natural  dire(;fcion. ;  lusca  is  by  its  copious  mucous  secretion. 


T^e  glands  are  large  and  uumerous.ijp^ 
oonnf;  QyC  jtthese  vcss^b^  ospecially  in  tli,^ 
gt^,m  axillaeVfiiipA  ou  the.  .aul«ai  of 
the  nec|Cv  'VN'e  b^ve  foeoi  that  their  con- 
tei)^  ar©,^veyed,  wiU^th^  >v^^e,q^a<|ue, 
la<^^ilii|iL'  by  means  QK,fkJiiQgli|itll«rad9 
d^jct,  into  the  Wt  tubcUvian  vein.  There 
is  a  separate  small  lymphatic  duct  on  the 
right  sidp  ut  tii^v  ue^«  ^ow  the  direct 
communication  of  Hifylym^atic  vessels, 
N^ith  veitis  in  other  parts  of  the  body, 

ultif^rvf^  .^y  ,iniiAy  anatomists,,  .becoA 
•li|^|^qbserv«d  by  Panizza  to  rewilkfroia 
roptiu:^  and-  axteavaMtiou.  Fohmanv 
imagined  that  in  the  seal  all  the  fluid 
|»qi;y;^ed  ixQva.  the  amiUl  intpstinc  ii^to  the 
panqct^  Asellii  «u  tiken  up  only  by 
Tans»  but  it  was  shown,  first  by  Rosen- 
TH  Ai  .  and  then  by  Ri  DOLFHi,  that  there 
arc  iJiaimct  lacteal  vessels  issuing  from 
tli^.tgicpiiiir/^ijl^lands  wbidi  conveys  tl^ 
chyle  to  the  thoi-acic  duct,  as  in  other  ani- 
nnf^v  '^fOtwithstf^^ittg.fW  fibrouacoa^  of 
^%kmi^  imH^.  »  tha  mMMMUa, 
and  t|^  ^lil^^^.piiMons  m  the  lym- 
phatic sacs,  seen  in  several  of  the  lower 
veili^bratcd  clastes,  distinct  contrac- 
ptdsataoas  bava  bata  clflectad  «m 
any  part  of  the  lymphatic  system  in  tkc 
bigli^^Qlaaf^of  |j^.»nimal  kingdom. 


FicMCCuU  are  di^^charged  from  the  can^  oC; 
PQriiera,  along  with  th^  .(u;ur^euts,  li^iqtN 
appear  to  consist  of  partidea  of  ifor«ig;q^, 
matter,  niixc<l  with  the  natural  excretion 
fropi  th^  pari^tea  pf  thetc  ramified  in?,, 
tenial  abtofbent  pawagati ,  and  ilmilar 
flocculi  are  observed  perio<lically  to  detach 
themselves,  as  a  thin  mucous  or  epidermic 
excretion,  from  the  fleshy  surface  of  zoo- 
phytes, and  of  abnost  aU  tba  naked  ani- 
mals higher  than  them  in  the  scale.  Tht> 
luniioQUS,  the  electrical,  and  the  stinging 
mataririt  avolvad  by  many  qt  the  iii|i<»rifp, 
tribat  are  ao  little  oonnectad  witb  nolviR.  , 
tion  or  with  generation,  that  they  are 
neai;ly  in  the  condition  of  excretions,  aa 
alio  are  the  muneroei  poisonous  fluida 
and  o<lorou8  materials  formed  by  animals 
for  self-defence,  the  gaseous  materials 
evolved  in  respiration,  whether  by  cil^  . 
by  brancbiffi,  or  by  lungs,  tad  t)ke  flubia, 
perspired  by  the  skin.  These  excreted  ma. 
terials,  li)ie  the  secretiona  of  atiioMils,  are 
but  aubtancef  derired  fianitli«.vtodftaidab 
and  modified  by  thebr  tnwwtmiwjkMi  tlniyw^^  j 
membranes,  follicles,  or  plands. 

The  most  important  and  distinct  enuipiQ*, 
tory  organs,  however»d<fwlopedlttaW«Milaf> 
are  theurinary  apparatus,  which  exert  tho 
most  immediate  and  the  most  extensive 
influence  over  the  condition  of  the  vital 


fffrrm  'M^z  >o  u  I  fluids,  and  wtaieb  geaMraUf  convey  tbefar 

)  heterogeneous  and  copioua  products  into 
;  the  cloacal  or  tenninal  part  of  the  alimen-.. 
i  tary  oanl  to  te  dkcbarged  dbrectly  froaa. 
^^.Trn^ff'^^^^^^^^  WVM«*yA^  tbe  syrtem    tan  the  tubuhir,  ratified* 
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respiratory  organs  of  the  holothuritp,  open- 
Xui^  decayed  mateirMds  of  animal  struc-  \  ing  into  the  cloacal  part  of  the  in- 
tttC^.t^liett  up  by  HM^lymptelieaftiam  aU  |  teitine,  and  tan  tha  conataBt  euvnito  of 
points  of  the  body,  a«e  conveyed  by  them 
to  the  ciiculating  blood,  to  be  removed 
from  the  system  by  distinct  organs,  or  by 
tlMHieneral  excreting  surfaces  of  the  boi^. 
But  animals  without  lymphatics,  and  even 
without  bloodvesseli,  posaeas  the  meansof 
separating  froiB  thefar  economy  the  old 
materifJa ..which  for  a  limited  time  have 
formed  a  part  of  their  system ;  and  where 
those  fieuarated  materials  do  not  appear 
mtihmnt(mt^%0  Mme  nteful  purpose  in  the 
maintenance  of  the  individual  or  the 
aMf[;ie#>,  lbey  are  regarded  as  esoretions. 
llifire,^  be  Uttie  doubt  that  aneii  «z- 
CIlili'M  are  pouring  incessantly,  in  a 
gaseous  or  in  a  fluid  state,  from  the  ex- 
^^Ol^.^iitaoeouf  .surface  of  the  body,  or 
AroiA.tWiB^ml  wneeai  iMifcee  of-  tbe 
alimentary  cavity,  in  all  classes  of  animals, 
from  tbe  polyguHtiica  to  tbe  mammalia, 
hc^eyer  iuappi  (.ciaUk  tho»e  producu  may 
^.ui^*  ,nak^  «uc^  o|  anlwido^  if 


water  which  thus  pass  to  and  fro  through 
the  anal  aperture,  these  organs  may  ob« 
viously  pei^form  the  functions  of  tbe  two , 
great  oaunctories  of  higher  anjaiali,  ttar 
respiratory  and  tbe  urinary  organs.  In 
many  insecta  and  arachnida  we  observe, 
besides  tbe  oMauj  VXkry  tobce,  open- 
ing into  the  bi^ier  chylifiant  portion  of  , 
the  alimentary  cavity,  distinct  small  se- 
creting  tubes  or  foUicles,  which  convey 
their  prodoelB  iato  the  IcfBiiaal  or  b>ver  r 
excretory  part  of  the  intestine,  and  whioh  j 
appear,  therefore,  to  present  a  rudimentary 
condition  of  the  kidneys.    These  often 
open  near  tlia  an  us,  and  tbey  have  hotm  i 
found  by  several  chemists  to  contain  in  ) 
their  secretion  diatincft  indications  of  aric  J 
acid,  in  the  el—  of  laiBeN.  Hmv  amdiP'. 
scribed  by  TteviaAMus  in  the  tv/vt 
arooAg  the  myriapods.    Similar  urinary 
or  iffeaal  iiolliolea  are  met  with  in  some  of 
....  .  ,  .     ^  .  tliakeraitacwwenimilk  Im  Hh^  oiMt^u 
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vende,  like  a  urinary  ^ad4cr>  ii^tp  yrbich 
cme  otr  two  rcnat  taberf  ctove^.  raeir  ae- 

crctinns  before  it  is  poured  into  the  wide 
rectal  part  of  tbe  iateftine.  la  several  of 
the  terrestrial  and  Mh-water  gestero- 

pods,  ui-ic  acid  has  been  found  in  a  dis- 
tinct sac,  thus  serving  the  o/Uce  of  a 
kidney,  and  we  frequently  find  in  the 
moUascous  classes,  excretory  sacs  open- 
in^  into  the  rectum  or  near  the  anus, 
or  into  the  genital  passages,  such  as  the 
Uiky  exeretfofi  of  the  naked  oepbalapods, 
tlic  P-Tial  sac  of  the  doi  ls,  and  the  coloured 
excretions  of  other  genera.  Tbe  urinary 
bladder  is  develoj)ed  in  the  articulated 
classes  as  a  mere  dilatation  of  the  duct  or 
tube  which  constitutes  tlie  gland,  as  the 
gall-bladder  is  an  enlaigenient  or  res^r- 
Toir  of  the  bepaUc  doct  oonveying  the  se- 
erefeUm  of  the  liver. 

No  organs  are  more  ooostant  in  the 

vcrtebrated  classes  than  the  two  kidneys, 
and  the  urinarj'  Idarhler  is  one  of  the  most 
variable  and  inconstant.  They  are  gene- 
rally of  a  larger  size  and  of  a  simpler 
structure  iji  those  animals  which  have  a 
limited  extent  of  respiratiout  so  that  cheir 
bnllc  is  commonly  in  the  direct  ratio  of  that 
of  the  liiliary  organs.  In  the  class  of  fishes 
the  kidneys  have  a  simple  structure  and  a 
lengthened  form,  excluded  from  the  cavity 
of  the  peritoneum,  as  in  higher  animals, 
by  the  peritoneal  coat  passing  over  their 
al>dominal  surface,  and  attaching  them 
along  the  eldei  of  the  vertebral  odama. 
They  consist  of  lohed  organs  that  are 
closely  approximated  to  each  other  on  the 
median  plane,  like  those  in  ^  highest 
(Masses  of  animals  at  the  first  commence- 
ment of  their  development.  They  consist 
of  ramified  ureters,  the  branches  of  which 
asiume  varioatfiinni^  producing  this  lobed 
appearance,  so  constant  in  the  class  of 
fishes;  and  over  those  capillary  ramifica- 
tkme  of  the  nrinlferons  tubnU  which  oora* 
pose  the  mass  of  tlic  kidneys,  the  blood  is 
<listributed  in  a  manner  which  differs  in 
the  different  classes  of  animals,  giving 
rise  to  the  varioiis  textures  we  observe 
in  the  interior  of  their  kidneys,  as  in  other 
glandular  organs.  Sometimes  those  uri- 
viferone  veseeto  are  dieposed  parallel  to 
each  other ;  sometimes  they  are  more  ra- 
mified, convoluted,  and  subdivided,  fonp- 
Ing  that  lobed  appearance  wiiidi  we  ob- 
serve to  be  permanently  retained  in  all  the 
lower  classes  of  vertebratcd  animals,  and 
which  is  found  in  the  first  condition  of  the 
Icidneyi  In  the  highest  classes.  The  kid- 
neys are  larger  in  fishes  than  in  any  other 
class,  perhaps  from  their  aqi^atia  medium, 
and  the  quantity  of  fluids  looiistahfly  tdcen 
with  their  food. 
In  fi«hcs«  th9  ivme.Vibi^l^Jp.^;^^  jfK 


those  qapQIary  luju^eruus  tf4ic>  ^iR9Krjf4. 
directly  into  m |Nm>  longad^ iwi4e  jaysetni^ 
without  forming  a  distinct  enlargement  oi^ 
pelvis  of  the  Iddney,  as  it  is  termed,  lo 
higher  aabnali:  •  Wi*  Mtt^'MlMMe 
along  tile  eldes  of  all  the  Mperate  tHaia 
lobes  in  each  kidney,  receives  t!ie  urine 
from  each,  and  pours  it  thm  through  the 
remamingpart  of  the  caimt,i)ftlll(wred)]^ 
into  the  rloacal  termination  of  the  itites- 
tine,  without  forming  a  urinary  bladder. 

t«>Miit  ■■■lJ«i  iiliiiii/i^tW^t^tm 

xtibx  uei  iiiinanan  or  xnxs  ui  visi  wia^anne 

in  the  most  posterior  part  of  the  aiii 
opening ;  it  is  posterior  txi  the  genital  SN* 
gans,  and  the  genital  organs '  hi  IBibef, 
whether  male  or  female,  are  thentttifej 
posterior  to  tlie  rectum.  Thus  the  poii- 
tion  of  those  parts  is  the  reverse  of  thst 
wMch  they  have  fai  mammalle,  '%lMn 
the  rectum  i?  behind,  and  the  tntnttj 
openings  are  in  front  qf  tbe  others,  in  tht 
pelvit.  F^nentiy,  Iwwwer,  there  it'dt* 
veloped  in  fishes  a  compafativi^iy  snndl 
urinary  bladder,  which  reccivesthetefffll- 
nations  of  the  tw  o  ureters.  This,  tea smdl 
extent,  allows  of  the  accumulation  of  tbe 
urine,  which  is  rlischarged  by  an  opcntn?, 
or  a  short  urethral  passage,  at  (he  bsdc 
part  cr  the  general' open  ing  of  "Ae  tMei 
or  terminal  part  of  the  intestine. 

Now  these  long-lobed  kidneys  of  tiie 
fishes  extend  often  as  fkr  forwards  tti  m 
cranium,  behind  the  he^  atnd  ^illS,  sirf 
backwards  into  a  pelvic  cavity  behhid  tlie 
anus.  They  run  so  close  to  each  <Mfaer 
that  they  are  ofteit'  united  togiether  ibrt 
part  of  their  course  on  the  median  pkne, 
smnetimes  on  their  anter^  jsort^m 
smhetfanei  oA  tNeir  postenolrfwit  'tttfv 
not  accompanied  by  any  communication 
of  the  nrinifierons  ttlbes  of  the  one  kidnn 
with  those'of  the  other.  The  anterior  wtrt 
of  the  kidneyvia  often  mnch  ealsrgMbr 
the  development  of  a  lateral  lobe  on  esu*, 
and  we  find  them,  Main,  grw^v  lygtwj . 

where  the  lobed  ffttm  h  M-mMM/^ 
served.   The  nnmereuf  •  ^fcM?MHIfjjj| 
supply  these  lobes  come  otf-'iSliikJtff^ 
the  trunk  of  the  aorta,  or  from  thfc  inter- 
costal arteries  which  come  from  its  side*, 
and  the  renal  veins  mostly  enter  ^^e,^. 
cava  as  it  passes  forwards  betwe0^|K< 
lobes  of  the  kidneys.   The  kidneys 
smaller  and  shorter  in  the  yfiy|aJ[fgvyW( 
Hehoi,  lika  those  of  coModian  siia|s#.: 
other  reptiles,  and  the  uretera  eater,  ^SM^, 
the  vasa  dcforentia  into  a  common 
urethral  passage.  Tbe  kidneys,  like  OW^: 
e^tande,  canshtlngof  imnifl#d  tuM 
assume  a  conglomemte  (onOf  9t  first  sp< 
pear  as  pimple  tvibes  jrunning  > aloog^ 
back  part  el  the  abiloiaeni  froQ  .^^^ 
of  which  short  and  simple  tub^  fur&,ftt' 
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sitMlvia6a,  ttitife,  fthfl'teVtbous,  as  to  jn  e- 
MfAl'M'theadtne  state  this  uuiforiii;  soft, 

In  th^  ainphibipuii  auimalt,  tbe  kidaeys 
hav^9  less  lobed  and  a  loss  lengthened  form 

bi^4wr  ili.pir  freat  «iMU  W9  obtsnr*  ft 

ii>  :tUe  f|!:!Og>i,|iuamanders,  and  some  othor* 
uf,|hosc  amphibious  animals,  to  be  par> 
tUl)y  divided  by  a  bifurcation,  at  its  upper 

e.  ii^to-  twp  portions,  and  tbe  bladte  is 
constant,  as  in  the  chclonian  rep- 
tiles, it)  its  appearance.  It  receives  the 
ureters,  4X>oveying:  the  urine  from  the 
lobed  and  atiU  lengthened  kidneys,  and 
which  are  contained  high  in  the  dorsal 
par(  oi  the  abdomen,— the  ordinary  po- 
sitioii  of  the  kidneys,  in  all  th«  inifenor 
or  oviparous  classes  of  vertebrata  in  their 


largement,  and  without  caliccs,  such  as 
we  see  developed  in  the  more  concen- 
tratcd  forms  Of  the  licidneys  in  the  mani- 
malia.    They  partake  of  the  lengthened 
form  so  remarkable  in  almost,  all  the 
organs  of  serpents.  *rhe  leift  kidney  is 
placed  farther  backwards  than  flie.right, 
while  in  the  other  reptiles  they  are  both 
placed  in  the  same  transverse  plane  of  the 
body.  They  are  here  more  completely 
surrounded  with  peritoneum,  and  sus- 
pended freely,  to  allow  of  greater  mo- 
tion of  the  vertebral  column  with  safety, 
where  there  is  no  sacrum.    Each  lobe  is 
like  a  distinct  kidney,  and  its  numerous, 
small,  tortuous,  uriniferous  tubuli,  open  by 
a  common  duct  into  the  nreter,  which 
follows,  as  usual,  the  inner  margin  of  all 
the  lobes ;  so  that  each  \oh^.  consists  of  a 
mass  of  very  fine  toituous  ramified  tubes. 


adult  state,  and  in  tlie  mammalia  them-  ^    .  .      m  - 

selves  at  an  early  period  of  tlieir  exist-  arismg  ftom  a  common  wide  and  short 
ence.  Tbey  be^.in  the  amphibia,  as  in  ureters  open  separately  into 


fishes,  by  being  long  slender  tubes,  extend- 
ing along  the  sides  of  (he  vertebral  col^ma; 
an4fr(>iu  these  the  little  latent  tfOnH^  bud 
ont,.iiii,Uia.hrT»  or  tadpole  stM^ps  you 


open  separately  into 
the  back  part  of  the  cloaca,  as  we  com- 
monly see  in  those  fishes,  saurian  reptiles, 
and  birds,  which  have  no  bladder  deve- 

  _  loped.   These  minute  tortuous  tubuli  pre- 

obeeJve  repreintea  V'these  ^^^J^ified ,  ^^^e  the  same  size  and  diameter  through- 
views  of  Mu«.i.Ba.  ThW  ve  also  more  »^™"*  ^'w*'®  substsnce  of  each 
dosely  approbated  to  each  other  along  confused  tortuous  di- 

the  vertebral  column,  in  the  larva  stote, ;  verging  course,  so  that  there  is  not  that 
than  in  the  adult  condition  of  the  frogs ;  distinction  of  cortical  and  medullary  por- 
and  they  retain  a  more  lengthened  form  kidneys  which  we  find  so 

in  ibe  perenoibnmchiate  amphibia,  as  we  "ja^^^^ablc  m  a  ffectioa  of  ttiesd  oryani  in 
see  also  in  fishes.  Even  in  the  tritons  they  ,  mammajlep 
hav-e.beei^  observe  to  retain,  to  a  9Qm pa-     _  .  „ 

va4^d|y  late  period  of  growth,  tbefr  Aatal '  saurian  reptiles  we  commonly 

or.wimitive  form,  which  is  more  quickly '  And  the  kidneys  farther  backwards  in  the 
changed  in  the  frogs  and  toads.  It  would  P^fvic  reaion,  and  there  is  frequenUy  a 
the  obsarvations  of  Mui^Lsa,  ""nary  bladder,  bat  in  tiie  CTOCodOes  ana 
*fiySft^nt flw^*'rrJliet vi tbf  Ihik ffhirrt  x^^^^  others  there  is  none;  and  in  them, 
lateiJrtliAttli  are  distinctly  perceptible  in  birds,  we  find  that  the  two  ureters 

the  embryo,  in  the  soft  homogeneous  eel- 1  ferrainate  at  a  distance  from  ^ach  other 
lu)ar.  tissue  of  the  kidneys,  before  the  P"*  "       general  doaca, 

nretflsa  themselves  are  yetdevelopel|that  h^'^^  where  there  is  a  urinary  blad- 
the  tubuli  lengthen  by  the  extension  of  der  in  the  saurian  reptUes,  the  ureters 

do  not  terminate  du-ectly  in  its  cavity 
as  they  do  in  most  mammalia,  but  sqpa* 
rately  at  its  neck  in  the  cloaca,  as  we 
see  in  amphibia  aud  cbeloniat  These  large 
bladders  appear  to  contain  the  whije 
of  the  allantois  which  has  not  extended 
from  the  umbilicus,  as  it  does  in  higher 
tribes  of  animals,  where  a  great  part  or 
the  whole  of  it  becomes  obliteratea  in  the 
urachus.  In  the  crocodiles  the  kidneys 
are  ^re  lobed  and  more  complicated  in- 
ternauy  than  in  the  limds.  They  appear 
externally  more  like  those  of  the  serpents* 
I)ut  the  uriniferous  tubuli  do  not  fonn 
tortuous  groups  arising  from  single  ducts  i 
they  hcrS  diverge  from  a  central  wide 
duct  in  each  lobe,  and  run  paraUel  to  each, 
other  to  the  periphery  of  the  lobe,  so  that 
a  section  of  a  lobe  appears,  like  a  leaf, 
with  paraM  rays  divergbg  to  the  margin 
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their  necks,  and  that  these  organs  are 
thus  developejlrlilce  vMit  elhersb  fnm  ^ 


III  the  reptiftf  we  Q!bf«nMft  greater 

variety  in  the  form  and  structure  of  the 
urh|uiry  organs,  and  especiaUy  in  thejpre- 
setttse  vt  AitnM  of  the  ttrinny  bladder. 
In  th^  set^entt,  as  vou  observe  by  the 
kidhevf  heioire  yod  of  the  boa  constrictor, 
theyji^  a  remarlUtbhr  regular,  length- 
cmSlf'^ ^n&t^vl^Ot*  t0k9.  loibed  fiMrte,  con- 
sisting of  a  lonp;  scrinn  of  flat  imbricated 
trsxisvcrHo  lobes,  that  appear  compressed 
betweie^each  other  from  before  backwards. 
TtUf  itt^BpMiCt  UWIItl Many  small  kid- 
nejrs  pressed  close  to  each  other,  each  of 
which  potirs  its  accretion  into  the  common 
ur^i4r  tbmak  lll^m^  forming 
« 'mtlitilc^'^im»'miMrm»A  i^Me  en* 
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from  a  central  ve«8d  or  duct.  To  com- 
pose these  lobes  the  lucters  divide  ii>to 
nunierous  tnmk^  which  imlss  along^  the 
axis  of  the  lobes,  and  subdivide,  in  a  pin- 
nate manner,  into  minute  Mrallel  tubnli, 
wlilcli  esctend  <6  the  Hfuuiiiretenue.'  ' 

In  the  chcloniah  reptiles  th^  urinary 
bladder  is  of  greater  size  than  in  any  other 
class^  a^d  accords  with  th^ir  limited  cutft* 
Tieous  perspiration.  The  kidneys  thctn- 
selves  have  a  more  concentrated  and  a 
li^rter  form,  and  appear  less  distinctly 
lUbdividcd  into  lobet  than  In  tlie  inferior 
vertcbrata ;  they  assume  more  the  con- 
voluted form,  on  the  surface,  which  they 
present  in  the  crocodnea,  which  Indicate 
the  limits  of  the  tortuous  lobes  of  which 
they  are  here  composed.  The  tubnli 
uriniferi  are  more  tortuous  than  in  the 
ctooaffile.  The  cartilaginous  fisliei^  as 
tllift  rays  and  sharks,  already  ]>rcsent,  ont- 
wardhy,  the  concentrated  and  undivided 
Ibrai  which  we  perceive  in  n  greats  d^ 
gree  in  these  chelonian  teptilet.  The 
ureters  in  the  chelonia  convey  the'nrine 
into  a  very  lai-ge  urinarv  bladder ;  ^ene- 
nUy  h  is  partially  divided  fiiCo  tw<s  and 
fOmetimes  into  three,  lobes  at  its  upper 
murt.  Like  the  respiratory  allantois  of 
the'foetus  of  higher  classes,  it  is  a  great 
development  from  the  cloacal  part  of  the 
intestine,  and  although  th6  ureters  do  not 
terminate  directly  in  it,  uric  acid  is  found 
in  ito  viidd  eontentt,  at  In  Vhcf  large  nri<' 
nar^  bladder  of  the  batradiian  aaimab* 

In  the  class  of  birds  the  kidne}'9  are 
•OH  GOnatancly  and  deeply  dirMed  into 
irilnicrous  lohcs  of  considerable  size,  which 
aare  lodged  in  the  deep  cavities  that  are 
816^  along  the  aides  oTtlie  fntetfor  of  the 
sacrum.  In  each  kidney  the  upper  lohe 
is  more  detached,  and  is  large,  compared 
with  the  rest,  and  it  receives  a  distinct 
rlrnal  artery  from  the  aorta,  each  of  the 
smaller  lobes  receiving  tv.'igs,  as  they  de- 
scend, from  the  femoral  artery,  or  from 
the  large  sacra  media.  The  secretion  col- 
lected from  an  tiiote  irregular  large  sepa- 
rate lobes  is  conveyed  to  the  posterior  and 
lateral  part  of  the  cloaca,  into  which  the 
two  waters  open,  hy  two  projecting  pa- 
plllse,  and  thus  the  urine,  containing;  a 
lifrge  proportion  of  urea,  is  directly  mixed 
with  all  other  excrementitious  matter  oon- 
yreyed  tnto  tlMdoaOL  'Tlw  OfMltDigaof 
'the  ureters  here  preserve  the  same  situa- 
tio(i  a*  thev  have  in  the  reptiles.  But 
W^e  vntrldi,  whlHi  midtes  «if  neir  an 
;a|V|)roacH  tb  the  class  tif  qnadrdpeds,  the 
ureters  terminate  nt  the  lower -mnvof in  of  a 
greatir  enlarged  tloacal  cavity,  whiiih  al- 
lows Ihe '  eecMon  t6*  tffetii»idaie,:«tKl 
aervee%h^  pnriioiri^'M  a1Mddn#,.*«flliok'ln-2 


deed  is  itself  only  a  develppknMt  U  the 
cloacal  part  of  the'  inteMae/  Wd  M 
want  of  a  urinary  'htaideri'in  hkMm 
been  ascribed  to  the  extent  of  obHtcn^ttn 
of  the  altantotB  und  uraoM>«>  whirtwiii 
cttMllliitftf  'AWMi^tt&^AiiWtt^liBitfaiiMi^ 
birds  present  nor «nty  the  most  distinct 
bladder,  but  also^  the  most  concentrated 
form  of  the  kidneys^  by  the  close  approsi." 
iwMion  nfid  <MkMi<«f  all  their  lobe&  The 
surface  6f  the  kidneys  in  birds,  uheiv  mi- 
nutely observed,  presentsf.  a  coavektted 
appearance,  from  the  whndeiiai^rdhlA' 
buHon  of  the  small  lohnle**  formAd  by  tM 
shut  ends  of  all  the  ttriniferoot  tidxi 
Tiiese  organs  appear  in  the  «nibi7»  « 
■  arti^ifanapnrtMt^  aitaHl«liPiiiu||iaM<in 
maes,'  in  which  the  convoluted  and  foU* 
ated  text  Ore  is  gradually  evolved,  and  tbc 
cxtremiiies^f  ttie  urinifereus  tubes  vihidi 
compoeft -tiw MInM  taofhe  percqitibtei 
hut  these  organs  ere  preceded  in  tbtir 
develiMraiait  by  two  other  loUicular  glaadvi 
Mdnctt  of '«Md^MM**iaBVfviWAt»Nlt 
ureters  -  the  eeryora  Wol0km  otRkTwxt. 
"niese  corpora  Wolffinna,  composed  lim* 
ply  of  transversely*  ditiposed  tortuous  ioUi^ 
ci6fe,'ir0'allriali)r  la>go»littMmiM'iWiiiiP 
ment  of  the  kidneys,  aod  alterv'ards  giv 
dually  diminish  in  siatf;  'they  are ^oai' 
^dered  as  more  oonttected  with'  th^^i*^ 
kKion  of  the  gen{lal'4lMul>tlleilnlna0y)l^ 
g«ns,  in  the  classes  where  they 
served.  The  minnle  «rinilerooa<tilM^ 
dfreettd'ln'n  jiittnate  i^inmrftKrihaat^ 
face  of  the  lobnles  of  the  kidneys^  {irodbei 
perce])tibl0  interiohular 'Spaces,  whidinc 
occupied,  as  in  otiier  giands^  with  Ihets^ 
piHa^^tiioodvsiisIs,  «Ml>'ihe}«i^iiles» 
guineous  veslcle?j  are  se^n  owthOsStft^ 
sels  in  the  interior  of  tko  organs  as4p>il* 
Irtdneys  of  snannallKi  "•••vimoI  ttU  aM* 

•■,fl,:   -Mi!  ti.  >:.' 

In  the  class  of  mamroiferous  aointsb. 
we  observe^  that  the  cetaoea,  aodmaoy-^ 
tlM  MhUbv  %c»Mi»ewaurtbBs^  iO/m 

lower  condition  than  most  of  the  corai- 
vora  in  the  'devdopsBeat  aad  .conocBns- 
tion  of  the  kidneys;  this  le  indicated' if 
the  lobed  appearance  which  it  pceserfO 
in  them  through  life.  This  lohcd  coo** 
tion  of  the  organ  is  seen  also  lathe 
comparatively  alow^mo^g  planligTs^ 
carnivorous  quadrupeds,  as  yon  obterre  tn 
these  kidueys  of  the  bear  and  of  tbebsil' 
ger,  belonging  to  that  order.  Tbc  asiae  ii 
Iband  in  the  adiphiUbos  manunaha'Sid 
many  of  the  pacbj'derma^'and  in  the  otisr 
£ach  kidney  consists  onljr  of  iotmlcdiai^jti 
the  elepliant.  aiie  Iddneynin^tb^ii'l' 
rfor  animals  retain  their  dmjhifyo  condi- 
tion, their  subdivided  form  ot  iob*.', 
through  life,— that  primitivo  fona  niudi 
}  oi»)iav«  i«en.peinaunifat)y  isii^ed>^ 
in  birds,  reptile^  9ai^m9k\wtfkit*^ 


Digitized  by  Google 


But  in  ih^  kj^t  i9ma»ifb  h»}m^S,4H, 
4Mi  <M(  yoiifdMMiv%iiei(|ciAiOTf  m^f 

to  become  more  coaeentraAed  in  i^Aii^d.e- 
valopment,  by  the  junction  of  aU  those 
lobes  inta  a  »iugle  compact  QrgQQi  wlpicb 
iliiiditialwag«sn}i)MMiji8,  inters 
pearance-of  a  cottical  and  medullary  por- 
tioBi  I  produced  bjr  the  stcwgbA  course 
tfarMpinatef  <irianerou»  tuVMW  ipt  tli9 
taiikl>Bi|i'luldilhtir  tortuous  coiurse  in  tW 
exterior  portion.  This  intimftte  structure 
is  >8eest  not  only  in^each  of  tU&  aeiiAi^te, 
kilnl!«i€>liei(itidM0r  te*tiM>^liaiiifin  f«M»w, 
Vlft  in  the  component  lobes  also  of  the 
adMlk;  lobukUed  forms  of  the  kkUicys  of 
inferior  ^uadnipefla.  Tbe  miniber  of  pa- 
piUsBandof  infnadibula' varies  as  much  as 
the  iinnd)er  of  lobes  ;  but  the  laws  of  the 
MBaarkahle  differences  in  the  form  of  this 
dEgto  sedBO^TM  iMmcilj  perceived,  nor 
ar6  tibose  which  regulate  the  striking  dif- 
ferences which  present  themselves  in  the 
^tstteot  of. development  of  the  cortical  and 
mtidrilMiytpettipnfiitfithe  organ.  The  little 
transverse  layers  of  glandular  follicles 
cmnpowig  the  corpora  Wolffianai  appear 
Wiwi  tfaone  of  the  jcidoey»  in  quadrupeds, 
fl»iln  birds  and  MpiftN,  The  kidneys  ap- 
pear at  first  as  a  congeries  of  tortuous  fol- 
ltflles».  radiating  to  the  periphery,  o|  a 
MMnd'tpelatinoiit  idami  aad  4nrininat* 
Ing  aronnd  tfaer-es|terior  surface  of  the 
organs,  in  small  pyHforra  sacs,  like  the 
vesicular  terminations  of  the  bronchial 
tubes  in  the  lung^.  ThMeConniwil  ve- 
rides  diminish  and  disappear  as  the  tubuli 
Iwgtlien  and  becoBte  jcnnvoUited  or  tortu- 
oM  imiAjiBtarMKvo.-  fbe  tvlMiH  im  the 
xrentral  part  become  more  straight  aftd 
parallel,  and  grouped  into  fascictdi,  which 
fidinpoae  the  meduliaiy  part  of  the  organ, 
while  the  tortuoas  Inierwovwi  periphenl 
puts  of  the  tubuli  form  the  cortical  por- 
tfn.of  the  kidney*  These  groups  of  pa- 
nUel  tubeli  .Bieel  «t  .  their  open  extremi- 
tlSmukA  teominate  in  Ite  papUK  <whkh 
are  surrounded  by  calices,  openini^  pene- 
rally  into  a  common  wider  receptacle,  or 
pfel^is^  Hoai  yMA  the  meter  oomraences. 
The  course  and  the  termination  of  the 
U'cteij,  and  the  general  form  of  the 
urinary  bladder,  present  few  varietieii  of 
AitereHtain  dris  elue,  and  for  the  most 
'part  thejr  accord  with  the  disposition  of 
llHheapacta  in  the  human  body.  The 
Mmy  Wdder^lfteAe  alimentary  cavity, 
(||  >moi^e  csapedom  In  the  herbivorous  tribes 
of:l)nadrupeds  than  in  those  which  feed  on 
ianimal  tubstanoes.  Thus  we  observe  that  i 
•4M»fli^%mit'«rilfgroiity  of  plan,  and« 
gfradnai  developmClltMid  increasing  com  - 1 
pleahesBf  iu  the  sthictnre  of  theuc  common  > 
'leeaimotory  organs,  as  in  almost  every 
•th^  organic  system^'j^.fve  woaid  in 


III.. 


The  body  of  animals  hcing  thus  an  apj- 
gregate  of  various  complicated  and  deli- 
cate machinery,  is  more  or  less  protected 
from  the  surrounding  elements  by  some 
form  of  exterior  integuments.  In  the 
higher  animaU.  besides  the  dense  scales, 
hairs,  spines,  Katno^'^'and  eCher  parts 
which  form  the  most  exterior  of  the  tegu- 
mcntary  organs,  we  find  exuded  from 
vJ^e  .-.ighly  vascular  and  delicate  sur* 
face  4»  the  true  akin,  a  thin  layer  of 
rctc  mucosum  and  an  exterior  epidermis, 
which  are  unorganized,  like  the  shells  pf 
inferior  tribes  of  animals.  Btfttdtiiough 
we  find  thoie  tcgumentary  substances 
occurring  8o  generally  over  the  soft  and 
delicate  surface  of  the  bodies  of  the  high- 
est animals,  they  do  not  alike  exist  orer 
the  w?^ole  of  the  superior  tribes.  In  the 
lowest  animals  the  simple  cellular  tissue 
of  the  body  appears  not  to  have  yet  ex- 
creted upon  its  surface  any  distinct  and 
separate  unorganized  extra-vascular  layer 
analogQus  to  the  epidermis.  It  appears  as 
if  the  oelinlar  tissue  m  iininediate  contact 
Wiethe  SHROundiag dements  had  merely 
assumed  a  more  dense  texture,  or  was 
more  compact  and  more  highly  organized 
than  in  the  interior  of  thehody.  A  part  ana- 
logous to  a  true  skin  is  thus  formed,  which, 
like  mucous  surfaces,  exutles  a  soft  mucous 
seqretioni  but  not  the  consistent  varnish 
fomhigthe  ordinary  scaly  epidermis.  This 
appears  to  be  the  case  with  the  cutaneous 
covering  of  several  of  the  inferior  classes, 
as  the  (Milygastrica,  the  poriftrons  animals, 
the  soMhjtes.  the  acalepha,  and  even 
higher  classes.  We  cannot  trace  a  distinct 
skin  or  cuticle  as  a  sepai'ate  membranous 
layer  oa  the  delteate  surAice  of  the  hydra, 
or  on  the  naked  polypi  or  fleshy  parts  of 
other  zoophytes.  In  the  acalepha,  where 
the  primary  cellular  tissue  still  com]>oses 
so  large  a  portion  of  theliody,  and  where 
so  few  organs  yet  appear  to  exist  in  the 
interior  of  this  tissue,  even  in  a  rudimen- 
tary state,  we  cannot  separate  from  the 
surface  a  distinct  epidermis,  nor  even  a 
distinct  membranous  cutis.  It  appears 
that  the  cellular  tissue  composing  the 
greater  part  of  the  body  it  there,  as  in 
inferior  classes,  merely  more  finiily  and 
more  densely  organized  in  its  texture,  and 
noore  capable  of  lesisting  the  influence  of 
the  external  medium  in  which  thoee  ani- 
mals reside.  We  might  imagine,  upon 
looking  at  the  dense  (»lcified  covering  of 
mosl  m  the  eoMnoderma,  that  an  envmop- 
ing  crust  was  analogous  to  an  epidermis 
or  a  retc  mucosum ;  but  upon  examining 
the  growth  and  na^re  of  those  shells,  and 
their  surface  in  the  lllritag.  state,  we  per- 
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the  surface  of  the  fleshy  substance,  being 
"covered  with  a  living  organizt^d  delicate 
integument,  whicli  secretes  in  layers  the 
calcareous  matter  which  we  have  already 
considered  as  forming  their  skeleton.  The 
spines  themselves  arc  covered  externally 
vith  this  delicate  living  membrane  that 
secretes  internally  the  calcareous  matter, 
and  externally  a  soft  mucous  fluid,  as  in 
animals  which  liave  no  shelly  coverings  to 
protect  their  interior,  or  to  support  their 
organs  of  motioo.       j  • 

It  is  in  the  articulated  classes  of  animals 
that  we  find  the  distinct  development  of  a 
completely  external  epidermic  covering 
which  appears  to  be  entirely  extra- vas- 
cular, exterior  to  the  surface  of  the  true 
skin,  and  enveloping  in  its  substance  the 
calcareous  matter  of  the  shell,  when  that 
glutinous  vaniish  is  strengthened  by  that 
secretion.  Wo  do  not  perceive  this  on  the 
b:;rface  of  the  softest  hclmiuthoid  ani- 
mals, but  many  of  them  exude  it  in  large 
quantity,  to  mi.x  with  the  earthy  particles 
of  their  solid  covering,  as  wc  see  in  tho.se 
which  inhabit  tubes. 

lu  the  myriapods  this  superficial  dense 
cutaneous  exudation  has  assumed  such  a 
form  that  the  animal  cannot  protrude 
the  soft  parts  of  its  body  from  the  solid 
tubes  that  are  thus  forn\ed.  Those  dense 
calcified  parts  aie  covered  with  a  thin 
film,  which  is  the  first  layer  exuded  from 
the  surface  of  the  true  skin ;  beneath  titat 
is  the  colouring  matter,  and  beneath  this 
again  is  the  denser  chitine,  generally,  in 
the  articulated  classes  of  aniuieils,  conso- 
lidated by  the  phosphate  of  lime.  The 
epidermis  in  those  articulated  animals 
is  distinctly  developed  i  and  we  may  re- 
gard the  whole  of  the  superficial  thui 
film  we  find  covering  the  colouring  matter 
in  the  crustaceousaniuials,  and  in  the  other 
articulated  classes  with  articulated  njcm- 
bers,  as  analogous  to  the  epidermis.  Tlie 
colouring  matter  itself  is  beneath  this  first 
exuded  unorganized  film,  and  beneath  that 
coloming  matter  again  is  the  calcareous 
m.ittcr.  These  arc  in  contact,  dm  iu^  the 
greater  part  of  life,  with  the  true  skm  of 
the  animals  into  which  the  muscular  fibres 
are  inserted.  Thus  you  perceive,  that 
w  hat  we  have  already  seen  to  be  the  ske- 
leton of  those  animals  occupies  u  part  of 
tlic  body  beneath  the  epidermis,  and  ana- 
logous to  the  position  of  the  rete  muco- 
num  in  man — the  chief  seat  of  colour  in 
the  animal  kingdom. 

In  the  molluscous  classes  of  animals 
we  observe  that  there  is  generally  per- 
ceptible a  thin  epidermic  layer,  like  a 
varnish,  that  covers  the  exterior  surface, 
not  only  of  the  calcareous  matter  of  the 
shell,  but  of  the  colouring  substance  dis- 
posed upon  the  sui'iacc  oi't;><*  oolcarcous 


deposit.  You  are  not  to  rej^d  this,  how 
ever,  as  the  only  proper  epulcruii  • 
animal's  bo<Iy.  There  is  a  thiu  cpi  .1*1  . 
covering  over  the  surlace  of  the  tiut  sli'u 
of  the  animal,  contained  in  the  mtcrior  of 
the  shells,  and  vhat  we  look  uik)U  as  the 
covering  of  the  dense  shell  is  an  c-xuda* 
tion,  perfectly  unor^janized,  which  is  (lc|)o* 
sited  by  the  exterior  secreting  niueoiw 
surface  of  the  mantle  itself.  This  exterior 
glutinous  epidermic  exudation  you  can 
distinctly  perceive  is  also  formed  by  suc- 
cessive deposits,  like  the  shell ;  it  is  not  a 
substance  here,  nor  in  the  vertebratcd  aui' 
mals,  which  is  growing  by  its  own  viial 
properties,  and  spreading  continually  wer 
the  surface  of  the  shell,  and  keeping  jiace 
with  the  increasing  growth  uf  the  shell. 
This  exterior  vaiuish  has  no  mma 
within  itself,  ui  any  class  of  auiumU,  liiglt 
or  low,  of  such  growth  and  exten^iou.  In 
some  cases  it  is  continuous  with  the  cd^ci 
of  the  successive  luyer;i  of  the  ihell  it$<Ui 
in  others  it  appears  to  be  an  cxuUatiua, 
first  deposited  by  the  surface  of  the 
mantle,  and  extended  for  some  length; 
afterwards  the  colouring,  mixed  with  the 
calcareous  matters,  ai-c  dejK)sitLd  beneath 
its  surface.  In  this  case,  an  .  .-i  succcs* 
sive  layers,  the  ei>idermis  tlnis  grows  with 
the  shell,  and  precii»cly  iu  the  sa^ 
manner.  Tliis,  therefore,  you  percei»c»  J 
a  substance  less  capable  of  increasing  ift 
its  dimensions  than  that  epidermic  cover* 
ing  which  immediately  envelops  the  deli* 
Ciite  soft  skui  of  those  molluscous  ruriua!*. 
When  the  epidern.is,  from  its  c\ 
thinness  and  softness,  is  thus  ca 
being  expanded  along  with  the  li 
the  body,  and  of  being  constiUi  ...  . 
served  iu  contact  with  the  surface  of  ih* 
true  skin,  the  dried  aud  hard  covcrtu^ 
in  contact  with  the  skin  of  the  entomoul 
classes  are  not  capable  of  thus  exjiandiiig 
with  the  growth  of  the  soft  i)arts,  awi 
arc,  therelbrc,  periodically  cast  aud  re- 
newed. The  cojdous  mucous  srcntion 
from  the  skin  of  molluscous  aniti. 
serves  their  epidermis  soft,  and  caiabic  ^[ 
expaiij-ioii  and  of  growth,  by  addition  ^ 
new  matter,  where  it  is  not  haideiicd  hy 
calcarcojia  jiarticles. 

Covering  the  surface  of  the  body  ii'  the 
naked  ccphalopods,  we  obsen'e  a  very  tbiut 
tian8])arent,  colourless,  and  soft  epideniiij* 
Bcnciith  the  suiface  of  this  cpiderioisi  an*^ 
exterior  to  the  true  skin,  consequently  i" 
the  situation  of  the  rete  miu'i^nin.  :>!e 
situate  the  remarkable  colour^ 
constantly  varying  their  (iiamtur,  whuu 
appear  to  be  a  coloured  fliud,  coufincd  to 
small  depressed  flat  vesicles,  cnpablt  of 
greatly  enlarging  and  couu  acting, 
parts  of  the  skin  removed  from  the  liuJ,.. 
and,  by  theii'  opacity,  aud  t^ieir  vaiiablcdj- 
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initeli  tve  see,  al  a  means  of  dbnoeal* 
inent,  in  the  living  state,  constantly  and 
rapidly  passing  and  repassing  over .  the 
surfttoe  of  then  body,  especially  wlieni 
they  arc  touched  or  irritated  in  any 
way  on  the  sensible  surface  of  their  skin. 
Thus,  in  the  invertcbrated  tribes,  not  only 
'k  the' highly  organised  vascular  and  ten-  j 
s!hle  skin  distinctly  formed,  and  its  coa- 
gulable  exudation  the  epidermis  \  but  we 
observe  between  tbeM  an  exiniordinary 
^idl^lopnient  of  the  plgmentom  accom- 
|)anying  the  calcareous  exudation  of  the 
skeleton.  This  pigment  in  the  inver- 
ii&tetlti^  aninnb  Is  genenny  most  de- 
yfelOpcd,  and  most  varied  in  its  hues,  on 
the  side  of  the  body  most  exposed  to  the 
light,  as  on  the  upper  side  of  the  wings  of 
insects,  and  of  bivalved  shells  that  are  fixed 
at  the  bottom  of  the  water ;  and  we  see  the 

Sime  law  in  most  of  the  coloured  super- 
dsi  parff  of  yertehmta.  We  see  homy  or 
'  albuminous  exudations,  formed  in  hu^e 
quantity  in  the  poriferous  and  polypi- 
ferona  classes,  and  these  assuming  the 
ft»dis  ol  htfirs,  andsetv,  and  eirrbif,  in  the 
hclminthoid  classes,  as  in  the  transverse 
l^ands  of  shining  hairs  in  the  kalitheaf 
the  tufts  of  setae  in  the  annelides,  and  tlie 
downy  surfkce  of  larvx,  of  erastacea,  and 
of  other  artlculata,  which  grow  from  their 
base  like  the  hairs  of  mammalia.  We 
see  this  IUan»Bildiii  form  assmned  by 
the  cpldemde  covering  of  many  con- 
chifera,  and  in  the  byssus  secreted  by 
the  same  animals.  Before  these  tegumen- 
tsiy  parts  become  distinct  layers  or  or- 
gns,  we  find  the  cuticle,  the  vascular  and 
MB^ve  corium,  and  even  the  sobcu- 
tinwoi  ttMBnlir  llhtes,  IHmdetf  together, 
to  fofm  an  irritable,  sensitive,  and  often 
coriaceous,  contractile,  general  integu- 
ment which  possesses  aU  their  proper- 
'tte^ 

In  the  vertebratcd  classes,  the  tcgrmicn- 
tary  orj^ans  are  closely  related  in  their 
fonns  to  the  ordinary  temperature  of  the 
'hody,  aitd  the  density  of  the  element  in 
which  the  animals  reside.  The  warm- 
blooflcd  classes  ore  covered  with  slow  con- 
ductors of  eelerla^  I*  order  to  preserve 
tneiiigti  temperature  of  their  blood;  but 
ih6  cold-blooded  classes  are  indifferent  to 
,thc  couducting  power  of  their  exterior 
iiiovering.  Tn  the  Bshee,  there  Is  a  thick, 
soft,  gelatinous,  and  sensitive  skin,  inti- 
mately attached  to  their  muscular  system, 
and  which  Is  especially  strong  where  the 
superficial  scales  are  small  or  wanting. 
The  cuticle  is,  nearly,  as  in  the  soft  naked 
molluscous  species,  like  a  thiu  mucous 
layer;  and,  by  its  perlCMfleatehedding,  the 
Uvely  colours  of  the  rete  mucosum,  are 
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through  the  pdtodl  idfltf,  and  thlif  ft 
most  briUiant  at 'their  season  of  love. 

The  imbricated  scales  whfch  cover  their 
surface,  arc  strengtheued,  like  the  bones, 
with  phosphafi'of  ttm&  Mid  gtow  h/  9<io« 
cessive  layer:;,  added  oy  tlbi  ^Ofiasi 
which  they  are  fixed. 

From  the  necessity  for  free  respiration 
by  the  surface  of  the  body  in  the  am- 
phibia, the  surface  is  destitute  of  scales, 
the  corium  is  highly  sensitive  and  vascu- 
lar, and  the  epidermis  tt  very  thin,  Thd 
cuticle  is  oxuviable,  and  cast  a]>p^ently 
with  great  rapidity  and  frecpiency.  It  ap- 
pears to  be  thrown  off  in  the  frog  almost 
every  montli,  when  the  aidnial  ii  iwatdhed 
in  a  state  of  confinement. 

The  delicate  true  skin  possesses  a 
j  tough  fibrous  elastic  texture  and  a  high 
,  degi-ee  of  sensibility,  and  it  is  provided 
with  numerous  minute  pores,  from  which 
I  a  copious  secretion  is  thrown  out,  to  lu« 
I  bricate  and  protect  the  sarfoee  of  the 
;  animal.   The  bloodvessels  are  extensively 
■  thrown  over  the  sn])crtiLial  portion  of  this 
i  remarkably  loose  and  Iree  integument,  and 
effiaet  a  respiration  of  the  circulating  fluids, 
!  which,  during  hibernation,  i^  often  the  only 
respiratory  organ  which  is  in  action.  This 
'  cutaneous  respiration  has  lately  been  de- 
nied 1^  PAiriZZ4. 

'     There    is  a  beautiful  disposition  of 
'  colours  over  the  surface  of  those  epidemic 
developments,  in  the  dass  of  rc])tiles,  con- 
nected with  their  living  habits,  and  which 
is  perceived  only  when  wo  know  their 
living  history.   The  transparent  mottled 
j  hues  we  see  in  those  large  flat  sessile  Cfi« 
[dermic  scales  in  the  turtles,  correspond 
j  with  the  dark  and  varied  colours  present- 
ed by  the  nnrine  ]riaalivpoik  which  those 
animals  rest  and  feed  at  the  hotlom  of  the 
'sea;  so  that  it  is  a  means  of  concealing 
and  protecting  those  animals.  Other  che- 
Ionia,  again,  MhaMting  the  hmd,  are  of  a 
dark  and  almost  lilnck  hue  ;  these  are  found 
concealed  among  the  growing  shrubs,  and 
resemble  the  sui  face  of  the  ground  u))on 
whleh  they  reside,  or  in  which  they  burrow. 

The  rough  tubcrcnlated  surface  of 
many  of  the  saurian  reptiles,  such  as  the 
alligators^  the  eroeodilM^  and  ^  gavialsir 
composed  of  large  ossified  sessile  plates^ 
resembles  the  decayed  bark  of  trees  in  its 
colour,  and  even  its  iongitudinuUy  grooved 
and  carinated  form,  so  that  it  is  a  mcansr 
of  protecting  those  animals,  and  a  means  of 
concealment,  by  which  they  are  the  better 
enabled  to  secure  and  overtake  their  prey. 
The  beautiful  coloiuRB  of  serpents,  and  of 
the  lizard  tribes,  correspond  often  with 
the  colours  of  the  trees,  the  branches,  the 
flowers,  or  Hie  leaves,  auMmg  which  they 
are  most  frequently  found,  and 
whiiph  they  obUia  their  prey* 
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iwiiiiin  <■!  n  iwwBi  ut>iiiiii<ir^»nin<iitf  t 

Mib}aoeot  miMcles ;  the  rete  tntaiaMdini  ii 
colourless,  and  tWe  e]n4firnii9  thin,  dry, 
«nd  fcaly,  from  the  h^dk  tenipenUttre 
/•i  tlie  sarflMM;- -  ilM  'Kales  and  hflliv««rf 

other  clnMes  are  here  in  fomj  of  fettthcrs, 
wliicli  vai7>  remaskthly'  in  their  exterior 
♦  ^yiwwuM,  ^htlr^<»ldim^J<ltPi»,  roagni- 
tiid«>  and  9wetj  other  ehkractcr. '  In  the  I  dually  protrnded  fram  ttaii  ^cin  as  th6y 
nrctlc  birdi  we  ioe  a  great  development  of  I  are  developed,  their  b»dbt,  likiB  the  bones, 


the  «kinv  Vh^iiater&l  parellel  f!»t  fibi»«*?- 
velop  vrith  their  flat  ^nrt'aces  applied«laie 
to  each  otbcrv  aiwi  are  hookod^ogctharjky 
IIHi  •irtfUmd  fw  vi  mi  m\m 

prCMnt  a  boippdiit  'eui4Me  to  itrifce  tlie 
of  -  4bM»»4c«lben  are 
andgm- 


f< 


a 


that  aaltt  compact,  and  -downy  ibrmof  the 
TiiMiriBffB,  'WMrtfin  40m ^  the  iiiBttwiu 

birds  S9  hni  imperfectly  developed,  and  is 
here  beneath  the  larger  feathers,  and  next 
to  the  taHSaoe  of  the  skin.  These  form  a 
'>con>])act  dense  cuffvillig  WBXt  the  surface 
of  the  body,  which  It  one  of  the  slowest 
•ondveten  of  caloric,  and  keep*  in  the 

Htbttraction  of  the  internal  beat  by  the  cold- 
ness of  the  exterior  medium.  The  feathers 


being  at  firstiUied  with  a  Ikpudt  V^iicta  is 
•tlengUi  abMirbed^  :tt»  itHnyliDlMMAe 

a<Imis8ian  of  air  to  lighten  and  hidden 
these  tabtriar  homy  instrumesHf^  of  fligiit. 
Their  Morce  of  nouriehuMBt  ig$MmaMj 
cal  ^ifl^thah*  eonaexion  'wftth  thp  irifin?te- 
comes  absorbed,  their  oolonn  fide,  sad 
they  aM  caat  and  taaewed  ilke  i^hBn 
of  qnadmpedt.  .anom 
All  the  tegumentary  organs  arc  most 
distinct  from  each  otherln  the  class  roam* 


of  birds  are  but  hairs  developed  to  thatfonn  roalia,  as  are  all  the  other  systems  of  their 
llWimeeqoena>af<lM  Mgiiftiuipflialuw  Od  ecanomy.  Tha  triy  iWa^  pi cwnti  ctwy 


▼asciilarity  of  the  suriace,  and  the  extent  intermediate  condition  hetweon  the  thick 
Ofilie  cutaneous  recpiraHon.  In  that  elass  1  covering  of  the  rhinoceros  and  *  the 


popotamus,  and  the  delicatd  «OM«big  of 
the  human  body.  The  rete  mucosuinis 
most  obvious  where  its  colour  it  deepest, 
•8  in  the  daric  varieties  of  our  species|.aB(l 


or<«lilmal»  4t  is  highly  developed,  both  to 
serve  as  «B  int^uihenl  4o  tawifcto  their 

hlph  temperature,  and  in  consequence  of 
their  aeriiu  l^e,  and  the  vekx»ty  of  their 
nntkm  nqntred  hi  tht  tmauaiilid  m- 
diuro.  It  is  al$o  developed  as  an  organ  of 
progressive  motion  of  groat  lightness  and 
density,  as  we  see  in  the  quill^esUiers  of 
•Ifee  Wings  and  of  th«teifc<  VM  «hlowt 
even  which  the  feathers  present  are  inte- 
resting in  a  zoological  point  of  view.  In 
'^iMraiVw:  regions,  covered  ifrith  snovra  and 
•iM-  AnHiig-  the  greater  part  of  the  year, 
most  of  the  birds  that  frequent  those  cold 
I'egtons  have  a  white  and  uniform  colour. 
By  «bit  ttiey  MteraUe  the  mm 
around  them,  and  are  concealed  both  from 
their  foes  and  from  the  living  prey  upon 
which  they  nre  to  subsist.  As  we  advance 
taiBOM  tMMperate  climates,  ihe  colours 
hMtease  In  number,  in  variety,  and  in  in- 
tensity ;  yet  not,  however,  presenting  >  pose  the  horns  of  the  rhiMMeros,:aiiisiB 


every  species,  but  In  every  different  psrt 
of  the  same  Ijody,  according  to  the  pres- 
sive  or  friction  to  which  it  is  to  be  a- 
pMed.Xiha  ihaMhMi^  Wcds^  tfafeM 
grow  from  a  membranous  sheath  beneath 
the  eliin,  and  are  nourished  also  lq^»]Mii^> 
Their  extremity  is  protruded  aslHjinfe* 
ture  becomes  perfeelad  wllUB^aad,as.in 
the  feathers,  the  exposed  part  is  extre- 
vasoular,  tnseimhia,  and  incapable  »ifiseli 
of  «ro«rth  arnfmdMasi;  ^halniiM 
portion  is  continuity  protmding  as  the 
exterior  is  worn  away;  and  we  oh«ef|re 
the  same  mode  of  growth  in  the  na^sMi' 
claws,  formed  baHwacu  foldB d  the 
and  in  the  agglutinated  hairs  which 


hues  of  Hie  plumage  that 
are  <levelo])e4l  as  we  advance  to  hotter 
latitudes.    The  metallic  lustre  is  at  length 


the  iiennaiieat-  hanm  -ttaA  1M 1  haiifcff 

quadrupeds,  and  all  the  other  epidemic 
<levelopment«  which  protect  the  zurfaa 


IpradoaUy  introduced  along  wi^  the  more  |  of  their  body.  The  ^stiilwtiett  -of  ooIoib^ 
*  hrfllHint  and  lifelyooloiiraef  ihepkunage;  |  on  th«  iaacg'tf  <yirinipsili» 

and  as  we  approach  to  tropical  clitnes, 
'  we  find  thiM  the  birds  rival  the  insects 
and  the  flowers,  that  display  as  manifold 
ftUd  hesMtffhl  colours  all  around.  Thus 
^'Wt'SeC  the  surface  of  the  humming  birds, 
^'fhe  parrots,  the  l»irds  of  paradise,  and 
htaiiy  others,  t»«M«tHM  "Wilh  fMPMlmis 
gems,  and  with  lustrett  that  rival  the  po- 
ii^hcil  siuface  of  the  precious  metals.  Now 
these  light  tabular  instruments  of  «K»tion 
Miv^ihelf  sotid  homy  matter  dispaiei^asip 


the  tengheiwrfqiMidii<|»d%liii*itif^^  <wto  imtilyniniii 


sity  and  compactTtess,  obey  the  same  law 
as  are  observed  in  the  plumage  of  iMHii, 
and  the  tegumentary  organs 
the  inferior  tribes;  Tha^whiHallcieossoflhe 
arctic-fox  and  the  polar-bear,  and'Ae 
alpine-hare,  are  bestanked  te  theirliah^* 
ihelr  hftMicM)  MditfMbMn^M* 
ease  ^ivlih  the  daristiiwvtrihB^f  inbterra- 
nean  moles,  or  of  no<Jliraar  liniasaU,  as 
bats  and  rats,  and  iMao^f  'The  rsddi^ 
bixMm 
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of  tire  aettiaif  w^for^Mhe^nmily  pkkia^n 

SivMMllllSttl^  1 

ted  flMco  already  olMvliMtiiiillM  wm-^teer 
dimcoted  from  the  titertts.  Th«  rnctalHc 
Inalre,  to  rare  in  quaUm|ietis,  is  spkiiMUd 
•te  the  (dMryvochloris.  Th«  ibairaof  quad- 
ni|)^s  nre  deciduous  like  the  plumage  ot 
)HBd»)  yHtMk  their.8iiQWtbcsjxni|ileted«nd 
-MriaMb^iM  Mb>mA4»ttH»  are 
absoi4ipd,  their  colotti!  Mbi^-*llM|nwrtok 
sad  fall  foam  (be  11110.  .  i. 
•  'fiflBtb  age  thaiwriiw  of  the  tqgimiaalMy 
aigant  appropriated  to  tbe  diffMraat  cteMea 
of  .anttnalft,  ami  !>tich  arc  the  various  tys- 
Mmn  of  organs  whit  h  aro  asyifpaed  to  ani- 
wUSwtlMir  iiMliviiiiMaii«liMiiB»  to 

'  g 


nature. 


OW  THK  OFVERATPVE  SYSTKM  IS  THE 
fUUUTKO  UK  CVCU>  NKliHUi»^ 
......       .  .    CI4^8E8.  ,.  . 

Thr  organs  of  nutrition  and  of  relation, 
wluek  we  iiave  ban  ittftkerto  coaaideriug, 


nite  acriea  of  such  generations,  and  of  in- 
dtwidMahi.  aB  nearly  rcseniUing  tbeai,  we 
fiama-.im  «i)sanio  tpeciM,  and  aeoribe 
theitt  to  natutfe.  AU  forms  of  aaafeter 
pear  to  have  a  capahiiity  and  a  tendency 
to  itecome  ocgaui^ed,  as  all  oi^;anic  Sanaa 
tend  to  higher,  vtaget  of  develepmeat^  Mid 
chemical  analysis  shows  the  highef«t  as 
well  as  the  kHiiest  Igrats  of  ^ocgauic  baiags 
to  oontitt  «f  a  atinplkatad'  aggregstoiof 
mineral  gases  and  liquidtandsolide.  These 
organised  aggr^ates  once  Ibrmed  fi-om 
their  eteuents,  all  possess  alike  the  means 
of  transmitting  their  fornu  ^  gtamriWi 
which  h  eftectod  hy  the  fiepsration  of  a 
portion  of  their  substaaoep  wb«»i  their,  own 
development  is  coraplMai*  BnftaHlininh 
this  function  is  the  most  universal  in  or- 
ganixed  beings  and  often  require*  a  fia«D- 
plicated  ssrtiMn  of avgna for  ilvpaArMi' 
aace,  ve  observe  the  lowest  tribes  of  ani- 
mals to  possess  the  nicuiiii  of  continuing 
their  race  with<Mit  a  trace  of  distinct  gcne- 
NHkive  fNrgMl.  I»  the  iMdygastnc  ani« 
malcules  we  commonly  observe  the  sim- 
plest mode  of  generation,  where  the  parent 
itody  tpontaneouely  dividefb  and  each  por« 
tion  assumes  the  form  of  the  entire  ani- 
mal. Ttiii ,^4mftarou4i  mode  of  geoeraiUon 
MtMnalt  ti-tfmim  fcr  a  |  gradually  Icadt  ta  the  ffeamiparowi,  whi?h 
limited  time,  to  live,  to  grow,  and  to  feel ;  is  ooQiraon  to  most  of  the  higher  radiated 
but  while  myriads  of  individuals  api>ear  classes,  and  in  which  distinct  portions  are 


and  disappear,  like  pasiiing  shadows  in 
wi^npMMAdBt'liMapeoies,  or 
cal  forms  of  f^ups  of  animals,  are  still 
asolonged  an  the  eaxlh.  The  species, 

pose  tfaein,  hare  also  their  limits  of  dura- 
tion* Tha.lile  of  animals  exhibits  m  con> 
tianai  'a^riit  «f  eliaii«es,  whieb  ooeaay 
ao  short  a  period,  that  we  can  mmriMy 

trace  their  entire  order  of  succession,  and 
peiccive  4lie  whole  chain  of  their  meta- 
WHOtfkmmt*  Bal  the  metamorphoses  of 

itpfcicf  jMoeed  so  slowly  with  regard  to 


developed  from  tbe  body  of  tbe  parent, 
which  become  detached,  and  assume  tl^e 
entire  form.  In  most  of  the  h igher  classes, 
from  the  radiafca  to  tbe  manMnalim-  the 
geaaiatiaa  ia  ••ipmmt»  whfcf  the  ganat 
before  their  evolution  are  detached  from 
the  pacant  bgd/t  samHwded  with  mem- 
hnaiM^  aai  aaomed  In  a  tac  of  nittdtiout 
laatter  provided  for  their  devali^nawttln 
tbe  embr>'o  state.  In  the  viriparoua  mam- 
malia tbe  ovum  is  early  batched  within  the 
had}r»  and  the  embrfo  adraaoee  to  a  higher 
stage  of  development,  by  again  becoming 


us,  tlMU  wreoaa  neither  perceive  their  ori- 1  organically  connected  with  the  |»areni,  be- 
ghi,<hili  laataiHj^  nor  cMr  decay,  and  |  ma  it  !•  filially  dataehad  to  aaMnnoaM  in* 
we  asrritie  to  them  a  kind  of  perpetuity 
oa.the  aarth.   A  slight  inspaotiaB  of  ihe 
'  aagaaia  telfcta  deposited  ia  tba  omit  of 
the  gl(riie^riiows  that  the  forms  of  S|)ecies, 

and  the  whole  /oology  of  our  jdanet,  have  i  rally  accord  with  the  condition  of  the  or- 
Iteeii  constantly  changing,  aiMi  that  tbe  i  ganiaation  of  the  parent  houy,  and  with 


lependent  existence.  AU  these  forms, 
however,  are  but  different  atagas  of  tbe 
davelopmeat  of  tha  anbryo  before  its  fiaal 
separation  fitMn  tbe  parent,  and  they  seve- 


organic  kingdoms,  like  tha  aarfisoe  they 
inhabit,  have  been  gradually  developed 
from- a  simpler  state  to  their  preaent  con- 
'4Mta»  Tfcuaitoar  oiwngfs  are  regototed 
by  the  laws  wMA  preserve  individual 
iorms,  and  chadi  tha  transmission,  hy 
gtautatinn.  of  modiftcatioiis  suddenly  in- 
•duaad.  Although  ao  animi  M  anctly 
produce  its  like,  tbe  progeny  arc  so  nearly 
aMoh,  that,  fur  all  the  purposes  ul  huieoce. 


the  altostlan  it  aocapiaa  in  :tba  fnlaof 

beings. 

In  tha  uHMt  dissimilar  foripi.of  poly- 
gatliia  animaloulnf  tha  telparaa*  awpe 

of  generation  is  distinctly  perceived,  and 
it  often  takes  place  in  species  w  hich  are 
also  capahle  of  producing  by  the  deve* 
lopment  and  sei>arattou  of  gemaiulcs. 
The  divi^Hiou  of  the  body  most  ftequcntiy 
Lakes  place  inn  transverse dicection,.often 


ioMM  .aa-idaMiflal  adth  iln.  ^laiiaitndiaaLaadin  ttWMii  snarifa  wn 
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PaOF£6SOR  OftAKT  ON  THE  GfiXSRATIVB  S¥ST£U 


obwrve  tlie  body  to  divM«  at  oh«  time 

tmniverseh',  arxl  nt  RnotKer  in  a  longi- 
tudiaal  direction.  They  diride  only  when 
tiijr  bAve  ftttalaed  tMr  iMtam  tdiroen- 
eions,  awl  v^  ith  greater  quicknet*  and  fre- 
yiygy  tbo  more  they  are  aoofliflied. 
WiMA  lira'  dlvMMi  It  WM^  to  triM^'illMM 
!n  a  traTi9vei^o  clh  cction,  the  whdle  bod? 
lengtliena,  a  Uuuspai'eiiGy  n  observed 
acron  the  middle,  as  if  by  the  {»re|Hiratory 
4ivi8ioa  of  the  stomaoh  and  fitU  wMMa ; 
and  nt  Ipnp^h  nn  indcntatioTi  or  contrac- 
tioa  IS  perceived  at  each  end  of  the  trans- 
vsfto  '■vMwparent  '1ine«  The  contraction 
^tending  Inwards  around  the  middle  of 
Ae  bodyi  tha  animal  appears  as  if  com- 
|MMi  «f  tw*  MmMlm  iMitMiiali  of'  Ulie 
•ame  form,  united  end  to  end.  The  point  of 
attachment  continue?  to  diniininh  till  ihe 
two  distinctly  formed  though  siiiaiicr  aui- 
rnolealea  becoaw  ilBlwlied,  end  m 
tinetion  of  form  or  size  can  be  per- 
eeived  between  them.  Before  their  final 
to|NMPaMon  %  have  mvm^  thsev  obaetf^fed 
both  K'o]pod:r'  and  trirhoda;  ino%nnp  rapidly 
to  and  fro  through  the  raoet  crowded  part 
of  the  flnid,  and  among  the  loose  ]^H<ticles 
of  roveoai  or  other  matters  lyingr  at  the 


gemtmitte  are  d^si^eSopOdi  fVcMn''Mill  tsllif' 

rtn\  mrf^ce,  flrrd  oi»rajK>  hy  art  apwtmt 
horn  the  parent  sac,  when  they  become 
fra^  Mi  kMW'  Mtatoed  Ute  eon^tion  «f 
structure  necessary  for  their  inf^cjjf^dent 
existence.  We  can  often  permve  gcitm* 
"dcHi  ^sHIitn  g^nttBtiMk-  m  tlMSfe  aafMli^ 
hy   lookine:   tbroti<>1i    thtir  Iransfinrent 
parictes.  The  portico  lice,  keronee,  and  otiier 
genera,  ve  observed  sometinlies  to  prodQce 
mmtli  gemnrales  flrom  the  exterior  smtet 
of  one  end  of  their  liody,  the  antijrwr  b 
the  kerona,  and  the  posterior  iti  the  v(r- 
tioeNa,  Mt4  thes^  gemOH!^  gfaMy 
increashig  in  <v/x-,  anfT  aoqitirinr^  the  form 
of       parent)  become  detached  frofs  ill 
body  and  UMon*  indtpudaaH-mHi' 

ence.  Baxkr,  GL¥.\c^1KS,  FiinrxBKRO, 
nnd  others,  consider  the  polygastric  ani* 
ruaicuieii  as  capable  also  of  a  true  ovip** 
foot  nrtmle  of  generation,  and  you  ^  ob- 
serve in  tliP<;p  figarcs  of  E^Rf!XBf;Rn  tbe 
ko^oda  cucuUwt  r^resented  as  in  the  act 
of  cacpelUng  titam  anal  ofUlce  a 
of  ova  enveloped  in  n  fine  retir  Tibte 
stance.  Where  individuals  of  kpova 
species  are  seen  with  dimeiM^oa*  tntfltt 
than  those  ixnumonly  prodnced  by  tbefb- 


bottom,  as  if  they  sonpiht  to  aid  their  se-  siparont  or  the  gemmiparons  mml»^<»  of 
paration  by  impinging  against  the  sur-  generation,  that  (Ksting»bhed  natnraiiit 
tandliif  BljBtlii  This  is  the  gawuin  |  considers  thvni  *l  lMli«te^%een  dtoveteytf 
mode  of   {^(^nrration    tn    the    frichoftn,  or  hatched  from  ova,      we  ^^ec  the  yoong 

aetidimmf  koi^ia,  Jk^r^M,  eneMy*,  and :  developed  in  rolifera  atni  inghcr  c}ft«9«% 
I'Uktf  alHiplcr tnomdfcat  fotmt  of  anhwaU  «tod  1m>  mgta^b  Mm  mlstttely  gran^Iate^ 
cules.  Sc  vora!  of  the  kolpodcf  anil  irlchodff  |  appearance  of  the  interior  j)ariete8  which 
however,  are  observed  at  times  to  ex{mnd  we  perceive  in  the  ko^teda,  paraineehtm, 


transversely,  and  to  divide  in  a  longitu- 
dinal direction,  by  the  same  process  wMdt 
nt  other  times  they  exhibit  in  a  transverse 


and  other  large  animalcules,  as  produred 
hy  their  roilcttlate  ovaria  distributed 
around  that  part  of  tiwi  body.    Sothe  of 


diroction.  Tbe  divbtosi  in  a  longitudinal  |  the  larger  animalciilcs  have  been  kept 

'  -  it- 


fgmmMf  fifOM  oaa  en-  { isolated  Ibr  Av*  m  ibr  day*  vithoM 

tTPnnty  nf  the  hofly  tO  the  other,  <?omc-  (  viding  or  prnrlnfinn:  in  any  Other  wnv,  nii<! 
tttne4  fiotn  the  posterior  and  sometimes  then  have  divided  twice  or  thrifre  in  one 
^wwtheaBlwim  mwwilty,tothe  opposite  night.  Wwm  the  rapidity  of  UtoMeeci* 
end.  The  vwticetta  are  observed  to  divide  sive  divisions  of  the  body  observed  inUie 

in  thi^  lonc;itwdinal  direction,  from  before  ]  polygastrica,  it  is  comj>uto<l  that  one  in- 
buckwards;  theii' bell-shaped  liody  expands  ,  dividual  in  seven  couttecutiw  days  might 
transvemriyv  their  donbly-ciliatad  rtrcu>  |  produce  a  mUHon  by  tMs  node  of  gene* 


lar  free  extremitv  divides  into  two,  the 
division  exten<U  through  the  body  to  the 
pednncle,  and  haliHdUiped'  poiliMM, 
v.hen  cori-qilrt':  (I,  escape  from  their  base, 
leaving  the  peduncle  to  perish.  This  lis- 
siparous  generation,  common  in  aninml- 
sitles,  ^-as  considered  by  LAMxacx  and 
others  to  bo  inconipatihle  with  the  exist- 
ence of  internal  organs,  and  was  emploved 
d»  m  m%mm»  In  tvnm  «fllieir  inter- 
nal homogeneons  composition,  nnd  their 
novriahment  by  superftciat  absorption. 
'  MiMiyof  the  polygastrtcsi  are-oapiMe  of 
n  gemmiparous  mode  of  generation,  and 
the  reproductive  geniwules  are  sometimes 
developed  intemaiiy,  and  sometimes  on 


ration  nionp— a  ferf:!irv  ^t'lrpassing  Ail 
of  all  other  known  organised  li^ngs.- 

Tba  porifefOfM  anifiwlv  piMwnt  tn 
internal  gcmmipnrons  mrnlr  of  ^i^nerntion 
in  ail  the  species  in  which  this  Amctioa 
haa  beev  examined*  The  gemmules  are 
devHrioped  in  the  deeper  parts  of  the  pa** 
renchymatons  or  soft  cellular  snhstRnc^e  of 
the  I>ody,  i>etween  the  parietes  of  the  in*' 
temal  canak;  In  the  apedea  of  imr  «lMl 
coasts,  the  gemmules  make  their  appear^ 
anco  in  the  earlier  ^t  of  tbe  wintei^ 
when  the  eellnlar  or  fehntdhui  wMm  n 
who  most  abundant  throughont  the  whole 
animal.  These  reproducti\'c  bodies  at  fint 
appear  as  minute  opacity  yellow  points 
'       "  '  '  ia  -iNlip««ll^diiN 


face  of  the  body.    As  their  dcvelopinent ' 
pnoict^s,  they  increase  in  number,  they 
l(e^€)(V#.Iai:ii<Qr,  m/ote  opaqucj  more  cou- 
mmt,  .of.  a,.lHfdi«fr  yellow  poloiuv  and 
from  bcini;  minute  round  points,  they  as- 
.lump  >  uiQfi^  veguUr  ovft0  iigyrip.  .  In 
'#)HWt  two  iiNAllit  aftev       «r9  UmI  per* 
pftpi^ible,  the  greater       of  the  genuniiles 
have  completed  their  ovate  form;  (hey 
&\\id.  detachiad  from  liheir  coanexion  with 
pdlidir  tinaA  «f  liie  parent  animal, 
they  are   quite  perceptible  to  the 
vif)fi^  eye,  beiog  fUxtut  the  filth  of  a  Uneiu 
|«^igtb»  fUifi  the  tenth  of  a  line  i«<krM«Uk. 
y^fm  Pfiite  portions  of  the  gelatJuout 
awbstance  of  the  i)arcnt  are  ciliated  over ! 
tj^(^ix  w^oie  surface,  e^(»p(ing  over  their  { 
poaterior  tapering  extramily,  «a4  wliea  j 
we  exaniine  theru,  before  their  maturity,  j 
aectiouii  of  the  animal,  we  observe  them  i 
attached,  by  liiis  tapering  unciUate<l  por- 
tion, to  the  internal  parietas  of  the.  deeper 
canals,  while  their  ciliated  |>ortion  is  free, 
^osejittlo.reprodiuitive  hodieS)  a(  6r«t  of 
lk.,iroiind  fona,  molt*  pfiUucid,  mad  tfanoat 
gelatinouii  in  their  tWhire,  a^turaa  gra^ 
d^al^  this  consliitence  and  ovate  shai>e  as 
j^b^y-.-advaui^  to  inaturity>  and  tliey  are 
iPlfj».to  oetKOKiakate  witk  the  kitaiW  of 
the  canals  that  ramify  through  the  body* 
They  ,  are  seen  protruding  from  the  gela- 
tinous partetes  of  those  internal  caiials 
Mito  their  interior  MfvUy,  ai^  upen  direct- 
ing the  microscope  to  theii*  wider  rounded 
UH'face,.  which  is  fr^e,  that  ejcterior  sur^ 
npa  01  Him  atiU  uudeMied  gpoimiiletM 
seen  to  be  covered  over  with  cilia  that  are 
in  constant  rapid  vibration.    Thus  these 
g^U^mulfis  assist  in  their  own  separation 
aiful4Uud  ejipoUoa  fres  the  parent,  as  in 
zoophytes.    The  rapid   action  of  those 
ciii<i  tends  to  pull  them  from  the  swface, 
to  lengthen  their  form,  to  aerate  and  de- 
valop  their  structuiM*,  and  to  dlefgage 
themselves  altogether;  the  streams  that 
arc  constantly  rushing  iu  through  the 
pores,  and  out  ftom  the  veote^  oarry  away 
from  the  intoiior  and  from  the  surface  oi 
the  )>urent,  the  reproductive  gemmules 
^ti44cd  u>  continue  the  race.   The  soft 
■jib^toom  WMring  gemmules  of  the  pori- 
vidieu  newly  detached  from  the 
t|9fl^t.  ace  found,  in  the  coouQOU  balina 
pji^iom  oC  our  coa«t$,  to  oenilda  already 
fliiceous  S|Mcula  developed  within  tkkeir 
interior.    They  continue,  after  their  ex- 
uulsion,  to  move  to  and  fro  iu  the  water 
Vy  the  Kpidvi|«nitiona.Qf  their  eilinfim 
a,  Umitcd  time,  when  they  sit  length  fix 
them^lvcs  in  the  position  best  suited  for 
their  future  development,  and  which  is 
pf^auliar  to  each,  species ;  some^  witfe  {MO* 
mincut  papiUse,  growing  bei>t  upon  a  per- 


wiHraut  papiU«v  opon'  tlie>«adeff  twt  feoe  tof 

oblique  or  ovwhanging  rocks ;  and  some, 
with  delicate  branches,  hanging  from  the 
lower  awrfam  of  an  inclined  plane.  The 
wbolt^mriiiwi  of  the  My  in  those  repro* 
ductive  gemmules  is  not,  as  in  those  of 
zoophytetD, , covered  .over  witk  TibcatUe 
cUia;  itiivCivered  y/HUk  dOim  oMvalUlM 
anterior  part  to  about  one-third  fron  tlie 
tapering  posterior  extremity ;   and  in 
watoliiug  them  beginning  to  hx  on  watch 
glawee>.  under  the  mionosoopek  we  tei 
that  a  part  of  the  unciliated  surface  lot 
touches  and  fixes  on  the  watch-glass, 
wheii  the  ifhole  of  -theiSNnniulc  spreade 
itself  out  on  the  ghun^  and  grqw«  in  the 
form  of  a  flat  motionless  film.    When  it 
is  thus  fixed  by  its. tapering  extremity^  and 
beginning  to  spread  oal^tfa*  dHaaiiMliA 
observed  continuing  for  a  short  ttoia  fa 
vibrate,  aiid  they  now  clear  away  by  their 
rapid  action  the  particles  of  loose  or  doat- 
ing  dnak  at  the  bouom  of  the|^ia%  an  fha 
surface  upon  which  they  have  to  spread 
and  to  giw.   When  they  have  spread  out 
inte  n  iafc  eartendodl  tiempaiiiil  Aim,  we 
oan  see      gradual  api>earance  of  ncwly- 
Ibriued  spicula,  both  iu  the  central  cellu- 
lar tissue  of  the  body^  and  in  the  more 
tnuispavent  hoawgenaone  mai^  eC  the 
growing  animal.    Those  spicula  appear 
suddenly  in  their  places,  at  once  luUy 
fiormed,  and  are  not  at  first  seen  as  small 
fibres  that  inenMia  hp  the  gradual  ad^ 
tion  of  matter  around  their  circumferefice 
—  those  minute  crystalline  spicahi  that 
form  tlM  ekeletoae  of  inoifc  of  tba  'parilh^ 
rous  animals.   Those  crystalline  bodiee 
have  a  definite  an-angcment  in  the  deve- 
loping body,  wliich  is  uot  perceptible  at 
first,  when  they  aea  few  and  iaohledf  hm 
when  the  ])orcs  make  their  app^inince, 
and  the  fecal  orihces  become  visible  on 
the  surface,  aU  manifest  a  perfect  harmony 
of  arraugeamt ;  all  that  at  first  appeared 
to  be  thrown  zig-zag  in  confusion  through 
the  gelatinous  growing  uiemhraoe,  at 
length  manifest  great  eynnnetry  and  nw* 
thod  in  their  distribution,  %\  ith  i  elation  to 
the  pores,  canals,  and  orifices.    The  gem- 
mules, while  free  and  swimming  by  the 
^Mmtaneotts  movements  of  tlieir  cilia,  ap* 
pear  to  be  sensitive  to  light,  as  they  aie 
observed  to  accumulate  and  fix.  chiefly  otk 
the  dark  or  shaded  parte  of  the  vessela  im 
which  they  arc  placed,  and  they  are  pmH 
hably  guided  by  the  influence  of  light  to 
the  most  proper  situation  for  tiie  diflisreut 
ipeeiea«a  adheso  to  nod  to  grow.  They 
present  no  external  aperture  nor  internal 
cavities  wiule  they  are  la  ihi^  free  condi- 
tion of  iufiiseria,  tlieir  motions  are  equal, 
smooth».(aiid  glidiog  tbjrough  the  waieiw. 
and  they  appear  to  he  conscious  of  each 
o^t;'a,pceiH».iWj^^wh!iiK  lb«y  approach 
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to  each  otber  in  nrimmhif,  »  they 

tn  trreKt  their  cotir^e  and  to  •«fnt 
Ibf  ft  •hort  time  rotiiid  each  other.  Thtj 
appear,  hy  their  cnmtenC  fliilB^  mJfcwj, 

to  «t<.'k  for  a  «iirtaWe  ])?arr-  for  their  fti- 
Cmv  deyeh^fnent ;  but  -^  t  cannot  detect. 


wnicn  uwv  niowiMBa  w  wr  wnei^ 

feffiilafM. 

The  zoophytes,  like  the  porifera,  are 
|{«Mfrf1paftmt'thinials,  hat  theyfiresent  a 
ffreat  T^trietr  of  distinct  fornix  of  this 
mode  <rf  generation.  They  preaent  no 
MMMMOtPiAf  tex,  they  are  all  pradiwlivv, 
aW  fcmaTe,  like  the  other  radintod  clas^e*^^, 
and  like  all  the  no-named  hermaphrodite 
fntertehrata.  Some  develop  tlie  gem- 
nralM  esrtemafly,  in  othen  they  arc  pro- 
rfoced  within  the  hody  of  the  parent ;  bnt 
whether  the  rcprodnctivc  hodtes  are  de- 
irddped  on  the  snrfaee  or  In  theinterior, 
they  nre  rtill  )«ac-le<«  portions,  or  naked 
embrftM,  detached  from  the  parent^  in  a 
dtfnAnlott  caj[MlM^  of  gradually  asMinlof^ 
its  form,  or  after  they  hare  already  ac- 
^ircd  it.  The  nimplett  external  form  of 
gemitiiparons  generation  is  presented  tons 
in  the  common  fresh-wAtfeif  "polype'  or 
hydra,  which  abounds  tn  our  «fncniant 
ponds,  and  in  similar  titnations  in  most 
pMtr  offh*  |^k>be.  'Y^it'ltnlat^d  polyptt*, 
or  simple  dic^stl^'C  sac,  with  a  variahle 
number  of  urchensile  arms  extended  Irom 
ftt'Miifil  ihif  <lflll<^/%lMMAf  out'  Uttfv  ImmIs 
from  the  middle  of  its  extttriwioirftce. 
Those  mintitc  fleshy  Irads  6xtcnd,  and  at 
length  form  the  same  kind  of  hollow  sac, 
nnil  from  ttfound  Hs  margin  small  arms 
begin  to  httd  out;  and  so  a  distinct  new 
being,  like  the  parent  hody,  is  developed, 
«lMl"t«nitfM  fw'ftlfiiritM'ttme  fntion- 
nexioTi  with  the  surface.  SomctiTncs  this 
bud  is  detached  in  the  undeveloped  condi- 
tfcWK  tif m  round  gloht^  in  the  hydra.  The 
animal  Is  also  capable  of  dividing  its  hody 
transversely  into  two  heings,  like  the  fissi'- 
parous  polyguMtrica.  The  newly-developed 
genennon  of  external  budt^nrm  MnreClntes 
be  observed  to  develojj  n  second  generation 
from  their  surface,  before  thev  themselves 

tWe  body  of  the  volvox  among  the  nnimal- 
CMes.  I  have  observed  the  little  hydva 
tmltteirfrom  the  parent  body  while  la  a 
glass  t^*  fVMh  water.  TheiMrent  animal 
httft'ched  to  the  side  was  moving  towanls 
the  lighted  side  of  the  vessel-^thcir  accus- 
tomed mov«ment^bn6  of  the  yefirhgr  iH- 
ready  developed,  ntid  still  attached  to  the 
mitfaceof  the  parent,  Axed  its  little  mouth 
;totfa6  tilMieetyrthe  gks$,the]>iir«ht1ib(ljr 
^fmrnntilng  on  Its  fnarch,  by  fixing  a'her- 
JttftMy  its  caadal  and  its  or^T  disk,  like  a 
^1|||diiereepitig'  on  the  tani(r  surtj^eej  the 


I'  yt^vn^  anil  -Mie  * 
tffree«ibft%  and  tfana  tlw  two 
aftmder;  the  little  one  coMttimMd  itiyM*i 
^  tions,  and  waa  now  eowpelkd '^^"^ 

«everal  q*neration«  of  those  little  bydw 
ail  nnited  together,  aod-forroim-  a  lamiisi 

'  ftfefhjf"  ftgijivgat^  •f'  rtlVfAo  4iyAni^  IM^ 
ramifled  vortioelbe.   Tbi^  simple  anode  of 

'  extemsl  e^mmi parous  genetaHott^tlMliMMt 
to  take  place  in  the  bydctt^VWlieliMI^  |«# 
turn  it  outoide  in,  ^  toavtA^M  wMNH 
faces  in  their  ordinary  position.  Ifyottnni' 

i  it  otitside  in,  when  the  ammai  is  <twMia» 

tive  "nirface,  and  what  vta^  before  the  ge<« 
nerative  surface  now  become*^thejtffla»i 
tive.  Thea^  retnarkable  propMMdM 
Hie  eictrerae  simplicity  of  tte  wlR)le  <N^ 
gantMtion,  where  all  portions  of  those 
atiimals  possess  the  same  properties,  sad 
are  capable  of  tmllttWilt  Hi^'^iaaHtf^vitll 
phenomena.  You  can  almost  mince  te 
atoms  this  simple  digestive  sac,  oamposiog 
tile  hydra,  iHthMietkoylnrg  {tyvMI  fM- 
pertles,  and  its  rcmarkaWo  powers  of  re- 
production.  In  the  ac^a  the  gemmulss 
aredei*eloped  within  the  bo<l}',  aMlI4iai« 
often  dissected  them  out,  completely  fiuMtf 
wl,  from  thebodyof  the  small  aetlninntft. 
They  were  aimoat  colourtess  and  trai^pa^ 


deH'cloped.  —  ' 

A  more  complex  form  of  geromipattiM 
getitflitlBtt'li-loMi  In  MiUtoMiliMI^  tanf 

tnhuhu-  Jtoophytes,  wll«fo>the  fteshy-  lob- 
stance  of  the  animtil  is  tontained  in  tliS 
interior  of  the  homy  tcxlure,  as  io  tfrtnUh 
ritf,  phimtdaritf,  campaonlariie.  At  certila 
determinate  points  of  the  body,- diffei^ 
bnt  constant  in  each  apedes^  we  ohserfi^ 
gradually  proMwibd :  Mi4>4oeekipe<l'4i(| 
^oft  condition,  small  and  variously  formal 
gemmiferous  vesMet.  In  campanolariiitlM 
gemmutit  ore  «e^o^M'fweat)aalet««Ml> 
in  tHetUNnl  viesleles.  Those  veslcltMiMN^ 
times  come  out  from  the  axilla?  or  pointt 
of  junction  of  the  branches,^  and  soAm^ 
titnes  tliey  iire^ev^lopM  ln<the-<eMine)<il 
the  branches,  along  with  the  cells  of  tM 
polypi.  They  are  at  first  soft,  trastseanMil 
TRTn,  afntr  wmjrT'Bacs,  fwnf  msir  t^^m^^^ 
terior  not  yet  consolidated  j  and  a  eOftsf 
internal  membrane,  lining  ^be  nbokV^ 
filled  with  a  thin  oolbuvlestf^igelailtfMI 
substance  -wfilch  corinMufticalM  i^ith 
fleshy  imrt  of  the  bwly.  In  thte  ioterit^i^ 
at  the  bottom  of  tb»  gemfffifiSM>iii»4«sickh 
'thd-'Mll'  iil^MMiprt«Mi«eeiMlttB  tMkfukm 

RSStimes  n  more  condensed  apj)eftmrt<fH 
and  something -is  80011' ti*  %0  «ls«oMar 

g^eraf  lleiAf  tM#flOtt  bf  ^  «lUf<ttiilMia)4taM 
which  it  is  always  developeil. 
Tills  organi3ie4  ^rtttm  vl'lhe  HMMMi  of 


IMA 


liltifaiM<iWtHilH  i||piWM^s«4wrqf||)S;ivy^  I       highly  .orgi^iiubQd,  cUlii^f  gfij^tltWilt 

it «  narrow  portion,  like  a  chorv}|inM>  the '  boUieji  ia  wesc  tulmlar  keii^tp|4i}'te«.  They, 


DUlUUfi  iO(>^Q  J  iAfcerior  of  Ihc  Yiosio)^ ,  fund 
D^lti  to,ilMicoiiattctcd  with  tt»  base  of  the 


q^ova  i^owly  ta^n^  ff:^li|^  ,«jiiQ)i|k^aeii, 
^i^i,  appfireoMrr  tki^r  •  mugn  of  neiitleii^ 
beioj^,   TNy  Are  here  highly  irritable  f 


vesicle  by  fleshy  chord«»  q^Ued  by  Mr.  if  they  touch  a  particle  of  sand,  or  n  Ahre 
£i»MH>.M[nbUical  Qhorii)9«  Wl^^Qnitei^Qp '  of  ai^y  s^^tAAc^;in  their  .Y(t^v,,^eir  boiU^ 
tbigr  kfAp  up  ifriAh  tbe  flesliy;  aiibBtaocfl)  •luLdeiaj^.^p^^ 

occupying  the  interior  of  all  the  ramifica-  da],  or  some  other  shape.  I  speak  now  of 
tiKHM  luttilthey.  are  fuUy  dfiYjelo|>e(l,  unUL  the  irritability  of  the  swimming  geaiinule* 
tk#x  have  acquired  theiis  enti^§ij$9f  a\«  I  of  the  ^bu^  pulypifera;  ,  thftt  pheno- 
iMllg  their  minute  vibritil9-(n}i|l.4<ivoioped;raen<mlUM  not  been  witiieatied  jn  the  cili- 


upon  feheir  «iu  face ;  tlien  the  conoexiou  is 
ab«orbed  and.  JliOJit,,^Q,  Q^/.sMbitaacf; 
oosmposing  itliA.  .wnbilM  ,elliwd«  diMp 


ated  gemmulcs  of  any  poriferous  animal. 
Those  filiated  .  fiep  gei;u4U,ule«  tbua.s^ijipn 
BOUg  abo^t  vsUik  tbmr  bighly-ifrttalU^ 


peara,  the  geoimulea,  arrived  at  nia^urity,  bodies,  changing  frequently,  their  forn^ 
now  move  freely,  by  their  vibratile  cilia,  in  |  contraicting  it  in  various  directions  as  they 


tbeiakecior  pf  the  vesicles,  and  the  vesi> 
cte>  iM^  /Undergoes  a  ^tange  by  wbich  it 
is  prepared  for  their  escape.   We  observe 


glide  along,  continue  ^heir  vibratiptui  for  & 
short  tine,  until.  Jbgr.iCHpe  mkmwsinmtifi 

they  arc  ninde  conscious  that  they  arc 


Ibat  by  the  rapid  and  sypnt^noous  Mtion  iokachiing  a  surface  suited  for  their  attach- 
eCi;>ilkei.  litUe<  vibmtfla.  qUia  disposed  imi^j  they  pure  in  the  best  position 
MOiMMi..tiie  flurfaoe..ftf  iIImb  reproductive > for  AlWg*  then  they  fix  their  bodies; 
gemmules,  that  they  are  preiiared,  hy  their !  they  spread  out  in  form  of  a  flat  and  thiji 


owa^  ilocoiuotivfl .  p^wera^  j^l  escape  fiom 
the  TMniflle  wWiPtii  the  .eid'doC  my 

tlidtio  >or  other  motion  from  that  capsule, 
which!  Such  a  dense  homy  texture  pould 
not  prpdnoev  The  birth  of  tbea?  gem- 
nmleaiiiAjbeir  own  act,  and  aot  the  act  of 
the  parent  ;  it  is  a  beautiful  provision  in 
t^.ioBTiiMdiefj^f  zooph^(i^.inr.hicb  could 
iMt  aeeilt  in  tiie  expulsion  of  .Ihe  gcin< 

Yon  observe  that  the  capsule  which 
Gaoiains- tbe  .iieotmules  is  (^osed  at  the 
t0clNMilfi..|»y  a  ,tmapafen|  cover- 

akor  operculum,  which  at  length  drops 
in  the  oviferou^  ^psules  of  gattero- 
Hide,  .and,  thepassage  hi  )^  /re«)y  opea  to 
ftoi  lii|^«Mi  qf  the  water,  wneu  the  gem* 

mulei  ace  mattn-ed;  they  feel  the  new 
•tiflndua  of.tjb«.e<kerAai  /^mf^U,  they  are 
•aeiMlMi.inefe  .lively  fwliim%  ||ieii;  tex- 
ture is  condensed,  they  become  perfected 
for.itbeir  future  motions,  they  escape  from 
tiM4Mf8icle,.aod  swim  about  freely  in  the 
aiMlV  liyiiibe'<e|rid  motions  of  their  cilia, 
for  a  turne  ;  then  they  fix  and  develop,  like 
the  gefBffwlef  .whioh  .hM§  e#qu^  fr^ua 

sida  UM  4eprived;<»f.  JiU^  ile.  ivpigiBil  con- 
tents, sonetlipes,  de^'elops  a  polypus,  but 
geporally  iliie  abiorbed  at  ,iU.ba8e,jifs,conr 
iwidaii with^tne  parcqt  i9ooi)^Br|«  Se.dier 
eol^'ed,  it  falls  off,  and  leaves  not  a  trace  be- 
hind. So  that  those  vesicas,  like  the  seeds 
.af  .plenlatiaMideciduoAMF  perts,  wlucb,^ej:e 


layer  of  cellulur  tissue,  wbif;h  has  u^naUy 
transparent  thin  margins,  an4  t^I  inoie 
opaque  portion  of  the  cellular  tissue  is 
seen  in  t.^e  interior  of  the  spreadii>g^  ^9<ly> 
This  poatinues  to  spread  out  as  a  th)a,^lnf^ 
of  irregular  form  over  the  surface  of.  46(1 
watch-glass  in  which  it  in  allowed  to  grow, 
and  4a  tho^c  horny  tabular  species, of  zap" 
pbyteawVich  are  perrnanentiy  ftsed,by.a 
spreading  ramified  r,o<)t,  .aa!tl>e«^  Jei^Ml? 
larise  and  plumularit^  we  observe  that  cer« 
taiu  arrangcme;its  are  tak^ina  p^ace,;  ol^  tbe 
particles  in  the  interior  of  t|^.wl.gdiir 
tinous  iihn  that  is  spreading  over  the  sur- 
face of  the  glaM<^t,  Qertaiu  parts  of  the 
growiug  jfflnmwle  ryje  soon  perc^ved  to 
have  gidfjiittt  opaotty  tbaa  .  b^i^s, and 
tbose  opaque  parts,  towards  the  centre  of 
tb|is  spreadip&  gel/atino,us  substance,  aj^ 
wnrnk  e  radiaiing  forn^t  tbe.wM^  ("  the 
reproductive  gemmule  extends  outat^hose 
parts  of  the  maigin  where  tbose  radu  ap- 
pear to  shoot  out,  and,  consequently,  the 
transparent  homogeneous  pai  t  which  al- 
ways bounds  the  exterior  surfaoe^  of  the 
more  ojpaque,  continues,  ^(^mi  0^4^  ti^e 
extendmg  radii.  }ii  course  0L,.4^e,,^ 
perceive  dibtinctly  that  those  moreopaaue 
and  granular  paits  constitute  the  ceUulax 
iuteuial  Uving^  ilofhy .  iiubstance  o(  t^Q 
rayp,  and  thi^l  Clia,  jna|t|k,  ihemaelvef  ia^e 
covered  with  a  transparent,  homogeneous, 
so(^,  ^ut)^un^  U^t  bjecon^  co^(;iensed 
into  the  bpnix  exteii^nisl,  tnbi^iMr 


Mtk^llNiliepvearanetiailiifatedseaM^^  carei^iy,,the  devel 

the  .year,  generally  in  the  spring  ou  our '  the  central  fleshy  ])art,  and  looking  at  it 

fQ9^*M^  t>»kit  fnrw  M%Jtfiiiiiliuwn\jfx  '  mMi  0^MiM?,4AJ^«t»V.u.  we  t^axt  fee.  tl^jvt 
^oMmmiih$9mam»  ijlm.Aht&',i^fSt^\  thmM  e,,aU8ti^^tr«l  ^eya^n  ?f,K^e 
meeAUi  wwlogiiitl  A:im»fhf*fm;mi^AR'  ftM  '^ci.wy*        tluit  there  |s.sQn!ietlf^ 

termination.  lii^e  the  hteui  of  the  zoophyte  beginning 
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liqiie  direction,  we  cnn  see  that  that  stem  egres*' froM' ira  ijetl 'Ip,  s<feck  for        even  ^ 
is  ahootinf?  liigher  nnil  higher  from  the  if  it  wore  organised  to  a  condition  fit  to 
c«»tre  of  tliose  fint- formed  raya  which  seize  it.   Tliis  first  pblypos  at  the  flustra  . 
cmmftKim  tkt  mmM,  aiM  ihttt  ttrat  the  gHMhiitff  lisrtinekifll  ttS  tii^^ 
roots,  or  (Arts  of  nttnchmciit  in  ])lncc  of  larger ;  its  tentacnla,  and  its  antcrior'iuj4l" 
tb«  polypif  ftre  the  fir«t-fonDed  parts  posterior  fibres  of  ^tacbment  to  its  cen. . 

reftoductlve  gemrtmlet  province,  after  they  I  membranous  eac  which  enclose  If  ex-j, 
have  fixed  and  bcgnn  to  develop  ;  then  the  !  tends  npwards,  and  is  found  to  Ifne  the 
stem,  then  the  branches,  last  of  all  the  I  whole  internal  parietes  of  the  celL  An  « 
Mlli,4Mid,liitlMMlOtii  part  cf  thoewlte,  |  apertnre  i>  at  length  formtH  at  tl^e  upjpN^^, 
the  p<>)ypi,  iM  Kt  length  developed.  So  part  of  the  cell,  and  then  the  nolypus  B.. 
that  the  polyptti,  which  Mr.  Ellis  ima-  ^  sufficiently  organized  to  extend  itself  froni'^ 
gined  to  be  the  firat-formed  part  of  these  the  aperture,  and  exert  its  little  arms  in^' 
aoophytes,  appears  to  be  the  ital.  creating  carrents  for  reiplrikilbn  and'  lbr 

We  observe  nearly  the  same  phenomena  '  food,  by  the  rapid  vibration  of  the  cilia' 
in  watching  the  development  of  the  gem-  disposed  along  their  sides.   So  th^t  yoaj 

observe  here  again,  in  a  very  dUlfcrehi' 


■MHeviii  ▼vi^iniiBrafRKincisvii  auupujf  leic 
In  the  Jhutrttf  which  arc  cellular  flexible 

membrano-calcareous  zoopliytes,  the  gem- 
mules  are  developed  in  the  interior  of  the 
mMm  eelli  ift  wViicli  the  polypi  are  lodged, 
and  the  polypi  give  ])lace  to  them  as  they 


form  of  zoophyte,  that  the  most  inert 
parts  arc  those  which  arc  the  first  result, 
of  the  development  of  the  gcmmule,  an^ 
not  the  polypus,  which  is  the  last  part' (o 

be  develo])ea. 


develop.    The  poljT)!  themselves  being !    In  some,  and  indeed  in  most  of  thft^ 


thus  forced  to  become  deciduous,  the  gem 
molet  occupf  their  place,  devetop,  and 

escape,  when  mature,  from  the  apertures 


higher  forms  of  corticifefous  aiid  soliij; 
calcareous  zoophj-tes,  the  genifmul6s  piiiib 
throiitrh  the  bodies  of  their  large 


<tf  the  ceils,  by  the  rapid  movement  of 'complicated  polypi  We  observe  the  same  ^ 
tMr  eOia,  showingr  that  tluM  polypi,  in  thU  hitni/Uhriu  A^ligtit^'^tik 


wMA  are  here  periodi^U^  decMnou^are 

not  so  essential  to  the  existence  or  deve- 
lopment of  those  animals  as  it  was  at  one 
ttnfe  eoiicelved  Ihe^  wefo*  H^leMtig  ^e 
reproductive  gcmmules  of  the  flustnc,  we 
see  tlieir  vibratile  cilia,  their  spontaneous 
motions,  their  fixing  at  length,  and  spread- 
itig  fike  a  gelatinous  film,  as  in  the  other 
zoophytes.  In  the  interior  of  the  fixed 
and  growing  gemmule,  we  observe  the 
wlifile  opaone  edcanout  articles,  auuiu* 
ing  gradually  a  form  which  presents  the 
exact  shape  or  outlines  of  a  cell  for  a 
future  polvnus.  From  this  single  first- 
Ibnmtvm^  iHi  pewelve,  In  the  epreading 
gelatinous  film  which  embraces  its  small 
opaque  rays,  extending  from  the  outer  raar- 
gtn,  forwards  and  backwards,  that  those 
Aoolfalg  calcareous  niys  in  the  spreading 
gemmuie  arc  parts  of  the  adjoining  cells 
of  the  AuMtra.  At  the  bottom  of  the  first- 
ftmnen  cell,  an  organisation  of  a  dMRnrent 
kind  is  now^  commencing.  The  thin 
transparent  celhilar  tissue  is  about  to  pro- 
duce a  rudimentary  polyi)us.  That  po- 
lypus is  still  containeo  in  a  distinct  small 
closed  sac,  with  a  transparent  fluid  around 
it  at  the  bottom  of  the  first  cell.  As  yet 
Hierr  is 'no  aperture  in  tfie  membranous 
sac,  nor  in  the  enveloping  cell.  The  first- 
formed  cell  could  not,  therefore,  in  these  I   »  : 

fluitrse,  and  closely-allied  zoophytes,  be 'seek  to  enjoy  that  new  ^^'^W'^^* 
uoBsMered  as  devf4oped  or  plowing  by  j  aperture  dr'tlM  eiOl]Aite1i''1flnmid  ienCf ' 
the  aid  of  a  polypus,  which  is  itself  yet  them ;  their  cilia  and  iall  their  motions  ^ 
onljr  in  aa  embiTo  coikdltioni  enveloped  1  are  acnr  for  iitlfii6«feikie^id;  l%e)r«r« 


dght  clusters  of  smtdl'  wftit^  rotind 
dies  making  their  appearance  at  fhebaSeoi  * 
each  of  the  polypi  in  the  autumn.  *t^Q^^ 
litHe  Toond  bomea,  or  ^mmuli^'1)^(^« 
gradually  more  white  and  opaque  as  they  ^ 
enlarge.  At  length  they  assume  an  oranj 
colour,  then  they  become  redder,  and,Wh( 
fully  grown, 'have  a' deep  and  bright^ii^ 
colour.    They  successivelv  detach  thenri-  , 
selves  from  the  little  white  groups  yj}^^- 
whldi  they  were  originally  coTlnectia  Bj^' 
filaments  or  umbilical  chords.  They  cscap^^, 
thus  into  the  body  of  the  polypus,  below  f^'^ , 
stomach.  At  the  back  part  of  the  polyp' 
behind  this  open  stoAiiiA,        ak^  S^ 
to  be  pcifcctiy  free,  and  to  move  aqu^i 
change  their  relative  positions  by  t)ib 
rapid  vibrations  of  extremely  mlhdte  ctiw/. 
that  cover  their  outer  deep  ifed  surfiacc.j'^ 
When  the  polypus  is  fully  cx^4nd^,  SQ  W„ 
to  enjoy  the  tranquil  sea,  there  Is  i^  fr€j(,  , 
passage  of  water  through ,  the  stOTbWD^,  , 
from  the  mouth  to  the  posterior  oxtrcmlQC^. 
of  the  polypus,  by  the  rapid  vibration  pf„t 
the  oral  cilja,  those  of  the  tentacula  lifl* 
being  vibratite.  Tlie' tea  watet^  h|U^ Jje.,, 
ingress  through  the  stomach  to  th|  g?ro«  .^,( 
mules;  the  gemmules  feel  itk  infTu^jp^^i/ 
and  advance ;  and  as  'lEfiev  approach  tjP^.^. 
open  posterior  part  of  the  Swinacb,  flj^  i/r 
appear  stimulated  with  newehergy  i  tDJ^T., 


Digitized  by  Gopgle 


stoinaco.  anil,  ai  we  900  also  m  acuuiu>, 

*^^S^^  .K^tJif^^;  mouth.  XUc^.theiJr  pUi* 
con^nq^^  again,  and  they  pove  tud, 
fro  \intil  tney  obtain  a  pUqo  to  And 
develop,  as  in  ot|)6r  species. 

Nearly  tli^  saflnc  structure,, ftn4  phe- 
nQf||C(n'i^  ^e^e  QDserved  l>y.  Cavolimi,  in 
the  madrepores,  in  the  caryophyllia,  and 
thi^/ip|t^rii  t9  be  cornuion  to  most  of  the 
larg$r  solid  9Alcarcou8  zoophytes;  but 
'opiKi  considered  their  gcniniulea  as 
escaping  ))y  marginal  openings  between 
the  tep^^ci^la  of  .(jie  polypi,  in  the  pen- 
iitf/ifl^aud  mrgtdeariat/^  ocKnrve  gemmulea 
which  pass  through  the  same  phaiics  of 
development  in  acquiring  conssistcncc,  opa- 
city)  Hiaguitudc,  coloui',  sphuricity,  IVee- 
doni  from  attachmtnt  tO  tM  parentyand  a 
ciliated  surface  to  carry  them  through  the 
bodies  of  the  polypii  aud,  for  a  limited 
tiipe,  through  the  water»  of  tbe  MA. 

I^e  liveiyHodloared  iotanwl  bodies,  of 
variotis  hues,  which  we  observe  in  the 
yummer  aud  i^utiiuia^  sbiiiios  thi-ough  the 
transpareiit  eentral  parts  of  tbe  aoalepha, 
while  they  glide  smoothly  through  the 
biill  seas,  aie  closely  allied  in  all  their 


gpmiiUir  giK>up,49i.,||io.ie«NNiHv  placed  at 

the  end  of  the  mesentery,  attd  in  the 
ve^Lf^la^X^  |k»M  pub.  by  Utti9,wtiit6  (uiMCS 

b8t«raeii.-.iilie.  tiwitiPMia    Uit  th*  Imw 

lively  coloured  reddish-lwown  genintfnMt 
clustres  developed  from  the  partitions  be* 
tweeu  tbe^iT^pirattory  and  tlie  dig««ttive 
cavitiaaef  tbarMsailMNi  CMth.  Bv«Bir«i 
HARDT  observed  that  the  miuule  ooni'* 
pooent  fusiform  bodias,  which  he  regardeil 
as  obviously  conneoted  with  genaraUoiu 
po8:icssed  distinct  spontaneous  aaftriatl, 
both  before  and  after  they  had  severally 
detached  tbeoisolves  iron)  their  peduncles* 
Ho  cooridevod  .fhoia  mail  gcnawiipo 
bodies  as  capsules  filled  with  a  fine  gre- 
niilar  or  cellular  matter,  and  has  ftgmed 
them  as  such.  When  Cavomni  first  ob« 
served  the  spontanaooi  movements  of  Urn- 
gemmules  of  zoophytes  after  they  had  es* 
caped  from  their  open  vesicles  he  consiv 
dered  them,  anddesorfted  thMn,«»d  figured 
them  as  capsules  singnlariy  aaiaiated,  aoA. 
filled  with  minute  generative  globules, 
which  escaped  by  the  bursting  of  the 
capsules;  but  bo  MMn  afUvimide  mmw 
rected  his  mistake  on  finding  that  theW; 
supposed  gemmiferous  capsules,  endowed 


known  properties  and  phenomena  to  the .  with  spontaneous  motion,  are  the  gem* 
reproductive  gemmules  of  zoophytos,  and  mtiles  themselves.  .  '^ -  m  ■ 

not  to  the  ova  of  higher  classes.   They ,    In  the  echinoderma  we  find  a  more 


uxf}  minute  vQUud  portions  of  the  gelati 
noj^s  ^sti^itoe.of  the  parent  wludi  baa  no 
tri^'oif  aejCf.  pr  means  of  impregnating 

ova;  they  ])rehciit  bright  colours  when 
uiatuj^Cj 
clai 


obyjious  and  a  more  complex  structure 
the  geafiative  system,  but  stiU  presaptiag 
no  distiBOtion  ot  lex,  all  produce  alike. 

In  the  asterias  we  observe  in  each  of  the 
lijce  the  gemmules  of  inferior  \  radiating  divisions  of  tbe  body,  wbatevor 
eifigiioihetrmesyel^  nomber,  two  camiiied,  gfauiduhr 

coloured,  or  purple,  or  bright  red;  and  and  highly  vascular  sacs,  attached  to  the 
they  have  been  long  known  to  possess  |  upper  surface  of  the  skin,  that  produce,  at 
spon(aue<>us  motion  when  sepai  ated  from  the  commencement  of  the  winter  seaspi^ 
the  body  in  the  Qgiftten  wriU^u  mentioned  [  little  round  bodiae  that  are  dtacbarvid  ^\ 
by  U08ENTHAL.  I  have  observed  the  small  orifices  around  the  mouth  or  en- 
same  spontaneous  motipos  in  those  of  the  trance  to  the  stomach.  la  the 
eommofi  rhyzoati^iaes  of  oorooaats;  and 


in  tlie  briglit-]^  ipbeiical  gemmules  dis- 
charged from  a  minute  eqttorea  of  the 
Xhauies,  I  could  perceive  not  only  the  slow 
^jjttjig  spontaneous  motions,  bvt  ttpoogh 
the  Tiiicruscopc  I  could  also  detect  a  finely 
ciliated  zoue  in  rapid  actiou  around  their 
circumference.  The  two  clusters  of  gem- 
ntules  have  the  same  bright-red  colour, 
extending  along  the  sides  of  the  intestine 
in  ^hin  If^tQe  fjiieui,  which  Qontrast  beau* 
tiftiUy  with  the  blue  transparent  texture 
of  th9  animal.  Those  ovate  gemmules 
arc  su8]>endcd  in  ramified  groups  from 
beneat|i  the  air-vcsLcle  of  the  phytaliat  as 
we.^^ilibem  developed  around  tbe  free 
margin  of  t!ic  mantle  in  several  medutcB. 
Magn^hed  views  o.(ihfu|^  ovate  gemmules 
of  tnA  phji»nlta  you  ^Mierve  in  these  recent 
plates  of  QLF&aa,  repsesentiiig  tb«  va- 
rious organs  of  tb.it  interesting  animal 


we  percdve  also  gtaadidar  lact^  five  in 

number,  and  filled  with  small  round  bodies. 
These  sacs  are  situate  in  the  upper  portion 
of  the  cavity  of  the  shell,  and  open  each  by 
a  short  separate  duc^  which  penetrates  tlia 
outer  angle  of  the  large  genital  calcareoot 
plates  disposed  around  the  anus.  These 
ovaries  were  obfswed  ev«Q  hf  kMWfvrvm 
to  lie  very  mAf  dffrilaped  in  the  tchi^ 
Mia,  and  they  were  used  as  food  in  bia 
time  as  in  ours.  TV  large  group  of iwig 
convoluted  and  mmM  tnbiili»ei>c»  sem 
in  the  anterior  portion  of  the  body  of  the 
holothuruf,  is  their  SO- named  ovary,  which 
greatly  enlarges,  as  in  the  other  echiuo* 
derma,  at  th*  eaifon  of  reproduction)  and 
all  its  divisions  are  then  found  filled  with 
a  reddiiih  viscid  matter,  which  enveloBe 
all  the  minute  developing  genpt.  .M 
other  .aeasons  this  ramified  generattva 
or^n  is  found  to  contain  a  thin  white 
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M,  m  the  tuvfikMof  l&a  tkin»  at  a 
•hort  distance  behind  the  moath.  Several 
■mall  glandular  caeca  communicate  with 
this  oviduct  before  it  opens  on  the  snr- ' 
face,  wMehlMM  leoanHy  been  eoni  idered 
as  impregnating  or  male  organs.   In  the 
beginning  of  winter  the  little  brown-co-  i 
kwred  lenglbwicd  gcrmt  are  ibnnil,  a  line 
long,  in  the  viscid  matter  of  the  ovaryJ 
which  has  now  enlarged  to  manjr  timet  its , 
ordinary  size.  j 
Time  we  olMenre,  that  throughont  the  | 
radiated  classes,  all  the  individuals  are 
cu^nized  alike  to  perpetuate  their  r.-^ce, 
and  they  are  liot  only  all  prodnctfve,  all 
female,  but  their  fertility  surpasses  that  of 
all  the  higher  orders  of  animals,  so  that 
they  are  not  less  remarkable  for  their  ge- 
BenlHe  then  far  their  digestive  powers. 
In  the  fissiparouB  animalcules  the  whole  | 
body  may  be  considered  as  generative,  and 
the  life  of  the  individuals  appcai-s  thus  to . 
have  no  end.  The  generative  portion  of: 
the  body  is  scarcely  more  limited  or  more 
d^ued  in  the  class  of  poriferous  animals, 
where  «he  gi— nrnlee  poor  ont  fai  thou« 
sands  from  the  interior  of  a  sfaigle  indivi- 
dual,  which  survi%'es  for  several  seasons. 
In  the  zoophytes,  the  parts  of  the  body 
appropriated  to  reprodnctiop  are  almost 
as  numerous,  though  now  more  determi- 
nate in  their  position,  and  in  the  higher 
forms  of  acalepha  and  echinoderma,  where 
tiM  generative  portion  of  the  body  becomes 
more  and  more  limited  and  ucAned,  a 
dietect  organ  is  at  length  developed,  to 
which  nhwe  «hb  wMeflmeiioii  or  gene- 
ration ie  appropriated,  and  which  becomes 
more  and  more  complicated  in  ita  structure, 
and  divided  iu  its  function,  as  we  ascend 
throogh  Che  higher  gndee  of  the  MilBial 


USCTURfl  LVL 

OMTHE  OKNERATIVE  SYSTEM  IS  THE 
ARTICULATED  CLASSES. 

Next  in  fertility  to  the  radiated  tribes 
of  animals  we  find  the  classes  of  articu- 
leta,  where  the  genemtlve  organs  are  more 
circumscribed  and  defined,  and  where 
sexual  distinctions  and  the  ovii>arous  form 
of  generation  are  gradually  established, 
no  fttriperoM  animalcules  cast  off  their 
successive  generations,  heedless  of  their 
future  existence ;  and  the  higher  gemmi- 
poroni  claim  of  redbta  produce  periodi- 
cally Mieir  crops  of  reproductive  geiu- 
mules,  like  the  seeds  of  plants,  and  trust 
tbeir  safety  and  development  to  nature : 
but  now  complicated  instlneti^  oonnectefl 
with geneapiiMi,         to nMuiUbiClhom- 


telves,  and  to.  |voiide  ilsr  4b#  prygeoyt. 
beyond  the  perioAolHp  imniwnH^  <bi  a 

parent.   The  sexual  distliMflfpi^  and  thOi. 
high  development  of  the  gwitertywfytm.- 
tem.  are  not  less  remarkaUe  in  tlM.fttlM 
culatcd  classea,  than  the  pudoiBinaeQuI  v 
their  aninml  over  their  organic  functtoiui  i 
but  irom  the  mystnnr  in  which  the  «heli.< 
Ihnction  of  gensretien  Ie  hw<n4  'it-|i> 
easier  to  perceive  the  increasing  com- 
plex n  ess  of  the  organs,  than  to  assign  met 
to  the  various  parts,  and  it  is  periiaps 
from  this  cironuMtance  that  we  oan  dlir. 
cover  less  evidence  of  unity  of  plan  in  tbt 
composition  and  forms  of  their  geneiatifSi 
apparatus,  than  iu  almost  any  ollMrfffli* 
of  their  economy. 

In  the  lowest  articulated  dasses,  «e 
still  find  many  ammals  wi^oirt  mglif 
of  impregnatmn  or  iiwjUwnenlb  mA 
which,  like  all  the  radiated  tribes  b^ 
ncath    them,  are    self-productive,  sad 
without  a  trace  of  sexual  difi'erence.  The 
cyetio  entosoa,  as  the  oyilioiiun^  4h» 
coenurus,  and  the  echinococcus,  appesr  to 
have  an  internal  gemniparous  mode  e( 
generation,  like  the  voIvok  among  the  . 
aninudcules.   They  present  no  organs  sp* 
propriated  to  this  function,  but  roinalt. 
gemmules  are  observed  to  develop  irom 
their  faiterior  parislee,  wMelhote  mmm. 
ing  the  perfect  form,  become  detached, 
and  arc  found  floating  loose  in  the  con* 
tained  fluid  of  the  parent  sac.   The  leog 
articulated  flat  fntoM  worms  postfli 
each  segment  an  ovary,  which  is 
times  long  and  with  radlnting 
tions,  ana  eonetlmee  of  n  shnj 
form.   This  ovary  occupies  the  ceotnl 
portion  of  each  joint  of  the  body,  and  ter- 
minates in  the  lateral  pore  by  a  dfstiact 
Ofiduet  Thereieelio  a  mnnDghBieliif 
sac  in  each  segment,  which  oommunicat£t 
with  the  extremity  of  the  oviduct,  »ai 
which  some  have  imagined  to  be  an  ie^ 
pregnating  organ.    The  teenrfMllMl  ef 
the  oviduct  is  prolonged  outwards  as  s 
stiliform  tube,  and  fwma  tho  niffOifd 
penis  j  bat  as  all  Ae  eemnenleniOiMIn 
generative,  they  probably  possess  only 
organs  belonging  to  the  femsde  sex,  as  w 
other  supposed  hermaphrodites.   Tbe  ga* 
neratlvo  orgena  of  Uie  diehnnn  hepnriiini!i 
like  each  segment  of  the  taenia,  possessss 
a  ramifled  and  complicated  ovary  anda 
lengthened  oviduct,  wUh  which  a  ieeg 
and  tortuous  secreting  tnb%  regerded'Se 
a  testicle,  is  found  to  communicate.  Tbe 
ovarv  here  occupies  the  civci 
the  body,  and  the  snppoeei 
central  part:  they  open  together  at  the 
lower  and  anterior  i>art  of  the  body,  iui' 
mediately  behind  the  moutli.   The  ova, 
viewed  throng  the  mleroeeiye,  Hjfff^r  at 
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their  MuMMimttonft.  »h  body  of  the  liviiig  dipldstbro^  ' 

Iltf-i|h#4biig  e^HMMM'  !W4*A  bf^hefl  of  the  ce^Merp^  aS  they  aif«c^V\^teh  dc- 
acAnthoce^hftlmis  and  nematoid  entozoa, '  veloped  in  the  ovUtti,  and  iramedfately  ^ 
the  8exet»  are  disti»ct,  and  placed  in  differ- 1  after  their  e8capC|  have  the  fofnn  of  toono^ 
eat  indi vf4tta)8,  anfd  im]>T«?ntttten  ^Wsei  cuI9tt  <Jhl8ta*a  *V)f *'tlie*'  gjeAni'  cyclopjj.'  ^ 
pUielntlBinikUyi  a*  we  see  irt  the  cchino-|  Th^  samo'entoniostracous  form  is  seen  inj,'^ 
rfafMiRlMtt4^h<tf  Afecfliis.    Th<?  female  or- '  the  young  of  the  trachcliastes,  whore  thejr ' 
ga<Htf  HMWtat'ifr^onligt  of  a  long  ovary> 
or  Wirtililutflo#inoq3  glaiiM«a^;-^M«i 
termitftaCM  exuernally  oh  the  ventral  sur- 
faofrby  «  »hf»glo  oHfice  or  vulva,  about  one- 


third 'iwy  from  the  anterior  extremity  of 
tli#Hwily»'>'gi— 1 4tiit^  vidva  we  observe 
the  ovary  to  descend  and  to  enlarge,  then 
to  bifurcate,  to  continue  for  a  considerable 
distaaos  wide,  and  th«A  gradu^  t6  con- 
tratt  and*  beconod  fiUlnrai.  ^  TMao  tNvo 
long  narrow  tortuous  portion'^  of  the 
ovM>Fr  are  coiled  round  the  alimentary 
canahn  ^M'^fli^ibaMir  IHdf  oT  tbe  aanf- 
body.  lU'tlba  male  of  those  worms 
the  tektfcle  pr«f«e^n%s  a  single  long  small 
filifenn  tac,  which  is  convoluted  round 
thg  ltlimil»^  mmtie  ovary  of  the  female, 
and  it  tlflfttltnafes  in  a  stylifbrm  tubular 
process,  wMcfa  extends  outwards  at  the 
posterior  extremity  of  the  body.  That  "styli- ' 
fonttVillMlArdrgan  bf  intromission,  conti- 
nuous with  the  end  of  the  long  convoluted 
testiol^  is  inserted  into  the  vulva,  in  the 
feiritfi)  litf  4he#Mr4f Impregnation  already 
in  fheso  lowest  of  the  hclminthoid  cla'^sc  ?; 
of  anknals.  1  have  found  thousands  of 
youag,  perfectly  formed,  in  this  convoluted 
101%  MKlilar  ovary  of  tho' common  filaria 
mJknM»ii  or  gtilnea-^*onn,  which  is  so 
oftet  found  in  the  cellular  tissue  of  the 
aottles  and  legs  of  petMMlt  "Who  bave  bad 
these  parts  exposed  by  nigbf  in  the  east 
of  Asia;  so  that  the  surgeon  uses  great 
caoMon  extracting  the  worm,  not  to 
bra**  in  body,  wtaleft'  ironld  flfl  the 
woind- with  living  young  fi-om  the  rup- 
tured ovaries.  In  those  remarkable  ])ara- 
sitio  worms  which  attach  themselves  to 
tls^OMerlor  parts  of  animals,  as  the 
lemd^t  the  ehmdrocani hut,  achtftrn-es, 
and  roamy  others,  the  sexes  appearto  be 
genaially  ^isthice,  and:  pteeed  on  dUlbrent 
indivldttw|  tba  generative  organs  and  the 
pbanomena  of  generation  closely  resemble 
thooe  of  entomostracoos  crustacea,  and 
ibo  <T*iu%  tUtnigh  similar  meta^ 
'  moffpbotes  of  form  daring  their  develop- 
ment. The  two  ovaries  extend  along  the 
sLdatof  the  alimentary  canal,  and  open 
bda#1nto  twd  loritfVMaMr  talomal  sacs, 
into  which  the  ova  are  conveyed  when 
mature.  In  the  blighted  ova  of  these  sacs,  .umv 


also  have  the  shape  of  a  cyclops  oa.  , 
escaping  from  the  ovum,  and  the  fhiuie  ' 
changes  during  the  metamorphoses  ara  . 
chiefly  produced  by  the  development  oT.'. 
the  posterior  parts  of  the  trunk  and  tho , 
organs  df  generation.  The  young  oirfhe., 
lernfTocera  have  also  been  shown  by  Noab*,, 
MANN  to  possess  thc  form  of  monoculoua.^ 
cnistacea  on  first  coming  from  the  ovum. 

We  have  already  seen  many  afllnitics.  to 
exist  between  thc  rotiferous  animalcales 
aud  thc  hclminthoid  articulata,  iu  the  most 
essential  parts  of  fheir  structure  an4  we> 
see  them  also  Iu  the  forms  of  the  genera*., 
tive  apparatus,  and  iu  the  whole  pheno- 
mena of  that  function.   They  are  all  pro- 
ductive, or'female,  aud  tbeir  organs  present 
that  form  which  is  commonly  termed 
hermaphrodism  in  the  lower  tribes  of  , 
animals,  where  certain  glandular  organs,  ., 
con^ercd  as  impregnating,  open  into  the  . 
course  of  the  oviducts,  so  as  to  affect  th& 
ova  before  their  expulsion  from  the  bo(^^ 
We  obs^e  two  long  and  wide  sacGu)at^  . 
o\'aries  in  the  cavity  of  the  abdomen,  e^(•» 
tending  u])wards  along  the  sides  of  the? 
stomach,  aud  communicating  witli  cacU 
other  below,  where  they  open  by  a  common 
orifice  into  thc  terminal  or  cloacal  part  or 
the  intestine.    From  the  great  trauspa-. 
rency  of  the  body,  the  ova  are  peen  de<», 
veloping  in  these  wide  sacs;  the  forma  ajiul- 
the  parts  of  the  young  are  distinctly  seen 
while  yet  withiu  the  ova,  and  the  ova  are 
often  batdied  before  escaping  from  the 
body.   The  mode  of  connexion  between; 
the  embryo  and  the  ovum,  and  the  mode 
of  nutrition  of  the  embryo,  have  not  been 
distinctly  observed  in  these  wbeel-anU 
malcules,  but  they  come  from  the  ova  with, 
all  the  external  diaracters  of  the  parent*  . 
Behind  flioee  ovaria,  or  the  birarcated..^ 
ovarium,  we  observe  another  IeDgthfined(j.'f 
narrow  sac  on  each  side,  each  of  wbiek.^'.,. 
communicates  at  ita  posterior  ot  ]p,y(f|r 
part  with  an  enlarged  tbin  meabrMonft  , -jf 
receptacle.  That  large  posterior  sac  com-^..  „ 
muuicates  at  ita  orifice  with  the  open  ter—r' 
mination  of  the  oviduct,  where  it  enters  j 
the  cloacal  part  of  the  intestine.  Now 
has  been  considered  in  animals  where  a 
structure  lUce.tl^is  presents  itself,  tl^t  tha(.,^, 


oTivlMllfiibatfHiHieilnetolfservedW  »^  pours  its  teeretloii. 

wMle  the  reft  of  the  ova  are  ad*'  1ni»olhe  ovWact1»  a  male  organ,  and  thafc, 


iiaoBiMiffetli^'iiiltbifif^  but  tbie 
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function  of  the  lupposed  male  organi,  and 
the  existence  of  such  hermaphrodism  as  a 
nonna]  character  in  animals,  liave  not  been 

sho^ATi  1)T  direct  observation,  nr  by  expe- 
riment, or  by  the  analogy  of  other  known 
etructares.  Our  ignorance  of  the  Amo- 
tion of  such  glands,  opening  into  the  ovi- 
ducts, where  all  the  individuals  have  dis- 
tinct female  organs,  is  the  principal  rea- 
son addneed  for  snpposfaig  them  to  be  male 
organs  superadded  to  tho  fiBmalc  organs 
on  the  same  beings,  and  so  hermaphro- 
dites have  been  made  to  exist  as  low  as 
the  holotherife  and  other  echinoderma. 
In  insects  and  many  other  animals,  where 
the  sexual  didereuccs  of  the  generative 
oi^ans  are  distinctly  established,  and 
-where  the  male  and  the  female  are  sepa- 
rate individuals,  we  still  however  find  nu- 
merous glauds  communicating  with  the 
cn^nets,  which  snperadded  glands  no  one 
ever  regards  as  niale  organs. 

From  the  fixed  condition  of  the  cirrho- 
pods  they  require  to  possess  the  means 
within  themselves  of  oontinufaig  their 
race,  and  wc  find  all  the  individuals 
of  each  species  to  be  organized  alike  in 
their  generative  organs,  and  all  capable 
Of  prododng  young.  Their  ovary  on  each 
side  occupies  a  large  part  of  the  abdo- 
minal cavity,  extending  from  the  liver  to 
the  syphon,  and  placed  along  the  ante- 
rior or  concave  portion  of  the  trunk.  The 
ova,  collected  by  a  narrow  duct  from  each 
u\'ary,  are  conveyed  into  a  long,  wide, 
tortooat,  and  glandnlar  portion  of  tint 
duct,  which  is  regarded  as  a  testicle,  and 
is  thought  to  impregnate  the  ovary  as  they 
pass  through  it.  From  this  thickened 
^ndular  terminal  portion  of  the  oviduct, 
on  each  side  of  the  digestive  organs,  the 
ova  pass  into  the  base  of  the  syphon, 
through  which  thef  are  conveyed  out  from 
the  interior  of  the  body,  like  the  other 
excretions ;  but  after  their  com[)k  te  sepa- 
ration from  the  two  ovaries  and  oviducts, 
Aey  are  still  retained  within  the  cavity  of 
the  shell,  collected  in  groups  beween  the 
inner  surface  of  the  mantle  and  the  body 
of  the  enclosed  animal,  as  we  often  see 
both  in  ai  tlculated  and  in  moUnsoons'ani- 
mals.  In  this  situation  the  ova  are  pro- 
tected, aerated,  and  developed,  till  they  are 
in  a  condition  Ht  to  be  ditcharged  firom  the 
shell.  In  the  lepades  they  are  found  free 
at  the  bottom  of  the  cavity  of  the  shell, 
and  in  the  anaiifse  they  extend  free  into 
the  peduncle. 

E\'en  in  tlic  frr  c  and  highly-organized 
annelidcs,  we  still  find  all  the  individuals  of 
each  species  to  be  alike  organized  with  re- 
lation to  the  generative  function.  Some  of 
the  lowest  of  these  worms,  as  the  ftft/laria 
pahtdotOf  have  been  observed  spontane- 
oaily  to  dlvidd  transmfely  bito  several  dis- 


tinct portions,  each  of  which  bad,  pievioui 
to  their  complete  separation,  assumed  th^ 
tona  of  the  entire  aiumal.  The  internal  er- 
gans  had  become  constricted  aiid  divided, 
as  in  the  fissiparous  ammacul«i|i  ai^ 
external  appendices  of  tiie  Yumi'uA  t«H 
were  developed  from  the  terminal  seg- 
ments of  each  portion,  before  they  SlfOi^l)^ 
an  independent  existence.  ^    '  •,  •  d 

Abootathifd  fWmi  (be  antefiorei^^iR|||r 
of  the  common  earth-worm,  we  obscryp* 
short  enlarged  portion  surroimdedbywld^T 
segments,  and  containing  the  generwve 
organs,  which  conrist  or^six  small  round 
ovarial  sacs,  and  four  similar  glandular 
bodies,  regaided  as  the  testes  of  thla  »n|* 
mal.  Mutual  intercourse  or  exdtenpept 
is  observed  here  to  precede  tlie  devdop- 
ment  of  the  ova,  and  thej'  arc  regarded  »i 
hermaphrodites  impregnating  each^ber 
by  lateral  minnle  openings  at  the  mUflA 
portion  of  the  trunk.  Small  oval  inaswi 
of  aggregated  ova  are  observed,  quite  fr«e, 
between  the  integuments  of  the  body  sa^ 
the  alimentary  canal,  in  the  lower  ec  jNt' 
terior  part  of  the  animal,  and,  after  attan* 
ing  their  full  development,  in  dcscendwg 
along  the  body  they  are  hatched  in.W 
posterior  part,  and  the  young  €»6af» 

I  through  the  anal  termination  of  the  ani- 
mal by  two  small  orifices,  a  modc^  of  ^ 
neration  similar  to  that  ascribed  tp  ttf 
Imnpreys.  Near  the  middle  of  thebodyi 
on  the  abdominal  surface  of  the  leech, 
there  are  two  minute  ori^cesi  the  ^ 
a  little  before  tlie  other,  whim  btlow 
to  the  generative  organs.  The  sntt- 
rior  opening  transmits  a  long  'W'VJ 
tubular  duct  from  two  long  convdsttl 
glandular  tubes,  which  appear  to  com* 
mcncc  from  nine  small  round  vcsiclci  ob 
each  side,  and  regarded  as  testicles.  Xbb 
exsestile  tubular  organ  of  excitennf  ■ 
considered,  generally,  not  as  a  clitoris  biit 
as  a  penis,  and  the  internal  ducts  and  veil' 
cles  are  looked  upon  as  seminal  ducts  vA 
testicles  in  these  so-named  bermapbi«| 
dites.  The  posterior  of  these  two  smw 
openings  leads  to  the  common  openings 

I  the  two  oviducts,  extending  from  the  ov»» 
ries,  and  is  the  passage  thrbogh  wbich 

'these  females  receive  mutual  excitement 
for  the  development  of  their  ova.  The  pont- 
obdella  muricata  deposits  its  6va  sep»rst«- 
ly,  attached  by  small  peduncles  to  ths 
surface  of  submarine  bodies;  they  ars 
covered  externally  with  a  tou|di  opsins 
greenish  capsule  of  a  round  namt  9m 
with  two  lateral  openings  filled  up  wtib 
a  transparent  substance,  which  hardeai 
by  the  action  of  the  external  eleraSBtj 
There  is  thus  a  smatl  operculum  at  eac^ 
side  of  the  ovum;  and  the  whole  capiuUi 
at  first  soft,  becomes  dense  in 
by  the  action  of  the  watery  H^llta  n  mi** 


Digitized  by  Gopgle 


'  '  ^  MoM'mE  tiKKBOHM  TO  ttOi  IKStCTA.  l6H 


positQd  from  the  worm  \ipon  the  solid 
substances  at  the  bottom  of  the  sac.  It 
contaips  at  first  a  thin  transparent  saltish 
colourless  gelatinous  fluid,  that  h  observed 
to^  develop  a  small  transpaient  worm 
Wf($  interior,  vfith  the  mue  tabercu- 
lated  surface,  and  of  the  same  form,  as 
the  parent.  That  young  v.orm  is  seen  to 
be  formed  graduaUy  Irom  this  gelatinous 
iflbitance  <n  th«  ovnni»  of  considerable 
tlzi',  transparent  and  cnlmn-lcss,  and  its! 
orgnanization  to  be  gradually  manifested 
and  perfected  in  its  interior.  The  oper- 
culum at  length  drojts  or!  from  each  tide, 
^nd  allows  the  little  animal  to  escape. 
These  little  round  dark-coloured  peduncu- 
lated ova  of  the  common  skate-leech*  are 
often  found  attached  in  groups  to  the  tur- 
fecc  of  oyster  shells. 

In  the  myria^iods  the  sexes  are  placed  in 
dMferent  Individuals,  and  the  organs  of 
generation  tcrnunate  towards  the  anterior 
part  of  the  body;  they  arc  oviparous. 
From  the  position  in  which  their  genital 
organs  open  upon  the  surface  of  the  body 
towards  the  anterior  part,  and  not  at  tlie 
posterior  extremity,  as  they  do  in  insects, 
they  present  an  interesting  analogy  with 
the  helminthoid  classes  of  animals.  You 
have  seen  that  that  was  the  position  of  the 
vulva  in  the  ascaris,  in  the  leech,  and  in 
many  other  animals  belonging  to  the  ver- 
miform classes.  In  the  nv/i  iapods,  how- 
ever, the  sexes  are  always  placed  on 
different  individuals,  and  are  marked  by 
external  peculiarities.  In  the  chilognatha 
the  ovaries  open  externally  by  two  small 
mamniiiiary  eminences,  without  books, 
(which  are  fyresent  in  the  correspond- 
ing parts  of  the  male)  behind  the  base 
of  the  second  pair  of  legs.  The  male 
oigciii:>  do  not  make  their  appearance 
till  these  animals  have  attainea  a  third 
of  their  full  virc  ;  they  consist  of  two 
testicles,  which  open  externally  by  two 
papillae,  terminated  by  curved  hooks.  They 
impregnate  like  serpents,  face  to  face,  and 
Vith  their  bodies  twisted  round  each  other. 
But  in  the  cbilopoda  the  organs  of  genera- 
tion in  the  female  appear  to  be  single, 
there  being  hut  one  ovary  and  oviduct; 
the  long  siis^Ip  tubular  testicle  in  the  male 
being  accoinpauicd  by  several  long  acces- 
sory glandular  follicles,  as  in  insects.  The 
single  ovary  of  the  scolopendra  cxteiuls 
|}ackwards  above  the  aluuentary  canal,  as 
a  simple  glandular  tube,  to  open  near  the 
extremity  of  the  rectum.  The  ova  are  de- 
veloped from  the  interior  secreting  parietes 
of  this  long  ovarial  tube,  and  when  de- 
tached from  their  pedande  they  pass 
along  the  cavity  of  its  upper  part,  to  be 
discharged.  The  testicle  occnpit-s  the 
same  uosuion  m  the  male  of  this  animal. 

JIf  tB  mil  the  ttTtiapodi  iud  wAchaldiy 


wc  find  in  the  class  of  insects  the  sexual 
organs  always  placed  on  different  indi- 
viauflJb^  wad  the  two  sexes  often  differ  so 
much  in  thrir  mitward  form,  that  they  are 
scai'cely  recognisable  ais  belonging  to  the 
same  genus,  or  even  to  the  sane  fkmQy  or 
order  of  insects.  The  organs  of  genera- 
tion have  here  been  more  carefoUy  studied, 
and  appear  more  complicated  in  both 
sexes  than  in  the  other  articulated  classes, 
!  and  this  greater  complexncss  arises  both 
from  the  subdivisions  of  the  organs  them- 
selves, and  from  the  number  of  accessorv 
glandular  tubes  and  follicles  whicn 
enter  into  their  ducts.  Tliey  open  at  the 
posterior  part  of  the  trunk,  and  communi- 
cate with  thedoacal  termination  of  the  in- 
testine, as  in  most  of  the  vertcbrated  classes 
of  animals.  They  are  double  in  both  sexes, 
and  symmetrically  developed  on  the  two 
sides  of  the  body,  hut  with  single  openings 
on  the  surface.  The  ovaries,  like  most  of 
the  glands  of  insects,  consist  of  simple 
tubes,  more  or  less  lengthened  and  sub- 
dividei!^  and  the  two  oviducts  unite  to  form 
a  common  canal  on  the  median  plane  before 
they  reach  the  cloaca.  The  ova,  in  each 
tube  of  the  ovaries,  are  placed  In  a  single 
row,  and,  as  in  other  animals  where  im- 
pregnation is  internal,  they  are  unequally 
developed,  those  next  to  the  oviducts  being 
19ie  largest  and  most  mature,  and  those 
above  being  the  less  developed  and  smaller, 
the  nearer  they  are  placed  to  the  closed 
end  of  the  tube  in  which  they  are  formed. 
We  generally  iind  opening  into  the  lo\ycr 
part  of  the  common  oviduct  a  short  wide 
canal,  from  a  large  oval  or  round  sac,  which 
is  considered  as  a  receptacle  for  the  In* 
jected  fluid  of  the  male  to  impregnate  the 
ova  as  they  descend,  and  this  fluid  is 
found  to  swarm  with  living  animalcules. 
There  are  sometimes  smaller  vaginal  re* 
ceptacles  and  minute  glands  at  the  sides 
of  the  vulva,  as  shown  in  the  raelolontha, 
in  these  plates  of  SxaAts.  In  many- 
species  with  long  and  convoluted  ovi- 
ducts, the  ova  arc  hatched  within  the 
body  of  tibe  parent,  and  they  present  an 
ovo-viviparous  mode  of  generation.  The 
vulva  is  often  provided  with  curved 
hooks  to  retain  the  male,  and,  with  an 
ovipositor,  to  convey  the  ova  to  the 
situations  beet  suited  for  their  future  de- 
velopment. The  number  of  the  divisions 
of  the  ovarj'  on  each  ^\dc  varies  very 
much  in  diilerent  insecui,  there  are  com- 
monly about  six  in  each  ovary,  but  some- 
times there  are  more  than  ten  ti'nes  that 
number.  The  male  organs  present  even 
more  varieties  of  conformation  than  the 
female,  and  this  diversity  is  often  ob« 
served  in  species  which  are  most  closely 
lUUed  in  their  ptl^r  ts.  The  testes  are 
generally  ^rmed  by  nnmevous  long  glan« 
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dalar  tubes,  which  pour  their  secretions 
on  each  side  into  a  common  seminal  duct, 
and  the  seminal  ducts  unite  to  form  a 
single  vas  deferens  before  they  reach  the 
organ  of  intromission.  These  seminal 
glands  BomeHmei  consist  of  groups  of 
minute  cieca,  and  sometimes  they  are  short 
and  wide  canals,  or  small  glandular  ve 


subdivided,  and  they  open  extemall)^  tty 
distinct  orifices  on  each  side.  The  ovarii 
of  the  toBrpion  eon^  of  numerous  shim 
wide  ca?ca,  which  comuiunicate  svith  two 
Lateral  oviducts,  and  with  «.  third  on 
mediMt  line.  11ie«e  three  evidncti  aufr 
municate  with  each  other  by  four  ti-aoff 
verse  short  canals,  and  they  open  on  the 


sides,  which  pour  their  contents  into  a  i  inferior  and  posterior  part  of  ^  aiyi* 
oomindD  duel  on  each  ride.  At  tbe  point  thorez  1^  two  eei^mte  Tidm  fTbeiqii 


junction  of  tbe  two  common  ducts  of 
each  side  there  are  commonly  two  or  more 
distinct  tubular  sacs,  sometimes  very  long 
and  convoluted,  regarded,  from  their  si- 
tuation, as  vesiculai  seminales.  The  com- 
mon ejaculating  duct  from  these  spermatic 
glands  and  TesMrles  enters  tbe  base  of  the 
penis,  which  organ  of  intromission  has 
commonly  two  homy  projections  at  its 
free  extremity,  for  separating  the  sides  of 
the  ▼ohra  to  admit  the  spermatiellQid.  In 
the  Bcuterella  nigro  lineata  the  testes 
consist  only  of  a  single  wide,  short,  glan- 
dular tube  on  each  side,  with  a  short  vas 
dciftrea%  leadiDg  to  two  very  short,  wide, 
KNmd  laes,  or  vesiculse  seminales;  and  be- 
sides these  there  are  also  innumerable  mi- 


are  hatched  in  the  caeca  of  the  ovari«i> 
and  before  parturition  a  single  distinc^y 
formed  scorpion  is  found  extended  in  esek 
csecum,  with  its  long  narrow  tail  lying 
next  to  the  oviduct.  The  two  testes  of 
the  male  open  externally  by  two  distinpt 
penes,  corresponding  in  position  witk-ti^ 
two  vulvae  of  the  female.  The  two  ova- 
ries of  the  spiders  and  tajrantula  lie  to- 
wards the  anterior  and  lower  jpart  of  the 
abdomen  {  tbejr  consist  of  two  short  sride 
sacs,  and  open  separately  near  the  respi- 
ratory orifices.  The  parts  considered  j|« 
tbe  male  organs  of  excitement,  eoocsijld 
in  the  terminal  joint  of  the  palpi,  Iwi* 
been  often  observed  to  be  darted  repeat- 
edly into  the  two  vulvse  of  the  f^^o^e 


nvrte,  short,  tubular  Teifoolee,  disposed  In  dtmng  tlio  act  of  impregnation^  ^I^.^ 


tufts,  and  opening  in  the  same  part  of  the 
ejaculatory  duct.  In  the  ceionia  aurata  each 
testicle  consists  of  twelve  small,  round, 

f glandular  Tosicki^  with  sepanrte  ducts, 
cading  to  a  common  vas  deferens,  and  at 
the  point  of  union  of  the  two  vasa  defe- 
r6ntia  there  are  three  pairs  of  small  con- 
Tohited  glandular  tubes,  in  tbe  situation 
of  the  vesiculoc  seminales.  In  the  penta- 
ioma  tmaragdula  there  are  three  different 
kinds,  and  aninealenlableiimiiberoftbese 
glandular  tubes, named  vesicuhewminales ; 
in  insects  there  are  two  tufts  of  minute  con- 
voluted tubular  filaments,  twolarge,  round. 


mygale  these  two  male  oi^^ans  of  tbe 
psdpi  have  precisely  the  form  of  a  penis. 
Some  uf  these  animals,  after  enveloping 
their  ova  in  a  network  of  fibres,  and 
attaching  them  to  uome  solid  surface, 
leave  them  to  nature  j  others  place  tbeiu 
near  to  tbebr  ceU,  so  as  to  watch  kiiA  fiio- 
tect  them,  and  others  cany  the  en- 
veloped mass  of  ova  attached  to  their  ab- 
domen. The  umbilical  chord  f^V^K^  ^ 
the  back  part  of  the  embiTo.  '  ;•;  t  o 
In  the  Crustacea,  as  in  the  arachnlda, 
the  organs  of  generation  of  both  sexeu*** 
cuinmoniy  double,  both  in  their  iotenMl 


simple  vesicles,  and  two  groups  offau^Ser  tor-  I  parts  and  in  their  external  openi^gMM^ 


tuous  glandular  tubes,  and  all  these  organs 
open  into  the  commencement  of  the  §iaca- 
latotT  oumI  of  ib»  seminal  fluid.  TlNse 
^udnlar  acoMtory  tubes  vary  more  than 
any  other  parts  of  the  male  organs.  Not- 
withstaudiug  the  great  dissimilarity  of  the 
•exes  In  the  adult  insects,  In  tbeir  Internal 
as  well  as  their  external  conformation, 
the  male  and  female  sexual  organs  are 
found  to  be  almost  identical  in  form  in  the 
tetpirlod  of  their  devslopoMUft  In  tbe 
larva,  as  we  find  in  tbo  MXiud  parti  of 
vertebrated  animals. 

The  sexual  differenoet  are  generally  less 
maiked  externally  in  tbe  arachnlda  thn 
in  insects,  and  their  internal  organs  are 
moie  completely  double ;  the  sexes  are  in 
dUbrsnt  Individualib  and  tbe  generative 


they  terminate  on  the  surface  at  a  dii* 
tance  from  the  posterior  extremitf.pf .t^ 
trunk.  In  the  maeravoot  deeapodii^ 
two  ovaries  are  seen  in  the  cephalo- 

thorax,  extending  longitudinally  between 
the  sides  of  the  stomach  and  the  Ip^^ll^ 
the  liver.  They  oonilsc  of  ttfa.fiwm 
glandular  lengthened  sacs,  wklllii>  extern 
backwards  into  the  po8t-abdoiD60ii_99^ 
communicate  with  each  other  by  a  -w^ 
openmg,  before  they  tsrminate  iu  ths  tfo 
oviducts.  The  two  oviducts  descend  aloug 
tbe  sides  of  the  trunk  to  tbe.^auncbss>>f 
tbe  middle  pair  of  legi^  when  thqr  <VI*i' 
on  the  ventnl  stufaoe  by  two  round  holsii 
or  vulvse,  commonly  surrounded  with  pro- 
jecting hairs.  Tlie  mature  ova  ditcbarge^i 
tfarougb  these  two  openings  oro:  fmflltll 
under  the  post-abdomen,  and  are  tut* 


organs  are  symmetrically  developed  on 

tbe  two  sides  of  the  body.  The  ovaries  i  pended  by  glutinous  filaments  to  j^ 
s&d  tbe  testes  still  present  tbe  form  of  ilxinged  edges  of  the  false. 
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cliord  or  yolk-bag  here  alao  anton  the  in* 
testine,  not  by  the  lower  foiface  of  the 

nnimal,  but  by  its  dorsal  or  upper  surface, 
the  intestine  being  nearest  to  this  surface, 
•Afl  'thli  ftnimal  beintr  InverMd  in  all  its 
parts  hi  the  ordinary  position  in  which  it 
rests  or  moves.  The  testes  consist  of  two 
long  glandular  sacs,  with  a  lengthened 
and  convoluted  epidtdymteeKteading  from 
eacb.  Thrr  are  situate,  as  the  ovaries  in 
the  female,  near  the  sides  of  the  heart  in 
the  upper  part  «f  th«  trunk,  and  each 
iends  down  its  vas  deferens  to  terminate 
5n  a  Inns:  tubular  exsestile  and  erectile 

Eenia,  which  is  lodged  in  an  open  cavity 
t  the  base  of  the  last  w  fifth  pair  of  legs. 
In  the  brachyurous  decapods,  and  all  the 
lower  orders  of  Crustacea,  even  in  the  en- 
tomostracous  tribes,  the  ditiposition  of  the 
genital  organs  Is  found  to  be  neatly  the 
tame  In  many  of  the  cntomostracous 
Crustacea,  the  mature  ova  descend  from 
the  abdomen  into  two  long  pendent  thhi 
sacs  attached  to  the  posterior  part  of  the 
tt'ink,  in  which  they  are  preserved  till  the 
emhryos  are  fully  developed,  as  we  saw 
eoimnon  fn  lemese,  and  many  other  forms 
of  epizoa,  which  apptooch  moM  closely  to 
the  Crustacea. 


LECTURE  LVII. 

QH  IH£  GENERATIVE  SYSTEM  IN  THE 

MOLLl'SCOUS  CLASSES. 

Thr  aseiUia  and  the  oyater,  though 
Hior^  highly  orgaalKed  in  all  that  relates 
to  nutrition,  can  as  little  seek  for  a  mate 
at  the  ooral  that  grows  beside  them,  fixed 
IMmoveably  upon  the  took.  The  slow- 
moving  or  fixed  tribes  of  radiated  animals, 
like  the  cryptogamic  plants,  are  all  gene- 
native  or  female,  but  the  free  and  active 
iMieuIftftMl  tifhes,  orgnaimd  for  life  and 
enjoyment,  we  have  seen  to  jio'scsa  not 
only  distinct  orgaTis  of  generation,  but 
organs  of  excitement,  and  separate  sexes, 
*WMi'«ll'the  eompUcatcd  instincts  which 
iaccom]3anv  those  conditions  of  existence. 
From  the  imperfect  development  of  all 
thfeir  OTfjaiM  of  relation,  sod  ftom  fheir 
inert  and  often  fixed  state  of  existence, 
the  lower  molluscous  animals  are  almost 
■in  the  condition  of  eoo^ytes  in  ail  that 
MlalNMi  to  generalkMi.  The  timlented  and 
conchiferous  Rnimali,  for  the  most  part 
endowed  in  extra- vascular  coverings,  and 
attached  immoveably  to  the  surface  of 
*1tMSkM,  have  no  means  of  impfegnatfaig 
thfir  ova  by  the  conconr'^e  of  sejmrnte 
individually  and  many  moUuscous  animals, 
higher  tmxi^Mm  te'^seale,  are  almost 
MMilarly  clrcuroBtanced,  from  their  im- 
p^iim'timta  «r 'toMVOtieo,  aniltha  km^ 


perftd  developiMiit  of  their  o^gsns  of 

sensation  and  perception,  by  which  the 
presence  of  the  sexes,  if  they  existed  se- 
parately, might  be  recognised.   In  ihe 
lowest  componnd  tunicated  animals,  as 
the   aplidium  and  polyclinam,  distinct 
orgaus  of  generation  aie  already  observed) 
in  the  form  of  a  simple,  glandular,  ovarial 
sac,  with  a  ingle  oviduct,  which  ascends 
along  the  side  of  the  intestine  to  open 
near  the  termination  of  the  rectum.  This 
single  ovary  lies  commonly  at  the  dkMed 
extremity  of  the  ?nc;  it  is  sometimes  found 
empty,  and  sometimes  filled  with  ova 
grouped  together  and  attached  by  convo- 
luted filaments.  The  lowest  ova  are  the 
largest,  and  the  ynnn^  arc  eomethnes  seen 
distinctly  developed  in  the  course  of  the 
oviducts.   In  ihe  aplidium  hiaimm,  the 
ovar\'  is  a  thin  oblong  membranous  sai^at 
the  closed  extremity  of  the  body,  and  ge- 
nerally containing  about  thirty  round  ova» 
which,  when  mature,  escape  through  a 
small  canal  wblrh  ascends  with  the  rec- 
tum.   The  ovary  occupies  the  same  situ- 
tion,  below  the  abdominal  cavity,  in  the 
pofyelinnm  taiumitm,  where  it  tapers  to 
a  slender  tubular  filament  at  its  lower 
part,  and  it  contains  the  ova,  attached  in 
a  similar  manner,  by  filaosents  or  vessslt. 
The  spherical  ovary  of  the  didemnum  eon- 
didnm  is  situated  higher  on  the  left  side  of 
the  cavity  of  the  abdomen ;  and  that  of 
the  fuetflfttm  AospHfolwnon  the  right  side, 
containing  about  five  large  ova,  attached 
by  their  tapering  ends  around  a  central 
mass,  as  shown  in  these  elaborate  plates 
of  Savight.  The  ovary  Is  doable,  how- 
ever, in  several  of  these  coTnponn<I  tuni- 
cata,  as  the  pynmrna  and  the  itoirylluii  as 
well  as  In  several  of  the  higher  mciA'c 
These  animals  are  designated  hermaphro- 
dites by  Satignt,  and  so  are  all  the  other 
acephalous  moUusca«  although  he  admits 
that  thdr  germs  are  susceptible  of  deve- 
lopment winiout  pre\  ions  impregnation. 
But  if  there  are  true  hermaphrodites  in 
this  or  other  classes,  we  ought  to  hud  m 
such  animals  not  only  organs  of  oonoep* 
tion,  or  female  organs,  but  also  some  trace 
of  those  of  impregnation,  or  of  the  male 
sez.  In  that  elegant  vlolet-oobmred  ani- 
mal the  diazma  violaceot  with  all  its  oom<» 
ponent  ascidise  radiating  around  a  central 
point  like  the  extended  tentacula  of  aa 
acthiia,  we  observe  a  single  round  ovary, 
surrounded  by  a  fold  of  the  intestine,  aud 
lodged  in  an  inferior  cavity,  prolonged 
from  the  general  cavity  ul  the  abdomen, 
and  the  oviduct  ascends  with  the  intee- 
tine  to   terminate  near  the  anus.  The 
large  and  single  ovary  of  the  distoma,  with 
its  regularly  disposed  straight  rows  of  ova, 
is  placed  hi  a  similar  sac,  below  the  abdo- 
meof  it  i»  maeh  mors  bngthened  and 
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wng  oonvoluted  tube  in  the  rioiWim,  The 

lower  closed  portion  of  th'm  \or\e;  ronvo- 1 
luted  spiral  tube  ol  the  i^yiUinu,  secretes 
iSbt  tff%,  -wlddi  iM  devtloped  «i  they  pass 
along  towaids  the  abdominal  cavity,  and 
the  upper  portion,  forrtiing  the  oviduct, 
tcrininates,  <ui  usiual,  ntai  the  anus.  The 
animals  composing  the  aggregate  mass  of 
the  botryllus,  though  formed  originally 
teparate  £roro  isolated  ova,  appear,  from 
Ate  oliaenwlicmi  qi'SAVtoitT,  to  be  already 
grouped  t(^;etlier»  as  they  are  in  the  adult, 
hofore  they  ^'j<cn]>o  from  the  >)ody  of  the 
parent.  This  ammal  has  two  large  round 
^^iteovariei  plaoed  on  the  lidet  of  tbo 
abdominal  cavity,  and  the  mature  ova  ap- 
pear to  pass  out  through  a  long  tortuous 
oviduct,  to  be  collected  iu  aii  aggregate 
mast  bdbre  they  are  finally  expelled  from 
the  sac.  There  arc  also  two  ovaries  in 
the  pyrosoma,  placed  fon\'ardS9  near  the 
'reai^nitiyry  orifice,  and  nirltb  two  short  and 
coloured  oviducts ;  the  o  \  a  pass  out  tepap 
rately  from  the  oviducts,  but  the  voting 
collect  at  the  bottom  of  the  sac,  and  are 
grouped  togeUier  like  the  parent  nasa  be- 
fore they  are  discharged.  Four  of  the 
fa'tuses  aggregated  together  in  a  circular 
manner,  and  developed  to  a  considerable 
lise,  appear  to  escape  on  each  oocailon 
■from  the  anal  orifice  of  thp  respirator)' sac. 

In  the  boltenia,  as  in  most  of  the  simple 
liolated  formfl  of  tmdcated  animals,  there 
are  two  ovaries  and  two  oviducts.  These 
ovaries  arc  unequal,  lengthened,  lateral  in 
their  position,  extended  longitudinally, 
and  provided  witb  two  abort  oviducts 
■which  open  near  the  anus.  Tlic  little  gra- 
nular masses  composing  the  ovaries,  in 
some  of  the  cytiikue,  are  veiy  numerous, 
and  are  interposed  in  rows  between  the 
several  folds  of  the  br.nnrhial  sac  ;  but  in 
all  the  phalltuia  this  organ  again  appears 
single,  witbtbe  ovidact  running  along  the 
lower  part  of  the  rectum  to  the  anus.  It 
]<>  ingle  in  the  clavelina,  and  placed  in  a 
fold  oi  the  intestine  at  the  bottom  of  tbe 
sac.  Tko  ova.  In  many  of  tbe  bigber  ssci- 
di»,  appear  to  be  retained  for  a  time  in 
connexion  with  the  branchial  sac,  as  the 
ova  of  the  conchifera  are  attached  to  the 
gfOs^  to  promote  the  development  of  the 
embryos;  andCuviERimap^incdthemto  }»l 
impregnated  iu  this  situation  by  a  seminal 
fluid  fnm  an  excretory  dnct  near  tbe  rec  • 
turn.  Distinct  male  organs,  consisting  of  a 
testicle  and  spermatic  vessel,  arc  given  by 
Chiajb  to  saipte^  aMcidia,  wad  other  genen, 
of  tonicata,  along  with  their  organs  of  con- 
ception or  female  parts,  but  the  function 
of  all  such  supposed  male  organs  superadd- 
ed to  the  female  parts  in  the  same  iudwi- 
'•dual,  are  at  feast  equivocal. 
•  Tk»  InhaMtanti  of  bivalve  ahelii  u% 


sfanDarly  dreanstsxtccd  to  4is  Mnhplal 

animals  in  all  that  relates  to  gensratoos, 
and  they  present  the  closest  r*- semblance 
to  tiiem  in  the  form  and  dupositioa  oi 
theb generative  organs.  IbelUsdcQafi- 
tion  of  most  of  the  c  onchifera,  and  tbdr 
close  envelopnient  in  exterior  shells,  arc 
incompatible  with  the  existence  of  &ep&' 
rate  sexes  \  and  we  ftnd  ttiat  they  are  not 
only  all  alike,  grnrrntive  or  females,  but 
that  their  generative  organs  are  of  the 
simplest  kind.  Tbe  cfvary,  generalljr  sis- 
gle,  sometimes  double,  with  two  oviducts, 
occu])y,  for  the  roost  part,  the  anal  extre- 
uiity  of  tbe  cavity    theabdimiea.  Piaeiog 
these  animals  on  their  ventrsl  nabm, 
with   their    branchial  laminae  hanging; 
downwards,  and  their  (r5opbageal  open- 
ing, or  mouth,  directed  lor\\  ards,  we  find 
tbe  upper  and  back  port  of  the  abdosuMl 
cavity,  above  the  expanded  base  of  the 
foot,  occupied  with  the  mass  of  the  owf, 
sooietimes  ronnd,  conglomerate,*  sni  Mm 
in  its  form,  as  in  the  mac/re,  and  soipe* 
time^;  of  a    ngthened  and  divid<rd  fonn, 
extended  along  each  side  of  the  rectum, 
and  eonsbting  of  nmnerou  oaeoa  filkil 
with  ova,  and  leading  to  a  common  duct 
on  each  side,  as  in  the  cardium.    The  oti- 
ducts  here,  as  iu  most  of  the  tunicated 
animals,  extsnd  ahmg  the  sides  and  Mr 
part  of  the  rr  chim,  to  open  near  the  aaof. 
in  the  solen,  the  large  ovar>',  distended 
with  ova,  fills  tbe  whole  of  the  lengtbesed 
and  wide  cavity  of  tbe  foot,  as  well  as  tbe 
posterior  part  of  the  abdomen.    The  ova 
are  at  first  transparent  aiid  boQK>geoccm!> 
tbronghont,  and  at  length  the  cmteyo  sp 
pcnrs,  as  a  central,  opaque,  round,  nudeos, 
surrounded  with  a  colourless  fluid.  When 
the  ova  are  at  length  discliarged  from  tbe 
oviducts  into  the  general  res|nrBtS(ys»> 
vity  of  tbe  mantle,  they  become  attr.rM 
to  the  compon£nt  parallel  hbi^  oi  li^^ 
brancUai  laniinsB,  where  tbe  little  embryoi 
arc  protected^  aen^ed,  and  developed,  till 
they  are  in  fit  condition  to  be  discharged 
with  the  cui-rents  of  water  passing  out 
through  the  respiratory  voMt^  as  woMe 
the  ova  of  crustaceous  animals  attadied  to 
the  false  feet,  or  to  the  extern nl  brandiiei 
after  they  have  been  discliarged  Iroin  titt 
oviducts. 

By  opening  the  ovary  of  the  tfiya  pk" 
to  rum,  imder  the  microscope,  Poli  mi 
delighted  to  discover  sevond  of  the  sa* 
bryos  so  highly  developed  that  they  opened 
their  little  shells,  and  moved  abcirt  bripVly 
on  tlLQ  ol:uect-glass  as  soon  as  they  escaped 
ftom  their  enveloping  orm,  Tl»  onudMSi- 
selves  taken  from  the  ovary  of  the  phvfat 
daetylus,  have  the  lengthened,  conic  al,  sad 
truncated  form  ul  tiie  adult  auimuL  l%e 
large  and  deep-colauiasdi«va|ryof  < 
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aaik  cavity,  and  aa  the  ora  enlasge  in  the  |  similarly  circumstanced  to  the  acephalow 


divisions  of  this  minutely  ramified  i»landa- 
iax  tiiic,  they  eucioacii  upoa  the  abdommai 
fKtooera,  and  appear  to  surroiudtht  'vriMle 
canty  of  the  abdomen  with  a  continuous 
\mBum  of  agg^^g^ed  ova.   The  ovarj^  of 
the  common  muscle,  mylilus  eduiia,  eUu* 
-ate  on  the  upper  and  baiok.parft  of  til*  ab- 
dotuinal  cavity,  and  of  a  light  rose-red 
colour  when  the  ova  cummence  their  de* 
vido|imfiit»  extends  kt  Jong  and  delioale 
«amificati(Mi8,  from  a  common  trunk  on 
each  side,  over  the  whole  substance  of  the 
mantle,  between  the  two  parietesof  tbateiL* 
Mfv«nMtiik>>aecntiog  tunie  of  Hie  body. 

By  the  enlnrp^ement  of  the  ova  in  that 
Bit«atiou  between  its  folds, the  whole  man- 
tle becomes  thickened,  the  ova  assume  a 
.yellowish  ^lour,  end  et  length  become 
white,  when  mature,  and  n.  profuse  white • 
coloured  mucous  secretion  is  observed  at 
this  period  to  moisten  the  whole  ewfiwe 
of  the  mantle  and  of  the  contained  parte, 
which  has  been  considered  hy  Poi.i  and 
otheiii  aii  a  spermatic  ^uid,  poured  out  to 
fanprognete  the  ora  oontainedln  tiieinnn* 
inerable  ramifications  of  the  ovary,  and 
in  their  sacculated  shut  extremities.  The 
bUghted  ova  of  these  animate  are  regarded 
by  Pou  as  Ibe  nedei  and  origin  of  pearls, 
which  arc  seen,  liTce  the  white  ova,  adher- 
ing to  various  parts  of  the  surface  of  this 
omnras  msntte.  We  obserre  the  ssne 
extension  and  minute  ramification  ni  Hhe 
ovary  on  each  side  of  the  body,  between 
the  purietcs  of  tiie  montic,  in  its  interior 
snlislMioe^  hi  the  mmmia,  the  o$$mh  and 
many  olher  conchiferous  animals,  as  is 
seen  in  the  common  muscle,  b}'  which 
meens  great  space  and  protection  are 
aflforded  to  the  sweUing  ovm  ei^  the  de- 
veloping embryos,  without  niTich  incom- 
nod^ng  Ufee  visoersa  contained  wiihm  the 
ebdooMMl  csmty.  The  overy  presents 
for  the  most  part  some  lively  hue  daring 
the  development  of  the  ova  in  these  con- 
chiferous animals,  as  we  see  also  in  most 
«lthe  tmuflsSe,  sod  the*  eolour  changes 
considerably  as  the  ova  advance  to  ma- 
turity in  the  ramified  sac  of  the  ovary. 
.Sometimes,  as  in  the  pecten,  jacobmay  we 
observe  one  portion  of  the  ovary  flUed  with 
ova  of  n  very  diffierent  colour,  and  in  a 
dtiiurent  stage  ci  development,  from  those 
vhidi  see  eontafaied  in  the  rest  of  the 
orgao.  The  ovary  has  eonrnmiy  «t  fliet 
a  hrii^lit  rod,  or  violet,  or  brown,  or  yellow 
colour,  whioh  becomes  paler  as  the  ova 
Of ivanoe  in  jftbeir  4eseiopment,  and  the 

whole  distended  organ  assumes  a  pearly-  both  sexes  united  on  the  same  individual 
white  colour  when  the  ova  are  ready  to  i  — tl)at  is,  all  their  genital  apparatus  dou- 
be  discharged.   The  oviducts  of  the  two  ble,  a  combination,  however,  which  they 


tribes,  both  in  their  incapability  of  re- 
ceiving impregnation  from  without,  and 
iii.jtiie  Jimale  character  of  their  gsBsrstivo 
apparatus  in  all  the  individuals  of  the 
species.  The  slow -moving  paieiia,  as  fixed 
in  its  calcareous  pyramid  as  the  oyster  in 
its  bivalved  sheU.  hoselso  equally  wiOfa 
itself  the  means  of  conttnuinR  its  race. 
On  removing  its  lajcge  muscular  loot  from 
die  lower  somoo  of  tiie  abdomen,  we 
serve  the  single  ovary  of  great  sise  occu- 
pyinpr  the  whole  of  the  kft  side  of  that 
cavity,  the  liver  being  chiedy  oonAned  to 
the  upper  and  rii^t  side  of  the  body.  The 
ovary  here,  as  in  most  of  the  conchifera, 
envelops  a  large  portion  of  the  alimentary 
canal ;  and  when  the  ova  are  mature  for 
delivery,  tlie  oigsB  swells  to  snoh  an  ex* 
tent  ns  to  occupy  the  greater  part  of  the 
visceral  cavity*  The  oviduct  single,  wi« 
and  tortooos,  passes  aeross  tiie  upper 
anterior  part  of  the  abdomen,  to  open  on 
the  right  side  near  to  the  anus.    In  the 
chiton,  the  long  and  lobed  ovary  extends 
•long  the  whole  upper  part  of  tbeab4o> 
minal  cavity;  on  the  median  plane,  and  to> 
wards  the  posterior  extremity  of  the  body, 
near  the  two  divisions  of  the  auricle,  two 
oviducts  are  obsessed  to  extend  tnafe* 
versely,  to  open,  as  in  a  cephalopod,  on 
each  side  of  the  body.  The  genkal  or- 
gans boive  the  Sime  rimple  slraetare  in 
the  fimireUa  as  in  the  commeii  limpai, 
and  the  oviduct  opens  in  the  same  manner 
on  the  left  side,  close  to  the  anus.  In  these 
simple  self-Impregnating  forms  ef  gasit* 
ropod?  we  perceive  no  trace  of  organs  ol 
excitement,  or  a  clitoris,  yet  developed. 
This  organ,  which  thus  ajtpeajrs  to  be  un- 
develo|ied  end  nnneoessery  in  the  sslf> 
generating  cyclobranchiate  and  scutibrmi* 
chiate  gasteropods,  is,  however,  distinclybr 
formed  in  moot  of  the  higher  orders  ef  tUs 
class,  where  it  has  commonly  been  tesmsd 
a  penis,  althonc^h  it  is  associated  only  with 
female  parts,  aud  is  the  only  omaxx.  of  ex« 
dtoment  developed  in  these  tir  nnmtff 
hermaphrodites,  requiring  mutual  impreg- 
nation, as  we  see  in  the  air-breathing  er 
pulmonated  gasleropods,  aud  in  the  ieeiU 
branchia^  it^feroinmchia,  and  nudibranchiBt^ 
where  the  intercourse  of  two  distinct  in- 
dividuals similarly  organized  is  uecessaiy 
to  fufwaiid  the  development  of  the  ovn  In 
each.   These  animals,  and  such  as  are 
similarly  organized  in  other  classes,  are 
commonly  termed  androgynous,  from  their 
being  snpposed  to  possess  the  organs  of 


open  bgr« 


are  not 


observed  to 
ia 


We  have 
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*fin  iMftiinint  tnitiriflnn'-  there  are  often 

numerous  pairs  of  prlaoduUr  ceeca,  which 
coiQisuaieate  with  tlie .  tpennatic  veaseis  ^ 

aud  ovaria,  and  we  cannot  nUvayg  per- 
ceive the  analogies  or  the  fimctious  oi 
the  giaods  thus  coonected  with  the  genital  i 
iqritemf'«C<k«  two  Mses  in  then  oompli- 1 
cated   forms.    Now,  in   the'^e  so-iinmed  j 
Ifcermapbcodite  gasteropodti  re<)uinng  inu- 
,Ml  6«iiteiti0at^  where  aU  -  the  iadifMiMb 
fure  alike  jgeimBdYe  or  females,  wc  com- 
monly' observ'o  other  glandular  orf^ans,  be- 
aidea  the  ovary,  counected  with  tineir  oW- 
duot'MMl  wUh  the  idltofitt  In  the  e^ytfa 
the  large  white'lobed  ovary  occupies  the  ' 
posterior  closed  extremity  of  the  abdomi- 1 
nal  cavity,  «s  in  the  higher  classes  of  j 
litMoipodi  aiid<M|iliaIo|iods,  and  the  long,  t 
wide,  and  tortuous  oviduct,  after  rccelvins? 
the  ducts  of  several  distinct  glands,  passes 
Ibrwardt  to  open  on  tiM  rig^eide  el  the 
hody.    The  largest  of  these  accessory 
e:lafids  is  termed  the  tP'^Hflo,  nnd  it  pre-  ■ 
tents  a  convoluted  duct,  like  an  epididy- : 
n^*  <  dAaolher  of  theee  gtaadi,  in  fom  «f  t 
n  simple  «ac,  with  a  short  duct  opcnnn,'! 
nearer  to  the  end  of  the  oviduct,  is  con-  j 
Bideced  analogous  to  the  urinary  organs.  | 
Moat  of  the  naked  gB8teropoda»  as  the  | 
^qUh,  the  iritottia,  the  scylieea,  and  the  i 
dforif,  are  observed,  like  the  itptytia,  toiaa> 
prcgnate,  or  tereDdke'eaake^en  bf  a  dit* 
tinct  organ  of  intromission,  and  this  mu- 
tual copulation  appears  necessary  to  the 
future  developmeut  of  the  ova  in  both  in- 
#i>ldaBli.  The  lamgo  ovavy  of  the  iIbH?, 
single,  as  in  most  of  these  unsyinmetrical 
raoiiuscous  classes  of  animals,  is  imbedded 
in  the  substance  of  the  liver,  and  sends 
te  long  tortuous  oviduct  to  oiien  with  the 
organ  of  intromi'^sion  nn  thr  rit'lit  side  of 
the  ixMly — the  most  Uei^uent  position  for 
the  opening  of  the  genital  organs  both  of 
tiie  Mdced  and  the  testaceous  gasteropods. 
Sereral  glandular  organs  of  doubtful  func- 
tions and  analogies  are  observed  here  also 
to  open  into  these  two  systems  of  genital 
orgrLiis.    In  the  little  elegant  floating 
aeyU<pa  the  ovary  fills  the  right  and  pos- 
terior part  of  the  abdominal  cavity,  and 
has  a>  twuul  lann,  like  the  urinary  sac, 
which  80  commonly  accompanies  this  or- 
gan: in  the  gasteropods.   The  testicle,  as 
itF'ie  -termed,  is  here  divided  into  lobes,  as 
•itf'  the  tritonlA,  and  the  organ  of  cxcito- 
Tticnt  or  intromission,     a  long  tortuous 
chord  capaiiic  of  exteiidnig,  erect  from 
tbo  'right  aide  of  the  body.   The  loM 
ovai  r  of  the  snail  is  plrtccfl  at  the  poste- 
rior pai't  of  the  abdominal  cavity,  con- 
cealed by  the  large  lohOTof  the  Uinsr,  and 
ttiO'loag  narrow  oviduct  opens  into  a  wide, 
long^'eaeoaiated'.cavity,  teimed  the  ntnite 


appear,  to^boteoneeted  aod-  aratdiMi'  ^  The 

duct  from  thiy  receptacle  of  the  6va,ilaiHl 
the  duct  from  the  two  divinoDaiitf  ilhe 
tORtieie}'  aarter'Ihe"  great  genenrtM  itoet 
the  base  of  the  long  erectile  orppn  nf  in- 
tmmtasion,  which  is  extended  in  the  sjanw 
manner  as  the  tentacula  iu-e  projectetl 
from  their  diieathi  when  the  two  Indi- 
vid uala  advance  ^vith  their  right  sidestlo 
each  other  for  impregnation^  Ite.ilHid 
voiind'iiriDary  Madder  {eitaOrdspneenlinHl 
several  nmltifid  glandriar  iverioilesnpoir 
their  secretion  into  the  snmc  canal.  "The 
thin  beil-siiaped  sac,  containing  the  ^ip- 
pointed,  fbaih^dgfld,  loalQaraoniv'iii  MHliift 
dart,  is  turned  insiile  out,  like  the  commOTi 
genital  sac,  before  this  remarkable  instini- 
ment  is  prepared  for  action.  With  dlfltt 
Uttis  laarinated  all  I  ifomi  {mrttonftol  dita- 
reous  mntfer,  moiilflnd  into  a  quadran- 
gular periphery  by  the  four  aides  of  the 
oometaiag  ■taeatli>4ho  'tiro 'wrib' engage 
in  amoieitf^  contest  as  a  prelude  to  their 
embraces,  and  when  a  portion  of  the  in- 
strument is  biT>ken  off,  which  often  re- 
raaine  fixed  In  the  opponenl^t  shtati  it^ii 
renewed  by  the  addition  ot  new  lamiOK 
to  the  lived  haso  of  this  delicate  spine. 
Ttic  dare  is  wanting  in  the  naked  «iu^, 
though  as  langoM  is  aUtliete  awvHieBh 
as  the  snailp. 

The  most  elevated  form  of  the  geniul 
mffprnnum  knot  with  in  tMh^daas^  tlanigh 
not  the  most  complicated  in  the  number 
of  its  is  that  separate  condition  of 

the  sexes  presmted  by  the  great  order  ef 
pectSnibfan^laA'  f^Mterapods,  ooo^im* 
bending  almost  all  the  inhahitaiits  of  mii- 
valve,  unilocular,  spiral,   or  turbinated 
shells.    In  these,  as  ia  the  higher  dasfls 
of  animals  where  the  HOVee  «R9««epsa^) 
we  still  see  the  closest  analogy  i«  th^* 
•truoturcr  <A  the  genital  organs  tn  ail  |he 
indMdoale  of  the  epecifee^  a»4^  tkaHte 
sexual  distinctions  arbe  not  from  the 
mation  of  new  or  distinct  or^ns  in  ffif- 
ferent  individuals,  but  from  tiie  unequal 
development,  and  a  change -of  fnfietlOBrHf 
parts  nf  the  «anie  npjmratus  cnrr:rtnn  to 
both,  from  the  great  development  of  tbe 
organs  of  excitement  in  certain  indivMiudi 
constituting  the  male  eesi  midtlieTgN* 
development  of  other  parts  of  th*^  ssmt 
stracture,  reiatiog  more  immediately  to 
conception  in  thote  iodlvidvalt  wfeMi 
compose  tbe  female  sex.    In  the  pectini- 
branchia  we  commonly  find  the  bug,-  tt^ 
pei*iug,  lobed  testicle  of  the  maie,  {dace^ 
on  the  right  tide  of  the  posterior,  n&n««, 
and  spirilly-twisted  portion  of  the  borf)' 
which  fills  the  closed  extremity  of  tbe 
shell.  It  accompanies  tbe  lengthenedOwsr 
in  Ue  course  through  thla  tigering  pos- 
tmior  part  of  tbe  cot^fWoA  kecpeithe 
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nght^  stdeo£'that  4Rf|^l!farougii  the  spiral 

•volutcd  at  its  coin  men  cement,  like  nn  epi- 
didymis, keeps  the  same  aide  of  the  body, 
Wiod  becomet  iride  and  torinons  to  the 
•Bifi;isai:of  tb*tuini»joath*.ri^'and  an- 
tfi  ini"  part  of  the  cavity  of  the  mnntle. 
At  this  pait  it  enters  the  long,  muscular, 
dud  MMictfo^  organ "  of 'ttnilenieirtt  Hloiig 
the  inner  surface  of  which  it  passes,  still 
wide,  arid  convoluted  in  a  zicr-za??  manner, 
tta  the  small,  tubular,  conical  orgau  of  iu- 
imnMon,  placed  at  the  distal  eKtemity. 

The  ovary  of  the  female,  like  the  testicle 
of  the  male,  extends  aloag  the  right  side 
of  the  liver,  through  the  small,  tapering, 
spiral  turns  of  the  oImIL  The  long  and 
vvide  oviduct  passes  forwards  on  the  rip-ht 
side,  like  the  vas  deferMis  of  the  male, 
tmA  after  Makhifr  to  form  a  large  glan- 
dolar  sac, close  lo  the  l  ectiuM,  it  opens  ge- 
nerally near  to  tiic  anus,  nt  a  short  dis- 
tauue  l>ehind  that  oriiice,  aati  near  to  the 
l^ndalar  foHeted  tac,  largest  in  the  fe- 
inale,  which  appcnrf?  destined  to  form  the 
toiigh  capsule  we  commonly  hnd  covering 
the  ovB»'  IikllM  ooniBon  purpurm  I^Uus 
theae  cqMules  have  titie  f!^m,  and  colour, 
and  size,  of  grains  of  corn,  and  are  attached 
88|Kurately,  by  a  little  spreading  peduncle, 
tBttwiiaudttotihewnftoeof  yocka^  b«u» 
the  shores  of  the  sea.  The  homy  ra[)<?nlc;i, 
when  firs't  deposited,  are  soft  and  white, 
hut  they  soou  become  firm  aud  yellow,  and 
each  ootttefaM  Hihont  Iftjr^flve  enbfyos, 
whioh  escape  from  the  capsule  ^vhen  ma- 
tai%  by  the  operculum  at  the  free  extre- 
nmtf  'or  the  eepoale  dropping  off.  Thare 
eve  abcM^  twenty  young  developed  in  each 
capsule  of  the  buccinvm  imfJatmn,  which 
eapsulea  have  the  lurm  and  size  of  split 
pea%.«id  ereeMMneled  togotber  in  lai^ 
balls,  containing  three  or  four  hunth-cd 
capsules.  Many  genera,  however,  as  the 
trocUut  and  ruriia,  deposit  their  ova  in 
Hriettgoletleotis  m^ses,  which  are  attach- 
ed to  the  surface  of  marine  ]ilnnts,  wiih- 
ont  h&ving  an  exterior  capsule  to  protect 
them,  end  we  eoe  ove  OMvelopei  to  the 
same  naked  gelatinous  transparent  mass 
in  the  fresh-water  pnltnonated  gasteropoda, 
es  the  iimneaf  and  m  most  of  the  naked 
■Htine  spedeib  ei  the  dori»,  mlk^  mud  tri- 
iome.  The  younj?  embryos  arc  provided 
with  double  circles  of  vibratile  cilia,  which 
eve  seen  in  rapid  eetion,  tbroofh  the 
tMOfpuMBt  iidet  of  the  ova,  and  with 
these  organs  they  are  able  to  swim  freely 
through  (be  sea  when  they  fijrst  escape 
imm  the  ere;  thia  it  observed  botii  In  the 
pectinibrancbiatc  and  nudibranchiate  gas- 
iero]>od«,  and  iu  species  of  other  orders. 

The  generative  organs  of  the  pteropods 
Mi  UMirtm  Iml  on  the  limpleit  plan  of 
thtio  priMHtd  by  tlM  midthwawMate 


gastiiropods,  to  which  these  animals  are  to 
etaMeljr-elliMl  fo'^lMir  IMkij^  biMli:  'M 

the  Viottoni  or  ])08terior  pnrt  of  the  closed 
sac  formed  hy  the  mantle  in  the  ^lio  b0» 
rnUUy  is  found  the  lo4)ed  ovary,  with  e 
short  and  narrow  evfdliiet  which  opebe 
into  a  wide  and  1  on p:  convoluted  plnndulnr 
canal,  con^dered  generally  as  a  testicle. 
This  glamtillar  eelarged  porilea  of  tbic 
oviduct  terminates  In  a  small  vontid*flliD^ 
which  opens  ii»>dGr  the  branchial  tr^- 
panded  membrane  on  the  right  side  of  the 
body,  wbeie  the  otffm  vt  exOlteineiit  la 
placed.  Tn  the  b</alpn  the  ort^ans  of  ge- 
neration are  nearly  the  same  as  in  the  etio 
in  their  atoucture,  but  not  in  their  forms. 
The  ovary  of  the  Aya/«a  occupies  the  wh«4e 
of  the  right  side  of  the  .ihdominal  cavity, 
and  the  testicle,  as  it  is  termed,  is  nearly 
as  large,  end  ef  e  lengtbenad  and  lobed 
form.  The  short  ducts  of  these  two  se- 
parate glands  open  into  a  more  wide  and 
commou  canal,  and  the  short  curved  organ 
qf'eielteipeat,  lyhigbdow  the  oBsophagas, 
opens  at  a  little  distance  from  the  month. 
The  struct urc  and  form  of  these  organs  is 
nearly  tbe  eame  in  the  pnaanodermon^ 
where  tbeicoBiiiM»  eeaal  of  the  every  and 
tesrticle,  or  accessory  gland,  opens  a  little 
anteiior  to  the  anus,  in  a  groove  extend- 
ing forweids  on  the  right  side  of  the  bodf . 
So  tiiat  we  o!).serve  a  consideralile  rsoem- 
blance  iu  these  female  orcrnns  of  the 
pteropods  to  those  of  the  iritonitPf  icyiUK^tt 
and  other  naked  gasterapods  enrvied  by 
the  floatin<^  fiici  through  the  ocean. 

in  the  cephaiopods,  as  in  the  Ashes 
lAeve  then  in  Ae  scale,  the  sexes  are  dis- 
taict,  and  placed  oa  dilfcrcnt  individeela, 
but  the  females  appear  to  he  much  more 
numerous  than  the  males,  in  hity  argo^ 
«MMl«diss«oied  hj  OsiAae,  net  one  eres 
male,  and  in  tiic  more  common  forms  of 
naked  cephalopods  the  proportions  of  the 
males  to  the  females  are  regarded  as  one 
to  twenty.  The  females  appear  sAso,  es 
in  fishes  and  amphihin,  to  be  larger  than 
the  males  of  the  same  species.  The  ovary, 
single  like  the  testlde  of  the  male,  oc* 
cupies  the  posterior  closed  extremitjr  of 
the  ahdofiiiiinl  sno,  nnd  consists  of  a  mass 
oi  minute,  iQund,  highly  vascular  vesi- 
cles, connected  to«ctber  bf  iweMed  pe* 
duncles.  This  ramified  cluster  of  ovife- 
i-oua  bodies  is  surrounded  with  a  minutely 
striated  and  glandular  capsule  to  tlie  an- 
terior part  of  which  it  is  suspended.  Ttae 
oviduct,  arising  sinirle  from  tbiscapseie, 
soou  bifurcates*  end  each  division  of  ti^ 
daet  pesses  tfaieugh  a  pyritemitmiwi. 
ted  glandular  organ,  like  those  of  Hie 
two  oiidiicts  of  raj's  and  sharks.  They 
opeu  HI  the  intenor  of  the  sao  of  the 
maaitte,  on  each  side  of  the  hoty,  at  eonie 
diiiimbdMlheivid«bMe;iftb9lviael. 
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The  tesiicto  occupies  in  tho  male  the 
mme  ^kuee  m  tin  wary  of  the  female,  and 
consists?  of  a  coupcries  of  raniified  snuill 
oecal  tubes,  contained,  like  tkte  anaiogoiu 
organ  of  the  female^  in  a  i^mdulor  ttrtated 
capsule,  from  whieli  tiw  tSUn^mutm,  con- 
volTTted,  spermatic  vessel  commences.  The 
vas  deferoM,  pasting  to  the  left  side  of  the 
iMdy*  eaten  a  non  ^id9  tartwnu 
(flanal,  which  receives  the  orifice  of  a  small 
round  sac,  as  in  most  of  the  gaateroy>ods, 
before  it  terminates  in  the  short  tubular 
petAt.  In  tide  nnidl  imind  sac  are  con- 
tained the  remarkable  sj)iral  filaments 
of  NsEDHA&r.    The  male  organ  of  excite- 
ment, placed  on  the  left  side,  extends 
farther  forwards  towards  the  base  of 
the  funnel  than  the  oviducts  of  tho  fe- 
male. The  products  of  the  generative 
organs  In  both  leiM  tpipear  to  bo  con- 
veyed CNitwards  through  the  funnel.  The 
ova  of  the  loliffo  pass  out  enveloped 
in  short,  thick,  white,  gek^nous  chords 
■ttsdied  to  each  otiier  in  sinaaa,  and 
fixed  to  marine  ])lant*;  or  other  submarine 
bodies.   Those  of  the  sepia  pass  out  at- 
tached to  each  other  by  gelatinous  pe- 
dvncles,  like  a  cluster  of  bbickgraf«,and 
are  attached,  as  in  the  other  genera,  and 
as  in  mmt  of  the  inferior  moUuaeous 
ftowtt,  to  tiio  Mvlhoo  of  MibniaviBO  bodiei, 
where  they  are  left  to  pass  through  the 
succeeding  stages  of  their  development. 
The  instincts  of  these  highest  of  the  mol- 
hvcoac,  and  of  all  tbe  invertobeated  ani- 
mal?, appear  not  to  extend  beyond  the  de- 
position and  impregnation  of  their  ova, 
and  the  fixed  condition  of  some  of  the 
minute  exiiting  foraminiferous  cephalo- 
poda, by  mean*!  of  their  shell,  or  by  some 
part  of  their  body,  has  led  to  the  belief 
thai  tiirfr  genital  enftem  mnet  be  mOaanfy 
female,  like  the*  ei  the  loweel  aicepiiekms 
moUusoa. 
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The  sexual  differences  of  the  genital 
organs  alteidy  eiloblMil'd  es  a  nomnd 
character  in  the  cephalopoda,  is  preserved 
throughout  all  the  classes  of  vertebrated 
animals,  but  we  still  Und  all  the  iudi- 
vMuale  of  eech  species  of  these  Itigbett 
tlassf?,  commencing  their  development  in 
both  sexes,  with  the  same  Ibtbi  of  genital 
eupMietin>  flfind  that  fom  U  fcmele,  Uke 
•BtbeledTCettribeeof  faivertebrated  ani- 
mals in  their  adult  state.  In  all  the  nm- 
mals  we  have  hitherto  examineil,  the  male 
«nd  the  teale  orgene  nie  alike  Oloeed 


their  lower  eatemi^  wifices,  so  Ih&t  tlie 
ovaiy  and  the  teMe  liaie  feeeii  Kitheite 
continuous  with,  and  parts  of^  the  ori- 
duct  and  the  vas  deferens,  and  tlw 
same  chencter  continues  in  the  Mil 
organs  upwards  Jo- OMin  himadC  -Sh^'l^ 
dating  ^andnlar  part  of  the  ovary  WW, 
however,  heoomes  distinet  irom  the  ovir 
duct,  and  preeweee  tiie  laaklei  dMtttitr 
of  a  separate  and  closed  o\'ary,  from  the 
cartilaginous  fishes,  upward;*,  through  all 
the  higher  vertebrata  ^  so  that  bavmg  QO 
duct  er  ontiet^  tho  eeuittieMi  d^tiR  «oi» 
[jonent  cnrcn  of  the  ovary  mmt  burst  their 
capsule  to  escape  into  the  detached  014" 
duct.  The  organa  of  generatMMiita-lhl 
veftebnied  classes  are  nlwagra  douUe  and 
symmetrical  in  both  eeoces  at  an  e&rif 
period  of  existence,  but  theic  devekopmeat 
proQteda  Unequally  en  the  t«PO  eider  ef 
the  body  in  the  fiemales  of  birds  and  mo- 
notrema,— the  last  remnant  of  their  un- 
symmetrical  devdopmeat,  so  common  in 
the  iniFevtehfeied,  and  eapeetelly  in  tit 
mollusrniis  tribes.   The  similarity  of  these 
organs  in  the  two  sexes  is  most  obvious  at 
the  enrtieet  period  of  their  development  ie 
the  Idgtanit  classes,  and  tbrougboot  their 
whole  career  in  the  lowest.    It  is  pro- 
habiy  fron  tilte  close  resetublance  in  the 
itnieture  endlbnnnf  the  genital  orgeMef 
the  two  sexes,  that  many  spedes  of  dsbet 
have  been  regarded  as  coni^i sting  eAtirelf 
of  females*   The  lophobranchiate  fidiei 
have  been  regarded  by  Pallas  andl^ 
Mbckel,  as  nil  females,  like  the  lnv,e«t 
cyclobranchiate  gasteropoda  and  the  ace- 
phalous tribes  ben^h  them  in  the  smUL 
The  lampreyt  elio  hewn  been  oomidtNil 
as  all  females,  and  several  fishes,  from 
the  different  condition  presented  by  the 
dUfheent  inote  vf  timmwrteat  htie  Wi 
supposed  to  possess  douUe  male  and 
female  organs  in  the  same  individMfil* 
Cavolini  maintamed  that  the  labr«s 
ehanna  and  the  tea  perch  peeitet^  tt'ttt 
saraeindlvi(Iu:il?,  two  ovaries  and  ts^n  te?- 
ticlea,  and  this  from  observing  parts  of  the 
ofiries  undeveloped,  and  somewhat  le^ 
sembllng  tdie  ordinary  condition  fd  ^ 
tides,  as  enbaequentiy  ihMir'  by  Str^ 

fmmi»  m  inperltet»  m^^mtiMtmi 

animals,  In  all  their  more  important  Mft^ 
terns,  sHll  present  the  pT>nei-ative  o^fgftftl 
so  near  to  their  embryo  state  of  simpliei^ 
thht  tb«y  not  enly  mm  dmXffrmMm 

eaeh  othrr  in  the  structure  nnd  form  of 
those  organs  in  the  two  sexes,  but  alsa 
in  all  the  rest  of  their  body  the  eeMI 
moet  closely  resemble  each  olher>  like 
the  higher  classes  of  animals  in  t'hf^ 
young  sftatei  before  the  sexoal  organs  heghi 

to  eiDBift  tMp  mttmrn'Mmt  mm'^mm 
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illbes,  where  no  sexual  dilliiictkMW 
It  i»  chiefly  in  the  higher  reptile  forms  of 
Hm  fi<he8»ia  the  xaya  and  the  sharks,  that 
obttrvs  a  marked  differeoee  in  tiie 
aoxes,  and  this  affects  both  their  internal 
and  their  external  parts,  and,  to  a  small 
.degree,  the  volumo  of  the  whole  bo<iy. 
The  females  appear  to  be  generallf  larger 
than  the  males  in  the  fishes,  as  in  the  am- 
phibia, and  the  males  surpass  them  in  the 
beaA^  and  variekj  of  their  colours.  Fishes, 
UlM  tKe  inferior  tribes  of  WHwIe,  ate 
more  subjected  to  the  influence  of  the 
fleaeooaia  their  generative  function,  and 
kave  Artr«r  Inttiiictt  with  rdation  to  their 
Ihture  progeny,  than  the  higher  vertebrated 
classes.   This  is  most  marked  in  the  os- 
seous fishes,  where  the  generative  organs 
we  most  tlniple  in  their  structure,  and  the 
sexes  the  most  similar,  where  the  impreg- 
nation of  the  ova  moat  frequently  takes 
place  after  tlidr  Muntioii  mm  the  body 
ti  ihe  female,  and  when,  oooieqiaently, 
thona  it  Jeaak  interooiiiaa  between  the 


fba  eivaiieaof  the  oeteoot  llahai  oonaiit 

generally  of  two  long  membranous  sacs 
tixtomUug  upwai  ds  from  the  posterior  part 
of  the  anal  opening ;  they  communicate  at 
their  lower  end»  and  open  hgr  a  single 
orifice  into  the  common  cloacal  part  of 
the  intestine.  They  extend  forwards  along 
the  aides  of  the  vertebral  coliimn*  helow 
tba  Iddn^jri  and  ahove  the  rectum  and 
alimentary  canal ;  so  that  they  have  the 
rectum  in  front  and  the  urinary  organs 
heldnd  tiiem,— a  positimi  different  from 
that  which  they  occupy  in  the  mammalia. 
They  resemble  those  of  the  human  emhrvo 
when  first  detached  from  the  corpora  Wolf- 
liana.  These  great  ovarial  saca  ace  aua- 
pended  by  a  duplicature  of  the  peritoneum, 
juui  are  generally  distinguished  by  great 
vascularity  at  their  dorsalor  poalenorpor* 
tion.  This  highly  vascular  posterior  part, 
extending  along  both  divisions  of  this  great 
bifurcated  ovai  ial  sac,  is  thicker  than  the 
•a^iar  paiietee,  and  has  a  cellular  or 
cancellated  hiternal  structure.  The  ova 
are  developed  in  the  cells  of  this  posterior 
portion,  and  when  mature,  they  huial  the 
cells,  and  eacapa  into  the  anterior  pai^ 
which  forms  an  undivided  continuous  sac, 
opening  below  into  the  anus.  The  poste- 
.gkw  parietea  of  these  two  saoi  fonii,thare- 
ItNre,  the  secreting  ovaries,  and  the  ante- 
rior or  inferior  hollow  portions  form  the 
iwo  oviduct^i,  in  which  the  ova  are  enve- 
and  connected  by  a  viacid  secretion, 
lUppaiatory  to  their  being  expell^  in  a 
conneeted  mass.  While  the  oviducta»  as 
we  ma^  term  these  anterior  menhrpiioas 
MtioMOf  the  ovaries  apa  gradually  filling 
in|^  ova  which  have  escapiMl  from  the 


vancing  to  maturity  in  edit  i 
behind  them,  and  thus  the  two  great  sacs 
become  filled  with  tens  of  thousands  of 
ova,  all  arrived  at  the  aame  degree  ef  de- 
velopment.  I  have  found  these  tw^o  sacs 
in  the  lophiwt  piscatoritu,  when  filled  with 
ova,  to  have  a  length  of  nine  feet,  with  a 
diameter  of  five  inches,  and  Ute  CBWlaiiiBil 
ova  about  half  a  line  in  diameter,  so  that 
there  may  have  been  some  milliona  of  ova 
diatendin!g  these  enormooa  aaei^  aad  iffiag 
the  whole  cavity  of  the  abdomen.  In  some 
of  the  osseous  fishes,  as  the  hiennies,  where 
the  ova  are  impregnated  internally,  the 
ova  remain  sospemted  by  tiieirpaaaBola, 
and  undergo  the  same  process  of  devel<^ 
ment  within  the  two  gix>at  sacs,  which 
they  undergo  in  the  oviparous  species 
when  they  are  detached  from  the  ovidwHi 
and  left  to  develop  in  the  water.  These 
ovaries  present  a  lobed  appearance,  like 
the  kidneys  of  a  serpent,  in  the  lampreys, 
and  in  the  eels  and  trouts,  and  the  ova 
have  been  thought  to  burst  through  the 
parietes  of  these  lobes  into  the  abdominai 
cavity,  and  to  eaeape  by  the  two  latanA 
openings  near  the  anus,  no  other  outlet  or 
oviduct  being  perceptible.  Sometimes  the 
ovary  of  one  side  of  the  body  only  is  deve- 
lopaOi  and  aomatimei  the  one  ovary  Iwb 
the  appearance  of  a  testicle,  while  that  of 
the  opposite  side  has  tike  ordinary  appear- 
ance mi  atruoUua  of  an  ovary.  Cv  visa 
observed  the  poaterior  part  of  the  ovaries 
of  the  serranus  or  sea  perch  to  have  very 
much  the  structiure  and  appearance  of  the 
ordinary  terticiat,  while  they  preserved  the 
natural  ovwial  atmctore  in  thefar  olb«r 
parts. 

In  the  osseous  fishes  the  testicles,  or 
milta,  have  the  aame  titaation,  and  nearly 

the  same  form,  as  the  ovaries  in  the  other 
sex,  and  they  resemble  in  fnrm  those  of  tlie 
human  erolwyo  when  first  finrmed  witii  the 
kidneys  from  the  deciduous  corpora  \\'ulf< 
fiana.  They  consist  of  two  long  glandular 
sacs,  extending  for\^'ards  helow  the  sides 
of  the  vertebral  ooturnn,  auspended  by 
their  peritoneal  covering,  communicating 
with  each  other  behind  the  rectum,  like 
the  ovai*ies,  and  opening  by  a  single  orifice 
hehiod  the  anaa.  Their  thick  vascular 
secreting  parietes  pour  into  their  interior 
a  turbid  wliite  impregnating  fluid,  abound- 
ing with  royriada  of  animsJoalaa,  and 
which  distends  these  sacs  like  the  OfaiicB 
at  the  breeding  season.  Lkwbnhosk 
calculated  in  the  seminal  fluid  of  a  single 
fish,  thirty  times  aa  many  aaimaMea  m 
there  arc  of  the  human  race  on  the  surface 
of  the  earth.  The  testicles,  like  the  ovaria, 
open  before  the  urinary  passage,  some- 
times by  a  simple  nmnd  orifice,  and  some* 
times  by  a  prominent  papilla,  which  re* 
««mblss  the  ope%  grooved  penia  ef  i«plilei» 
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ThisradiincQtary  male  orgau  ifi  seen  in  the 
Ueimfes  and  other  Tivl^rom  8])ecie«,  and 
Mrves  as  bn  organ  of  intromission  to  im- 

pregtmte  internally  the  ova  of  the  female. 
The  same  grooved  papilla  is  seen  at  the 
Opening  of  tbe  ovinacts  hi  the  fbrnnlef  of 
thesiC  sjjfric?,  and  represents  the  ditmisof 
ll!j»her  classes.  The  clitoris  and  the  penis 
are  also  developed  at  the  sanje  period  of 
the  human  embryo.  In  most  r'f  the  osseous 
tishc?,  as  in  the  aiT»phn)i;i  alinvo  tlieni,  the 
ova  are  impregnated  by  the  male  after 
they  have  been  iHscharged  from  the  body, 
which  shows  that  their  whole  develop- 
ment in  the  hody  of  the  female,  and  their 
discharge  from  the  oviducts,  is  in  no  way 
dependent  on  the  Inftnence  of  the  male. 
Tills  high  position  of  the  testicles  in  the 
cavity  of  the  abdomen,  not  only  corre- 
sponds with  the  ]>0!»ition  of  the  ovaries  in 
the  opposite  sex,  and  with  the  permanent 
situation  of  the  testicles  in  all  the  higher 
oviparous  cl£isses,  hut  also  with  the  place 
'Which  these  organs  occupy  in  the  embryo 
state  of  all  the  higher  viviparous  quadru- 
peds and  man. 

As  the  ova  in  the  osseous  fishes,  with- 
out internal  impregnation,  are  all  de> 
Vi'lo[)ed  nearly  at  the  same  time,  so  \vc 
ftnd  them  discharged  from  the  body  al- 
most simultaneously  In  a  mass;  but  in 
the  viviparous  species,  as  in  almost  nil 
other  animals  where  tlic  impregnation 
t.ikes  place  internally,  the  ova  are  found 
In  very  diffierent  stages  of  devdopment  in 
the  ovaries  at  the  same  time,  and  the 
youn^  are  seen  to  pass  out  in  succession 
from  the  oviduct  as  the  ova  are  hatched 
Irithin  that  cavity.  Tlio  young  often  attain 
to  a  considerable  size,  before  btirsting,  by 
the  powerful  action  of  their  tails,  the  ex- 
t^or  membrane  of  the  ovum,  where  they 
were  enclosed  alon^^  with  the  vitellus, 
which  communicates  bj' a  narrow  opening 
with  the  cavity  of  the  small  intestine,  as 
In  higher  animals.  The  instincts  of  the 
osseous  fishes  relating  to  generation,  ex- 
tend almost  exclusively  to  the  deposition 
and  impregnation  of  the  ova,  as  in  the 
amphibia  and  the  inferior  invertebrated 
tribes.  In  order  to  spa^^-n  in  places  suited 
i'or  the  aeration  and  development  and 
9ii«tf  of  the  ova  and  the  young,  they  be- 
tike  themselves  at  that  season,  often  in 
vast  shoals,  to  a  dift'erent  climate,  or  to 
the  shallow  shores  of  the  sea,  or  ascend 
e«tOaries  and  overleap  cataractt,  followed 
by  the  males,  to  impregnate  the  ova  after 
they  are  discharged  from  the  females.  This 
function  performed,  they  return  to  their 
wonted  haunts,  and  leave  to  nature  the 
developiTient  and  rearing  of  the  embryos 
and  voung,  attached  by  their  glutinous 
exterior  to  roclcs  or  plants.  The  oiva  dis- 
chMg0d  fttmt     ijBgnalhiiB  aife  receivtd 


from  the  anuis  into  a  long  externa)  abdo- 
minal pouch,  formed'^  tivV'lamim 
of  the  skin,  in  which  they  are  hAtdhctl, 
like  the  ova  attached  to  the  false  feet  Tin- 
der the  post-abdomen  of  a  lobster,  or  like 
the  young  in  the  abdomhnal  ponch  of  a 
marsupial  (luadruped,  or  in  theaorsal  cells 
of  a  pipa.   The  whole  yolk  of  the  osseous 
fishes  15  swallowed  into  the  abdomin;^ 
cavity  by  the  extension  and  gradual  coll» 
fraction  of  the  abdominal  parietcs  orer 
its  exterior,  as  in  higher  classes.  The 
minute  scales  are  already  seen  develdp- 
cd  on  this  cutaneous  covering  of  the 
}  oik,  distant  from  each  other.    Prorti  the 
greater  risk  of  complete  impregnatioii 
where  that  takes  plaee  extemallyt  M 
where  there  are  such  myriads  of  ovz,  we 
find  the  cicatrioida,  or  the  impregnable^ 
part  of  the  ovtim,  to  extend  here,  as  hi 
the  similarly  cinjumstanced  amphibions 
animals,  nearly  over  half  the  surface  of 
the  o\nim.   The  outer  layer  of  the  cover- 
ing of  the  yolk  is  contmnons  with  the 
skin,  and  the  inner  layer  with  the  intes- 
tine, and  there  is  often  seen  in  the  abdo- 
men of  the  adult  sharks  a  sac  on  the  in- 
testine left  by  the  vitellus. 

In  the  highest  cartilaginous  fishes -the 
rays  and  the  sharks— we  observe  a  more 
com  plex  structure  of  the  genital  organs  dficn 
in  the  osseous  fishes,  and  one  whidi  is  inlB^ 
resting,  from  the  circumstance  that  ve 
there  witness  the  commencement  of  that 
distinct  and  imconnected  form  of  the 
most  essential  female  parts,  t\\e  ovartci 
and  the  oviducts,  which  continues  tip- 
wards  to  man.  The  form  of  the  ovaries 
in  the  osseous  fishes  Is  a  simple  btfarc^t^ 
sac,  with  thin  membranous  parietes,  and 
a  cellular  internal  structure  at  their  dot- 
sal  part,  and  their  proper  secreting  ovaiy 
is  only  the  cellular  portion  of  the  parietcs 
next  to  the  vertebral  column.  But  in  these 
cartilagiuous  fishes,  as  irt  all  higher  ani- 
mals, the  ovary  is  a  distinct  organ  from 
the  oviduct,  and  quite  unconnected  with 
it  in  the  cavity  of  the  abdomen.  This  re- 
sults from  the  complete  concentration  of 
all  the  secreting  part  of  the  long  ovarluffl 
of  the  osseous  fishes,  at  the  upper  part  of 
the  ovary,  and  a  complete  separation^ 
that  secreting  upper  portion  firom  thfedml 
destined  to  convey  its  products.  Thus  we 
arrive  at  the  origin  of  the  separate  ova- 
rium and  oviducts,  and  we  begin  a  series 
of  animals  where  the  female  genenittv^ 
parts,  the  onducts,  are  open  both  above 
and  below,  which  we  have  not  yet 
from  the  monad  upwards;  they  were  dkMI 
in  the  female  as  in  the  msue.  We  are 
coming  to  forms  of  animals  whe^e  there 
is  a  more  marked  difference  in  the  adtdl 
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tlwy  were  nearest-  ^  tlieir  origiD»  and 

inosk  like  their  cnihryo  state  in  higher 
animal^.  So  it  is  in  the  human  body, 
^^ea,  tiic  genital  and  urinary  glands  are 
l^l^ipil^ing  to  be  Jfomed,  from  the  ptimi- 
tive  and  deciiluoiis  corpora  \V  olfiiana.  At 
|be  earliest  period  of  dcvclopmeat  the  two 
sexes  are  precisely  alike,  and,  formed  ac- 
cording to  the  female  type— all  female^ 
like  the  lowest  animals ;  at  a  later  period 
a  difference  becomes  perceptible,  and  by 
t|l<l'- great  development  of  the  organ  of 
CQticepiion  in  the  one,  and  of  excitement  in 
the  otber,  the  most  marked  differeace  is 
^stabliiUied,  wliioh  at  length  afflBOto  the 
whole  stmcture  and  form  of  die  body. 
This  early  identity  of  the  sexes  is  also 
curiously  connected  with  the  theory  of 
roopittrMittet,  which  so  often  prevent  them- 
selves in  the  forms  of  these  parts,  espe- 
cially in  the  lowest  vertebrated  classes,  \ 
where  they  are  naturally  most  like  to  each  ! 
other  in  the  two  sexes,  and  consequently  | 
most  easily  changed  into  each  other.  You 
tbii^  see,  in  the  inferior  osseous  fishes,  that 
■ometimes  one  half  of  the  body  is  male 
^nd  the  other  is  female ;  that  one  half  of 
an  ovarium  is  in  form  of  a  testicle,  and 
t^gt  the  other  half  of  it  below  is  like  an 
pvajryt  resulting  only  from  a  slight  differ* 
ence  in  the  Iciud  of  organization  of  the 
same  continuous  sac  by  which  the  one  is 
pro'oubly,  but  not  certainly,  enabled  to 
secrete  the  impregnating  fluid  peculiar 
to  the  male  condition  of  these  organs,  and 
the  other  to  secrete  only  the  little  sacs  of , 
nutritious  matter  which  constitute  the  ova  | 
of  female  parts.  It  is  more  easy  to  change 
one  form  into  another,  where  the  diller-^ 
ences  between  them  are  slight,  as  in  this' 
case  of  the  genital  organs  of  osseous  fishes. 
Where  the  diffi  reTices  are  more  strongly 
iparked,  earlier  commenoed,  and  more  in- 
Huen^lt  'we  find,  ts  in  eU  the  high- 
est aoimals,  and  espedally  in  birds,  where 
the  genitals  of  the  two  sexes  are  very  dis- 
•UnUar*  less  of  such  monsU  ositiea.  in  the 
rays  and  sharks,  those  two  isolated  glan- 
dular organs  for  secreting  the  ova— the! 
ovaries— are  situate  at  the  upper  and  most 
anterior  part  of  the  cavity  of  the  abdo- 
men, immediately  below,  and  at  the  sides  of, 
the  vertebi-al  column,  in  contact  with  the 
fotfdof  the  peritoneum,  which  assLitsinse- 
mia^ng  the  cavity  of  the  abdoneii  ftom 
Jhe  cavity  containing  the  heart*  Those 
ovaries  discharge  their  ova,  in  slow  suc- 
cessipn,  as  in  birds,  into  the  cavity  of  the 
^y^ucts,  to  receive  additional  coverings 
when  they  are  matured  sufiiciently  for  that 
lust  condition.  The  two  oviducts  are  here 
wide,  convoluted,  aidd  of  a  lengthened 
form,  ,C!^fc£kM  a  fold  of  the 
ptfi|onenin,  like  a  mesentery,  and  open 
>y.i^<»«J^.fftf"»W"fi^.very  near 


txk  the  anterior  eztmni^  of  llie  cavity  of 

the  abdomen,  close  to  the  ovaries ;  be- 
low, they  meet,  and  unite  in  a  utenne  sac 
situate  behind  the  rectum.  The  yolks,  of 
great  iiize,  escaping  from  these  large  bq- 
tryoidal  ovaries,  are  seized  by  those  wide 
iufundibula  and  thick  glandular  oviducts, 
and  conveyed  slowly  through  tibe  canal 
formed  by  their  glandular  parietes,  where 
they  are  surrounded  in  the  upper  part  of 
their  couxsc  by  the  transudation  of  a  thiu, 
transparent,  wliltish,  albuminous  matter, 
like  that  surrounding  the  yolk  of  a  bird's 
egg.  The  outer  membrane  of  the  ovum 
in  all  fishes  is  the  ch<»ion ;  the  inner  mem- 
brane is  the  yolk-hag^  as  in  higher  classes. 
In  their  course  downwards  through  those 
oviducts,  they  encounter  two  large  kidney- 
shaped  glandular  organs,  like  those  we 
already  have  seen  on  the  oviducts  of  the 
cephalopods,  one  upon  each  oviduct. 

As  the  ovum  paases  through  this  glan- 
dular organ.  It  becomes  envetoped  with  a 
large,  compressed,  tough,  horny,  elastic 
capsule,  which  has  a  quadrangular  form, 
and,  at  its  four  angles,  is  prolonged  gene- 
rally into  long  convoluted  filaments  of  the 
same  horny  matter,  formed  by  the  two 
sides  of  the  gland,  and  it  is  sometimea 
covered  with  elevated,  thin,  transrevM^ 
parallel  lamina.*.  Thus,  covered  with  its 
horny  exterior  capsule,  this  impregnated 
ovum  is  now  provided  with  the  means  of 
gradually  distending  the  lower  port  of 
the  oviduct,  by  the  projecting  anterior  or 
descending  angles  of  those  horny  cap^ 
sulef,  which  are  thin  and  elastic;  by  their 
elasticity,  and  their  extending  forwards 
through  ihe  oviduct,  they  have  a  tendency 
to  open  that  delicate  passage,  as  they  pass 
along  it,  %»ith  their  dense  covering  and 
sharp-cutting  edges.  The  long,  convolTited, 
glutinous  filaments  extending  from  the 
lour  angles  of  this  compressed  ovum,  serve 
to  attach  these  ova  to  nutflne  plants, 
rocks,  and  other  substances,  or  to  keep 
them  suspended  from  the  anus  for  a  time, 
where  they  are  held  secure  till  they  are 
hatched,  and  the  young  escapes  from  one 
end  of  the  ovum,  which  is  easily  opened. 
Frequently  they  are  retained  in  the  cavity 
of  this  last-dilated  lower  portion  of  tiie 
united  oviducts  so  long,  tliat  the  capsule 
onens  at  one  end  bv  the  separation  of  Its 
ranplyoontiguonseages,the  young  escapes, 
and  the  capsules  themselves  are  discharged 
after  the  young,  thus  presenting  an  ovo- 
viviparous  mode  of  generation,  as  in  many 
reptiles.  We  observe  that  the  youngs  while 
retained  in  those  capsules,  arrive  at  a  high 
degree  of  development,  and  present  the 
yolk-bag  opening,  by  a  narrow  umbiUcal 
j)assage,  almost  as  in  birds  and  mammi^ttlW 
Into  the  cavity  of  the  intestine,  and  hang- 
ing.externally  icQQi  that  um^iUc«4  a|M^- 
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been  swallowed  up  by  the  continijoiis  pa- 
rieres  of  the  abdomeo,  extetuling  over  the 
whole,  as  in  the  osseous  fishes,  but  opens 
through  an  naobilical  ap^ure  into  the 
small  intestine,  and  the  !nn^  tufts  of  re- 
spiratory ^Uoieats  are  still  iscen  hanging 
nom  the  eilerior  of  the  gill  -openings. 

In  the  male  we  obs«rve  in  those  tad- 
pole-like, plagiostoroe,  cartilaginous  fishes, 
a  corresponding  high  development  of  the 
genital  apparatus  and  a  consideraUe  di^ 
i^rence  in  the  external  form  of  the  sexcv. 
The  short,  lobed  testicles  are  placed  high  in 
the  cavity  of  the  abdomen,  Uke  the  ova- 
ries of  the  female,  and  are  lootely  attached, 
like  them,  to  the  sides  of  the  vertebral  co- 
lumn, by  their  peritoneal  covering.  Their 
lobes  ere  composed  of  nonieroDs  emaller  lo- 
buli,  each  of  which  consists  of  innumerable, 
very  short,  and  minute  tubuli-semeniferi. 
The  wide  vas  deferens,  which  comes  from 
eech  testide,  pewea  forwards,  then  beck- 
wards,  in  the  most  convoliited  manner, 
forming  a  long  and  large  epididymis.  The 
convolutions  are  most  numerous  and  close 
at  the  upper  or  anterior  portion  of  tbb 
long  epididymis,  and  they  becoiue  less  as 
tiie  diM:t  enlarges,  and  proceeds  backwards 
to  form  »  dileted  part,  like  a  vesicule  leml* 
nalis.  The  two  seminal  ducts,  continuing 
downwar»1^  orhnrVwai  tls  in  the  horizontal 
posiiiuu  ui  Llit:  bod) ,  IVom  these  small  ve> 
ficttis,  end  both  in  the  eaine  ptoininent 
conical  papilla,  which  ?orvns  as  an  organ 
of  intromission  to  impregnate  the  ova  of 
the  female  internally.   A  part  of  the  foot, 
or  ventral  fin,  on  each  side  of  the  male,  is 
remarkahly  developed  in  size  and  in  com- 
j^lexness  of  internal  structure,  to  serve  as 
UA  organ  of  prehension,  to  seize  end  re- 
tain, and  probably  to  excite,  the  female 
durinp^  copulation,  which  is  probably  ef- 
fected by  the  rays,  whicli  have  no  air-bag, 
tne  Mcnmbent  position,  on  the  sands  at  the 
bottom,  where  they  reside,  as  well  as  float- 
ing vertically  in  the  water.   This  prehen- 
sile organ  of  the  male  is  sometimes  in 
form  much  resembling  the  foot  of  a  bird, 
and  capable  of  being  extended  from  a 
sheath  in  which  it  lies  concealed.  The 
testicles  here  occupy  the  place  of  the  ova- 
ries, the  vasa  deferentia  that  of  the  ovi- 
ducts, and  the  vesiculx  that  of  the  uterine 
enlargement  of  the  female.   The  testes, 
liko  the  ovaries  and  the  kidneys,  are  de- 
veloped from  the  corpora  Wolffiana.  In 
the  carcharias,  where  the  ovum  is  com- 
monly hatched  within  the  oviducts,  or  in 
their  uterine  sac,  the  covering  of  the  ovum 
is  thin  and  membranous,  but  prox  iled 
with  the  usual  long  convoluted  fiiaments, 
formed,  with  the  capsule  of  the  ovnm,  in 
the  large  renlform  f^lands  of  the  oviducts. 
The  external  tunic  of  the  yolk  is  coo- 
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rietes  of  the  embryo,  nnd  le  lioeritiied 
by  their  vessels,  bui  the  inner  menibcsM 
of  this  yolk-bag,  contiHerikn^  wfilli'iili 
membranes  of  the  tnteetiKt  <xmlvai  lit 
arteries  from  the  ca;liac,  and  transmits 
its  venous  blood  to  the  vesise  vortee ;  cofl- 
seqneuOy  Hmw  Is  no  tttmmH  vofi  <Mhl 
bitical  vessels.  The  surface  of  the  df^i- 
nishe^I  mft  chorion  of  the  yolk-bnc;  ^« 
found  by  (Jcvikr  to  adhere  to  ibe  timer 
Mofaceof  tiie  uterine  sac  in- Hie  cmhi^ 
riis  arrivcfl  at  the  full  time,  as  finnly  aS 
by  a  placenta,  and  by  a  highly  vascahar 
peduncle.  Thos  we  observein  ^  plagioiP 
tome  cartilaginous  fishes,  the  rays  and  th^ 
sharks,  the  most  complicated  form  of  ifll 
the  genital  apparatus  met  with  in  this 
kiweet  of  Ihe  ■veildhteted  desset,  ifld  t 
form  of  the  generative  fimction  most 
nearly  approaching  to  that  of  the  hip^ier 
oviparous  and  even  viviparous  vertebruta. 

The  searaal  distinctions  are  less  nqiA* 
vocally  e.-tabltKhed  in  all  thv  amphibiona 
animals  than  we  often  find  them  in  fishes, 
and  these  marked  differences  in  thefd* 
nenllve  organs  el  the  two  sexes  are  bet< 
accompanied  by  more  obvious  diftinctive 
chai  acters  in  the  general  form  of  the  body. 
We  often  observe  hi  Ae  aai|4ilbli  'we 
external  sexnal  distinctions  increased  at 
the  breeding?  seajion,  when  the  interafli 
generative  organs  are  in  most  activiur. 
The  longitudfaiel  dorsal  serrated  crest « 
the  male  tritons,  and  the  hands  of  many 
of  the  male  frogs,  undergo  a  considerable 
change  of  size  and  form,  corresponding 
with  the  peik^cal  changes  in  the  ge* 
ncrative  organs  within,  and  we  observe 
the  same  kind  of  changes  produced  pe- 
riodically in  the  external  aorsaloellstf 
the  femide pipa.  Sometimes  the  whole  :^n- 
terior  extremities  of  the  male  frogs  enlarge 
,  at  tlie  breeding  season,  and  the  external 
colon i-s  become  more  liveJy,  ee  In  tM 
scales  of  the  finny  tribes  in  the  season  of 
procreation.  The  males  oi'e  common^ 
smaller  animals  than  the  females  in  thflf 
class,  as  we  eee  also  in  many  ctf  the  AM 
and  reptiles. 

The  generative  oxcans  of  the  amphibia 
are  symmetricany  ^eloped  on  the 
sides  of  the  body  in  both  sexes,  and,  1)1<^ 
fishes,  they  are  remarkable  for  their  fer* 
tility.  The  two  ovaries  of  the  frog* 
toads  are  sitnated  in  the  ant^lo^  sad' 
dorsal  part  of  the  cavity  of  the  abdnmpn, 
connected,  by  a  hroad  and  convoluted  du* 
plicature  of  the  peritoneum,  to  the  aMrf 
of  the  vertebral oolvnm,  behind  tlM  licart.^ 
This  covering  expands  to  form  n  h':^ 
continuous  round  sac  duriug  the  gn^^ 
development  of  tiie  ova.  llie  1nR»lD0q|jii 
tubular,  glandular,  convolnted,  and  wid6 
oviduiitflb  with  thiek»  widii^  uertttHV^ 
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the  heart.  The  ora,  seized  Hy  the  ^lide 
Mg^iMUhidaolthecrriducUy imbibe  tbrough 

cretkm  im  they  paas  throu|;h  their  canals, 
wh'uh  envelops  the  whole  yolk,  and 
w^ich  BweiiH  to  a  great  size  by  absorbin)^ 
frMeur  ^hm  ova  aM  discharged  from 
tTie  bod}'  into  th^t medinm.  The  ovidticts 
i^iiate  at  their  doac^  teraiinatioB,  as  in 
irtany  cartjiaginoos  fi8hesi»  and  ttif 
lllflitofl  sa«^  f^nrad  by  the  iialon  of  the 
enlartjed  t<?rnii]ialians  of  the  oviducts,  the 
ova  ar«  conveyed  out  through  the  cloaca, 
W  W  imprcgnateil  by  the  MMle  fluid, 
etfused  over  them  as  they  escape  fi  orn  the 
anus.  The  ovaries  here  nro  attached  farther 
hack  iu  the  abtiuiuiiial  cavity  than  the  au« 
terior  free  proximal  terminations  of  the 
oviflnct^,  nnd  farther  back  than  in  the 
owtrtilagiaous  Ashes,  so  that  when  they  are 
diatendadwkh  avallMjrMtlioivlMleofthe 
piddles  and  dorsal  part  of  t$ie  abdominal 
oavity.  and  the  wwie,  convoluted,  glandalar 
oviducts  surround  their  sides,  frcMn  the 
lMaft«»tfcaamw.  TlM«va,{iitiiepllMtad 
and  cellular  ovarin,  adx'ance  oqiially  in 
the  niart'h  or  their  rieveiopinent,  and 
appear,  ub  iu  the,  osseous  oviparous  fishes, 
WithOUl  internal  impregnation,  like  sim- 
pie  sacs,  filled  with  black  globules  of  the 
same  size,  when  mature  for  the  oviducts. 
The  want  or  imperfect  atate  of  tlM  ribt 
allows  them  apttoa  to  distend  the  abdo- 
minal parictes,  and  to  develop  in  thou- 
■aads,  as  we  see  in  the  lowest  fishes,  which, 
ffiia  1lHni»  no  tntarnal  impregnation. 
The  ovaries  here  icsemMc  in  form  the 
lonp-,  convoluted,  mcrabraniform  oiraries 
ol  cUelonia,  but  the  ova  of  chelonia,  like 
those  of  birds  and  of  <vfvlp«roiis  fishes,  are 
found  in  very  diftercnt  staj^es  of  develop 
Bient,  fr<nn  their  internal  mode  of  im- 
pregnation. 

The  male  organs  of  the  frogs  and  toads, 
though  difTering  inform  and  function  from 
the  teniale  parts,  have  still  a  considerable 
analogy  to  them  in  intamal  ttrnetnre  and 
position,  as  we  see  in  inferior  classes  of 
aniumis,  and  in  the  embryos  of  higher, 
and  they  origiuate  from  the  same  decidu- 
QQi  gludt.  The  two  white  soft  reniform 
testicles,  consisting'  of  minute  follidcf,  nr 
short  tubuli  senueniferi,  are  attached,  like 
Ifca  ovaries,  to  tlie  tidaaef  the  vertebral 
oeAumn,  beiiiud  the  heart  and  liver,  at 
the  same  place  with  the  long  adipose 
Ipbes ;  and  the  convoluted  vasa  deferentia 
after  ibnning  a  tmall  epldidynite,  whteh  is 
perceptible  even  in  tlie  jiroteus,  pass  down 
more  straight,  along  with  the  two  ureters, 
through  the  pelvic  region,  and  dilate  into 
tWOMqall  vesiculx  seuiinales  before  the* 
aank  Inte  iba  okmeai  ^Hia  toiticlaa  ana 
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swell  at  the  breeding  season,  like  those  or 

the  female  ;  and  the  male  frogs,  which  arc 
smalier  than  the  females,  leap  upon  their 
ha6k«  MM,  «nAiacing  theiraMomen  ihinly 
with  theh'  cn1nrc:cd  tTihrrnilatcd  wrists, 
remain  iti  that  situation  for  several  weeks. 
Tlje  females  betake  themselves  with  their 
burden  to  the  water,  where,  from  the  daa« 
sity  of  that  element,  the  weight  they  sup- 
port is  diminished,  and  where  they  are  ta* 
clt«d  to  ^axpnUkni  of  the  nva,  and  assist* 
ed  in  that  process  by  the  pressure  of  the 
adhering  and  embracing  arms  of  the  male. 
As  the  ova  are  expelled,  they  arc  unpreg- 
natod  externally  by  the  efMon  or  tife 
seminal  fliiu!  from  the  cloaca  of  the  male, 
without  the  aid  of  an  organ  of  intromis- 
sion, as  in  the  lowest  oviparous  fishes. 
The  exterionnemhraneof  the  ovum  quick- 
ly itnbihc?  water,  which  swells  the  outer 
albuminous  portion  enveloping  the  yolk,  to 
more  tlian  double  its  original  size,  and 
tlntt  masses  of  ova  are  produced  by  the  same 
Arog,  which  many  times  exceed  the  size  of 
its  whole  body.  These  ova  adhere  toge- 
fher  by  their  glutinons  sarfoees,  smnelfniet 
in  the  form  of  long  cords,  or  hnncls  nf  ova, 
and  sometimes  in  large,  round,  or  lobed 
masses,  adhering  to  stones,  or  other  sub- 
stan<»[^  nnder  the  snrlhoe  of  the  water. 
They  arc  in  c^reat  part  con^imiod  by  birds 
and  fishes  and  other  tribes  of  animals; 
and  the  detrdopmentof  those  wWdi  escape, 
and  the  bursting  of  the  ovum  by  the  mus- 
cular tail  of  the  black  uncoiled  embryo 
tadpde,  very  much  resemble  the  same 
phenomena  in  the  ova  of  osseous  fishes. 

The  develc[>er!  condition  nf  the  testes 
and  ovaries  seen  in  the  a.rolotts,  the  pro- 
tens,  and  otliei  amphibia  with  permanent 
gills,  shows  that  these  arc  not  larvae,  but 
the  ndult  conditions  of  inferior  tribes.  In 
the  tritoTU  the  ova  are  impregnated  within 
the  oviducts,  and  pass  out  connected  to- 
gether in  long  cords,  where  the  young 
embryos  require  nboiit  fifteen  days  before 
they  are  ready  to  escape  from  the  ova,  and 
they  retain  their  braachite  to  a  lato  period 
of  their  development. 

The  male  ot  the  land  salaimndtrs  pos- 
sesses a  small  organ  of  intromission,  like 
the  sharks  and  the  rays,  and  impregnates 
by  copulation.  The  ova  arc  hatched  in 
the  oviducts  of  the  females,  and  the  young 
are  deposited  in  pools  of  water,  already 
fbnnea»  like  the  tadpoles  of  trltons,  with  a 
cotn pressed  vertical  tail,  and  with  free  ex- 
ternal branchix.  The  tail  here  undergoes 
only  a  partial  metamorphosis  in  losing  its 
thin  vertical  margins,  and  becoming  round 
and  short  like  that  of  the  adult.  The  an- 
terior extremities  develop  before  ttie  pos- 
terior In  these  inhabiianta  of  damp  and 
annby  gnmadit  as  la  most  of  thi  ntgher 
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animait ;  4nU,  contrary  to  ivhat  we  ob- 
MM  in  6ns«»  ifktm  MpotMar  aartiis* 

mitics  are  first  formerl,  are  permanently- 
large,  for  leaping  and  swimmingt  through 
the  whole  of  life.  Th^  male  of  the  lai^e 
Surinam  toad,  domigert  spreads  the 
newly-discharged  ova  over  the  rough  hack 
of  the  female,  aad  there  impregnates  them, 
evpoied  vpmi  «Im  muhce  aadadhtvois. 
The  female  betakes  herself  to  the  water, 
the  ova  swell,  and  the  skiu  of  the  back>  at 
first  without  cavities,  extends  over  them 
in  the  fwm  of  open  cells,  where  not 
only  the  ova  are  hatched,  but  where  the 
yomig  remain  tlU  they  have  passed 
through  tMr  ntetamorphosis,  Jott  their 
gills,  acquired  iMl»  oai  «•  iwdf  to  ac- 
company their  parent  from  the  water  to 
her  wonted  dungeons  and  solitary  haunts. 
The  male  of  the  litde  ^  oMtlHMnr  n»- 
siats  in  extracting  the  large  ova  from  its 
mace,  impregnates  them,  and  fixes  them 
In  clusters  by  glutinous  filaments  to  its 
ovntiiighe.  It  tlnis  retains  the  developing 
ova  till  near  the  peiiod  of  their  hatching, 
when  it  betakee  itself  to  the  water  j  the 
ovn  hunt,  the  tadpolee  eeee|ie  IhIo  tira 
water,  and  the  male  parent,  cleared  of  its 
burden,  seeks  its  accustomed  rocky  re- 
treats. Thus,  we  observe,  that  in  pr(4)or« 
tion  as  the  oigans  of  generation,  and  the 
whole  structure  of  animals,  become  more 
complicated,  the  instincts  extend  beyond 
the  mere  dcHpoaition  and  impi*egnation  of 
the  ova,  and  become  gradioil^iDore  exten- 
sively and  mysteriously  connected  with 
the  future  wants  and  conditions  of  the 
young. 


LECTURE  LIX. 


ON  THE  GENEKATIYE  SYSTEM  OP 
TILES  AND  BIRDS. 

Ab  all  the  different  species  of  animals 
form  the  component  parts  of  one  great 
and  connected  system,  they  are  equally 
important  in  the  economy  of  nature,  and 
means  are  adopted  to  preserve  their  ex- 
istence, not  according  to  their  supposed 
utility,  or  imagined  pre-eminence,  but  ac- 
cording to  the  dangers  which  threaten  the 
ttiHnction  of  their  race.  The  lowest  classes 
of  animali^  exposed  inceetently  to  pcrlla 
which  they  can  neither  perceive  nor  avert, 
and  even  the  fishes  and  amphibia,  the  easy 
prey  of  all  the  higher  predaoeous  tribes, 
pour  forth  their  ill-fated  progenies  in 
multitudes,  like  the  sands  of  the  sea,  and 
thev  are  desti*oyed  in  proportionate  my- 
riads before  they  arrive  at  maturity.  But 
as  the  means  of  foreseeing  and  avert- 
ing danger  iocreMe»  by  the  high  deve» 


i<^^ent  of  the  general; BtnacturG  and-fii 
all)  tliei  eepM  eiMietion,  the  numbeiJif 
such  protected  progeny  is  diminished,  tai 
the  young  are>:  retainatL  .iShAi  latcr.ip»i 
riod  of  their  idewlefaMni^iniulDQMuiaa 
with  the  bodgrefitfrntfewnftix  iSielBtaiiil 
mode  of  impregnation,  and,  consequently, 
,the  internal  development  of  ^:embiy(H 
;to  ft  viwiaye  «rtent»  beciMae».aiinrM 
character,  from   the  ophidian  reptilw 
through  all  the  higher  orders  of.  verie* 
bi-ata.    By  the  gradual  development  and 
ascenduiey>«f  tiie  organs  of  excitsmeolt^ 
and  the  consequent  increased  oomiexiei 
of  pleasure  with  the  gcneraiuielui|CMa(^ 
it  beoeoMe  aaee  au^t  4o><(tledi^ 
and  leeUngf  nf  .animala,  lete  Mgvktdif 
the  seasons,  less  influential  iu  thsecr 
nomy,  and  more  precise  and  limited  is 
itt  reeidtat  TlM  ne]e>flnid  if  no  Icngv 
thrown  indiscriminately  over  myriads  of 
ova  already  discharged  and  detached  fras 
the  body  ot  the  female,  but  is  ceave^ 
with  great  precision,  by  tke  activity  of  the 
villous  surface  of  the  oviducts,  to  excite  a 
limited  number  of  ova,  and  commence  tbe 
development  of  the  young  while  yet  mikk 
the  body  of  the  parent.   Pubkikje  and 
Valentin  say,  that  they  have  seen  \ihxv 
tile  cilia  in  rapid  action  on  the  liaiag  oiW" 
com  membrane  of  the  ovidocm  sod  iiUff* 
pian  lubes  of  reptiles,  birds,  and  tnara* 
malia,  and  also  on  the  nuicous  lining Oif 
the  lungs,  for  half  an  boor  after  dsatli^ 
viewing  the  detaolwd  menlBMe-iD  mtt* 
under  the  microscope.  ^ 
Notwithstanding  the  imperfect  means« 
progreeiive  motioB  aadef  pretaeMiM'PW* 
sessedby  the  ophidian  reptiles,  their  sc.tihI 
organs,  which  are  double  and  symmetrical, 
are  placed  on  different  individuals,  dw 
impregBatio&  takee  pleoe  iMHmsUjr,  aw 
their  organs  of  excitement  are  laJlg* 
often  double.  Like  must  of  the  odj^ 
visoere  of  their  long  cylindriod  tnad^«* 
internal  organa  of  generaiiaii  jNresent  ■ 
lengthened  form  in  both  sexes.  The  tjj 
long,  white,  lob^  ovaries  of  the  fea>>* 
are  situated  btiwe  tiie  two  kngtbened 
kidneys,  on  each  side  of  the  spine, 
exhibit  the  ova,  like  those  of  a  bird,  in 
different  stages  of  growth,  and  of 
sizes.   The  two  longv  wide  oviducts,  opefl 
and  dilated  at  their  commencement  a**' 
the  ovaries,  paH  down  aeparatailyi  fff^ 
panied  by  the  ureter  of  mitn«  »^ 
the  back  part  of  the  cloacal  ternjiafn* 
of  the  intestine.   The  ova,  of  tegMf 
number,    generally  of  an  oval  •WJ^ 
equaUy  broad  at  boHl-eBd^  ttad  covered 
with  a  tough  strong  membrane,  are  se*^ 
at  the  breeding  season  in  equal  o°g^|S^ 
equally  developed,  and  pl*»<W*"^fi 
in  the  two  opposite  ovUttCts; 
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alternately,  but  genentUy  connected  to- 
getfaor  in  long  chords  by  &  glutinoiM  matter 
i'ormeilrBii  theovidaets.  Tbecn)ljryo» arrive 
at  very  did'erent  degrees  of  development 
ivifchia  the  ovidccta,  and  are  often  hatched 
iqitbatittiiatton,  as  we  have  akeady  seen  in 
foneAE  tli*;ainpliftia:  tmAlm  mmf  IStlbm 
AiAjinferior  tribei  of  hiTertebvBta.  The 
era  are  commonly  deposited  on  thegronnd, 
under  buahet,  or  long  grass,  or  stones,  or 
fiiftht-'cwltlw  of  decayed  frect,  ^wirim 
they  are  soon  hatched,  and  the  rearing  of 
tbe  young  is  left  to  nature,  they  having 
already  attained  a  high  degree  of  deve' 
lopment  before  they  bunt  &e  ovum.  It 
baa  been  observed  by  Geoffroy  that  the 
common  makes  by  being  kept  long  from 
miMe  an  iMde  ts  ntamtlMir  ovn  for  n 
longer  time  in  fhe  oviducts,  and  until 
they  are  hatched,  the  same  animals  being 
thus  oviparous  or  viviparous  at  the  will 
oCthecacferimenter.  In  the  vipers  the  ova 
are  generally  retained  within  the  oviducts 
till  the  yooag  are  developed  and  have  es- 
oeped  an.  - their  amnam»*    Im  n  boa 


coascBOlOt  of  ten.  feet  in  length  the  ovi- 
ducts are  about  four  feet  long.  The 
oommon  anput  /roffUig  has,  after  long 
oonfln— ant^  fleposiled  before  me  twelve 
ova  in  the  space  of  twenty  minutes ;  they 
contained  perfectly-formed  young,  enve- 
loped in  a  thin  transpai^ut  aiimiotic  mom- 
bntne,  nrUch  tiiey  burst  by  the  uncoiling 
and  the  struggling  motions  of  their  tail 
in  about  a  minute  after  they  were  dis« 
dbargedfrooitli^cloaBa;  They  preaented 
a  remnant  of  the  yolk-bag  toapMded 
£rom  the  umbilicus. 

The  sexual  distinctions  are  but  slightly 
maaioed-  by  external  characters  in  these 
worm-like  ophidian  reptiles,  and  their  in- 
ternal generative  organs  have  the  closest 
resemblance  to  eadi  other  in  their  perma- 
OflOtforiDB  and  in  their  situations  in  the 
two  sexes.  The  long,  lobed,  white  testi- 
cles of  the  male  are  situate,  like  the  ovaries 
ofitbe  foaoale,  anterior  to  the  Mdneys  on 
t2ach  side  of  the  spine  within  the  cavity  of 
the  abdomen,  and  the*vasa  deferentia,  but 
subtly  convoluted  to  form  an  epididymis, 
pna  MwU'wide  and  separate,  along  with 
the  ureters,  to  open  into  the  sides  of  the 
'at  the  base  of  the  organs  of  intro- 
They  appear,  as  Hie  ovaries  of 
tiM  embryo,  at  first  like  two  long  white 
filaments  extending  along  the  inner  sides 
of  tho  deciduous  false  kiduevs,  or  corpora 
WoWuM*  and  aa  they  develop,  they  be- 
come nioro  thick,  short  nnd  lobed,  than 
tha ovaries,  which  acqidre  a  more  lengch- 
eoed^lUHnow,  and  equal  form.  The  male 
oiiaa,  single  in  (he  Cecilia,  as  in  sala- 
Tnandcrs,  is  geaarally  double,  and  bifur- 
cated, and  eitvend  with  recurvetl  scitf 


spinea'nt<'il»  finse  'iintiUiultyJ..Tlt;  iSB4oa« 

ble,  and  each  with  a  bifurcatetl  crlans^ 
in  the  ^as  and  python*  \  and  these  or- 
gans of  intromission  or  excitement  aie 
ledgad  in  n-  kMgt  ^IHc  cavity  posterior 
to  the  antis,  i)rotepted  above  by  the  lon^^ 
carved  ^nd  double  transverse  processes  (tf 
ttio  oocoygeal  'vertdwo.  The'  penee 
most  bifurcated  in  the  rattle-snakes.  Tliiagr 
open  into  the  cloaca,  and  protrude  from 
that  cavity  in  the  act  of  impr^piation. 
The  malo  aad  foaMlO'aaqieotidift  tbeip 
tongues,  rub  their  necks  and  their  glisten- 
ing skins  together,  twine  their  bodies  round 
each  other,  roll  upon  the  ground,  and  bring 
their  ani  into  contact^  when  aboattOoofiQ* 
late.  The  rattle-snakes  and  some  other 
viviparous  species  are  said  to  protect  thedr 
yoiutg  for  some  tine  after  Milli. 

Although  less  lengthened  in  form,  Hm 
male  and  female  organs  of  the  saurian 
reptiles  agree  in  general  structure  and 
pontion  Willi  tlioseof  serpents.  Tliotwo 
ovaries. are  situate,  like  the  two  testicles 
of  the  nude,  high  in  the  cavity  of  the  ab- 
domen, anterior  to  llM  lengtliened  and 
permanently -lobed  kidneyi;  and  tto  two 
oviducts,  like  the  two  vasa  deferentia, 
pass  downwards  or  backwards  between' 
the  Iddneya,  aooompoded  .by  the  -two 
mreters,  to  the  cloacalpartof  the  intestine. 
The  ovaria  present  the  ova  in  various 
stages  of  growth ;  and  five  or  six  are  often 
seen  in  each  ovlttnet  in  tito  lisanb,  -paab^ 
ing  down  in  a  continuous  row,  of  the  same 
size  and  form^  and  covered  with  a  tough 
eitenial  measbrane.  They  are  impreg- 
nated internally,  but  are  hatched  out  of 
the  body  by  the  natural  heat  of  the  cli- 
mates they  inhabit.  The  convolutions  of 
the  vasa  deferentia  in  the  males,  form  a 
moredistinct  and  compact  epididymis  than 
in  serpents,  and  terminate  near  each  other 
in  the  cloaca  at  the  base  of  a  double  organ 
of  intromission,  the  two  distal  extremitiea 
of  which  are  covered  with  sharp  recurved 
horny  papillse  as  in  serpents.  Some  are 
viviparous,  at  the  sqw,  which  is  ahnost  in 
the  condition  of  a  serpent,  from  the  small- 
ness  of  its  extremities  and  their  distance 
from  each  other.  The  i^ttona,  so  common 
in  the  woods  of  South  America,  where  it 
feeds  on  the  leaves  and  the  fruits  of  the 
trees,  deposits  its  large  eggs  in  the  sands. 
Tlieyfonn  esteemed  articles  of  food,  like 
I  the  flesh  of  this  reptile,  and  are  observed 
to  consist  chiefly  of  the  yolk,  with  very 
little  exterior  albuminous  matter.  In 
the  males  of  the  lacerthte  and  iguanh^ 
and  scincoid  sauria,  the  organ  of  intro- 
{ mission  is  distinctly  double  throughout,  as 
I  in  most  serpents,  and  the  lower  openings 
iof  the  oviducts  are  at  a  corresoonding 
distance  from  each  oiihor  in  tht  ooaOA 
•  the  females.  -     *  .  \ 
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Tlic  larae  concentrated  ovaries  of  the 
ctoroflfflm'i^tiHa  placed  more  pos- 
teriorly, mx  the  kidneys,  and  the  u  ide 
glandular  convo"!ntc<1  oViaucts  pass  for- 
wardSy  then  backycarda,  in  their  course 
'front  the  ovBiles  to  the  tAilef  of  the 
cloaca.  The  clitoris  appears  In  a  rudi- 
mentary state,  and  near  it,  on  each  side, 
the  t>yo  tubular  papillae,  whicb  lead  from 
the  doaca  into  tlie  cKvhy^  of  the  nerlto- 
•neutn.  The  ovaries  appear  often  like  two 
large  clusturs  of  minute  white  round  ova. 
The  testicles  occupy  the  same  position  be- 
fine  Ae  kidneys  in  the  abdomen  of  the 
male  as  the  ovaries  in  the  female ;  and 
the  vasa  defcrentia,  after  forming  a  dis- 
tinct epididymis,  pass  backwards,  wide  and 
convoluted,  to  terminate  in  the  back  part 
of  the  cloaca  at  the  base  of  a  large  grooved 
organ  of  intromission.  This  organ  con- 
Bisn  of  an  imperfectly  divldea  corpus 
cavemosimi,  grooved  below  as  in  the  tor- 
toise, and  capable  of  forming  a  tubular 
canal,  by  the  meeting  of  its  sides  in  a  state 
of  erection,  when  It  proiJectB  from  the 
cloaca  and  the  anns.  In  a  relaxed  state 
it  is  concealed  withhi  the  cloaca,  like  ^hat 
of  a  tortoise  or  of  an  ostrich ;  and  on  eacb 
side  of  its  base  arc  seen  projecting  into 
the  cavity  of  the  cloaca  the  tubular  pa* 
pilla  leading  from  the  general  periiuueal 
cavity  of  the  abdomen.  The  ordinary  di- 
vidcd  form  of  the  male  organ  in  the  sau- 
ria  is  least  observed  in  this  grooved  organ 
of  the  crocodilian  family  in  the  alligators, 
thegavials,  and  the  true  ciocudiles.  In 
iShs  croco(Ulus  rhombi/er,  \Veber  observed 
two  distinct  male  organs,  as  in  lizards  and 
serpents,  and  ooTerednnit  vitii  homy,  but 
with  solid  earthy  spines. 

The  alligator  of  Guiana,  alligator  sole- 
jupUf  deposits  about  sixty  eggs  in  the 
loose  nnd,  covers  them  over  with  ^ed 
leaves  or  straw,  and  defends  them  cou- 
rageously when  attacked.  The  alligators 
are  said  to  bellow  like  oxen  when  they 
meet  for  impregnation  in  spring.  The 
eggs  of  the  alligators  have  a  tough,  hard, 
and  white  calcareous  covering,  and  the 
young,  when  hatched,  eKape«immediately 
to  the  water  to  feed  on  worms,  larvse, 
and  other  small  aquatic  animals.  The  eggs 
are  used  as  food  in  Carolina  and  other 
parts  where  these  animals  abound.  The 
common  crocodile  of  the  Nile  deposits 
eggs  larger  than  those  of  a  swan,  and 
covered  with  a  tough,  thick,  white,  dastic 
sliell,  wliich  becomes  more  dry  and  lirittie 
at  the  period  of  hatching.  They  are  de- 
posited at  three  successive  periods,  with 
sliort  intervals,  and  about  twenty  each 
time  are  laid  upon  the  sands  to  be  hatched 
by  the  heat  of  the  sun  in  about  twenty 
days,  if  not  destroyed  by  the  carnivorous 
ichaetimons  oonitantiy  in  search  of  them. 


The  male  crocodiles  of  St.  Domingo,  rro- 
coiiha  aeutust  cpmbat  fierct:!^  for  tius  fe- 
males, wbfch  are  more  rare,  an'it  tp^p^^- 
nate  lying  bh  their  sides  in  flie  wafer. 
The  females  dig  a  cavity  in  the  sands  wii^ 
(h<jfr  ifb^'Sfidmri^mie,  de^t^^'ut 
thirty  c^gs  in  strata,  alternating 
layers  of  l^and,  watc  h  and  assist  the'  es- 
cape of  the  young,  w  hich  are  smallj  defend 
them  from  the  vcndty  of  the  xnaTef^ 
it  is  said,  feed  them  for  some  morittit 'i\s 
pigeons  feed  their  young,  from  the  crop. 
In  the  chelonian  reptiles  ttie  two  long 

fdicated  ovaries  suspended  })ehind  the 
iver,  resemble  in  tlu  ir  lengthened  form 
those  we  saw  in  most  of  the  ai^pbXbia. 
But  here  the  impregnation  is  effect  in- 
ternally, as  in  other  reptiles,  and  the  ova 
enclosed  between  the  two  folds  of  this  glan- 
dular organ,  are  hurried  on  to  very  un- 
equal stages  of  development,  1^  outer  Hit 
they  may  pass  in  slow  sncrossion  into  the 
oviducts,  to  I'cceive  the  influence  of  the 
male.   The  ovaries  appear  like  folds  of 
the  mesentery  clustered  over  with  round 
ycUow  yolks  of  all  sizes.  They  are  equally 
developed  on  the  two  .sides  of  the  body, 
like  all  tiie  other  genital  organs  of  bp()l) 
sexes  in  tlie  chelonia  and  other  reptlMt 
Tlic  oviducts  are  long,  wide,  tortuous 
tubes,  thin,  membranous,  and  plicated 
internally  at  their  upper  part,  moire  Itliidt, 
glandular,  and  villous,  on  their  inner  - 
face  towards  their  cloacal  termination,  and 
suspended  from  the  sides  by  a  broad, 
loose  duplication  of  the  (icritoncura.  The 
ova  or  yolks,  seized  loose  by  the  upper 
wide  membranous  extremity  of  the  ovi* 
ducts,  imbibe  in  their  course  through 
part  a  considerable  portion  of  transparent, 
thin,  albuminous  matter,  which  distends 
the  outer  tunic  of  the  ovum,  and  euveloiis 
the  round  yellow  yolk.  Arrived  at  llielowv 
l)ortion  of  the  long  oviduct,  the  outer  siir» 
face  of  the  chorion  of  these  distended  and 
almost  spherical  ova  liecomes  encrusted 
with  a  layer  of  white  calcareous  matter  of 
variable  thickness,  and  sometimes  nearlyas 
dense  as  in  the  e^s  of  a  bird.  We  often  &Exd 
four  or  five  ova  m  each  oviduct,  already 
completely  enveloped  in  their  calcareous 
shell,  and  occupying  a  great  p()rtion  of. 
that  canal.    Thus  enclosed  in  tfjcir  tough 
calcareous  covering,  the  eg^  pass  tlirough 
the  thick  wide  inferior  uterine  portions  of 
the  oviducts  into  the  large  cloacal  termina- 
tion of  the  intes^e,  by  two  conti-acted 
corrugated  openings,  and  at  eacTi  side  of 
the  cloaca  there  is  generally  a  wide  recess, 
more  or  less  deep*  into  which  uva  may  ]t>e 
received,  till  it  be  convenient  to  pass  them 
on  through  the  anuj     'l  ie  clitoris  is  her* 
(If  volojied  as  in  some  of  thesatiri;:  an.! 
sUuthiuus  birds,  an^  Qccupiea.t|iv  ^a^t 
situation  in  the  doaca  of  Che  l^i^fjleaui  f)t« 
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^  fhai  of  4e  male.  T!hs  two  peri* 

toneal  openings  seen  in  the  cloaca  of  the 
crocodilian  reptiles^  and  the  anu^  of 
li^iMt  ISnhet,  nere  pats  ^hrougli  the  in- 
terior and  terminate  at  1^  ajiexorfl^B 

of  the  clitoris. 

The  testicles,  highly  vascular,  like  the 
ovarlii,  and  ooniianng  of  numeroni  glan- 
dular crrca,  or  tortuoiig  seminiferous  tu- 
huli,  as  in  higher  animals,  form  two  reui- 
form  compact  organs,  belov  or  in  f^tint  of 
tbe  lobed  kidneys,  a&d  tend  out  a  wide, 
Opnvoluted  vas  deferens,  composed  of  the 
united  trunks  of  tbe  small  tortuous  caeca. 
TMs  convcKliiled  dnct  of  the  testtde  fonoB 
a  lengthened  epididymis  on  its  inner  aide, 
and  then  passes  downwards,  wide  and  less 
convoluted,  along  with  the  ureter  of  the 
same  side,  to  terminate  in  the  back  part 
of  tbe  cloaca,  at  the  base  of  a  large  and 

gpoved  penis.   The  penis,  when  present 
anim^,  is  generally  large  in  propor- 
tion to  the  imperfect  means  which  the 
sexes  have  of  seizing  or  approaching  each 
other  in  the  act  of  impregnation,  as  we 
iee  in  serpents,  cbelonia,  cetacea,  and 
oHhet  animals  where  this  organ  is  dispro- 
portionately developed  when  compared 
with  the  ortier  parts  of  their  genital  sys- 
tem.  This  large  male  organ,  terminated 
by  a  dilated  glans,  and  lodged  in  the  pre- 
pucial  cavity  of  the  cloaca,  is  composed  of 
a  double  corpus  caTemosmn,  separated 
behind  into  two  diverging  crura,  which 
pass  down  to  receive  attachment  and  sup- 
port from  the  ossa  ischii.    Their  inferior 
median  groove  forms  a  canal  for  the  se- 
minal fluid,  by  the  meeting  of  its  edges  in 
the  erected  state  j  but  there  is  yet  no  cor*  j 
pus  n>ongio8um,  finrtiierelsno  urethra  to 
pass  through  this  imperfectly-fornicd  em- 1 
bn'o  state  of  the  organ  of  excitement.  You 
perceive,  from  the  simple  form  of  this 
latge  organ  in  tlie  tortoitea,  that  tbe  great 
outward  bulk  of  an  organ  in  the  animal 
frame  does  not  necessarily  imply  a  high 
degree  of  development  and  elaboration  of 
its  internal  structure.    The  two  canals 
from  the  cavity  of  the  peritoneum  here, 
as  in  the  females,  pans  through  the  cor- 
pora cavernota,  to  terminate  at  the  end  of 
^e  glans,  and  not  at  the  base  of  the  male 
organ,  as  we  saw  them  terminate  in  the  { 
crocodilian  reptiles.  Tbe  genital  openings  . 
in  the  cloaca  of  both  sexes  are  here  inter*  | 
posed  between  the  ends  of  the  ureters  and 
the  urinary  bladder,  as  in  monotroina  and  | 
other  animals,  where  the  parts  retain  this 
condition  of  development.   The  land  tor- 
toises dig  a  hole  in  the  ground  to  receive 
their  eggs,  and  leave  their  protcctiou  to 
their  shelly  covering,  and  their  hatching 
to  the  elements.   Ti>e  large  turtles  of  the 
deep,  visit  the  desert  shores  hy  night,  and  1 
deposit  theii'  eggs  in  excavated  holes  in  [ 


some  safe  retreat,  or  upon  the  ssA^k  ^ 
yond  the  reach  of  the  tide.  The  eggs  arc 
deposited  in  gre^t  j^umbers,  at  intervals, 
in  the  same  cavi^,  and  the  newly-hatdu^ 
young,  with  fheir  yet  soft  covering  anid 
thin  soft  bones,  make  speedily  for  the  wa- 
ter, like  the  young  crocodiles  and  alligators. 
The  yolk-bo^  was  observed  by  Ti ede- 
ma in  the  young  emys  to  enter  tbe  ab- 
domen snd  the  intestine  through  an  open- 
ing in  the  sternum,  through  ^MA  ali^ 
passed  the  large  aDantois  continued  /frofi 
the  bladder. 

The  birds,  Ulce  the  insects,  af  e  remark- 
able ibr  the  1d|^  development  of  all  their 
organs  of  relation,  and  this  is  not  less  ob- 
vious in  what  concerns  the  existence  of 
the  species,  than  we  have  seen  it  formerly 
in  all  that  relates  to  the  maintenance  of 
the  individual.  Their  high  intellectual 
development  and  complicated  instincts  are 
not  limited  to  mere  sexual  gratification  iu 
this  function,  or  the  disburdening  theijr 
light  body  of  the  load  of  ova  that  weighs 
it  to  the  ground ;  they  select  a  safe  retrcfkt» 
most  ar&Uy  construct  their  nest*  wa^ 
over  the  products  of  generation  with  pa- 
rental care,  provide  for  tbe  difficulties  and 
dangers  which  attend  the  helpless  condi- 
tion of  the  young,  and  thus,  moat  intlf* 
mately,  though  mysteriously,  connect  one 
generation  with  another  19  endless  succes" 
sion.  Yet,  the  condition  of  the  generative 
organs  in  this  class,  and  the  degree  of  de- 
velopment of  the  young  within  the  body  of 
the  parent,  are  scarcely  higher  tha^  in  thd 
lowest  reptile  which  throws  its  load  of  ova 
into  the  water  and  heeds  them  no  maBSi* 
The  internal  female  parts  of  the  birds 
merely  prepare  a  lai'ge  supply  of  uutri* 
ment,  and  a  large  and  safe  domicile  for  the 
future  embryo,  which  must  pass  through  all 
the  phases  of  its  l^gh  development,  exter- 
nally to  the  body  of  the  parent.  The  evo- 
lution and  development  of  the  numerous 
and  complicated  young  within  the  oviducts 
being  incompatible  with  the  living  habiti 
of  birds,  and  haviug  no  marsupium  for 
their  reception,  which  would  be  alike  in- 
compatible ♦ith  their  activity,  they  must 
press  thefar  heated  body  on  the  developing 
eggs,  and  these  must  have  iottdltjr  to 
withstand  the  pressure  of  constant  incu- 
bation, and  brittleness  to  yield  to  the 
struggling  erobr>'o  when  ready  to  escape. 
The  safe  transmission  of  the  large  and 
brittle  eggs  of  birds  through  the  abdomi- 
nal and  pelvic  cavities,  requires  that  they 
should  pass  down  singly  and  bi  slow  suc- 
cession, which,  however,  would  be  incom- 
patible with  Uie  functions  of  two  ])c  rfect 
ovaries  and  two  pervious  oviducLs  iu  this 
class  i  and  henoe  the  necessity  for  *hat 
remarkable  unsymnietrical  developniAQl 
which  W6  observe  in  the  femal«  genital 
3X2 
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orgyuis  of  Urdi .  Yet  all ' ^ds  liegtn  the  |  mcinbt^otisj  "hait^fer ' 

development  of  their  genital  parts  hy 

having  these, ojrau^s  not  only  similar  on 

thetwoMdcs  of  ^  body,,  but  id^nitcatitt 

form  in  the  two  sexes.  The  sexual  differ- 
ences of  the  saine  parts  gradually  make 

their  appearance  iu  the  di/Turcnt  indivi- 

dnajs  which  compote  the  species,  and  an 

unequal  development  is  at  length  percep- 
tible in  the  genital  qrfiuni  o(  the  two  sides 

of  ihe  1x)dy,  thoM  or  the  left  side  conti- 
nuing to  increase  in  magnitude  and  per- 
fection, while  those  of  the  right  side  ap- 
pear to  stop,  and  to  retrograde  in  the  march 

of  their  dmiopment.  This  it,  perhapt, 

dependent  on  tne  right  descending  aorta 

of  reptiles  being  alone  preserved  in  birds, 

•a  the  left  alone  is  preserved  in  mammalia, 

and  we  obterve  it  often  to  affect,  though 

to  a  less  extent,  the  male  as  well  as  the 

female  organs  of  this  class.   In  a  few 

birds  tiie  ovariei  are  teen  equally  deve- 
loped on  the  two  sides ;  often  a  rudiment 

ox  the  right  ovarium  is  seen  beside  the 

large  ovary  of  the  left  side,  and  in  others 

no  trace  of  the  right  ovarbiin  It  percepti- 
ble. They  lie  under  the  prominent  part  of 

the  sacrum*  anterior  to  the  first  or  largest 

loliei  of  the  Iddoeyi,  and  appear  like  a 

dieter  of  small,  roond,  yellowish-white 

ova,  of  unequal  sizes,  and  enveloped  in  a 

thin  and  highly  vascular  peritoneal  cover- 

fngb  which  mptures  when  the'  ovmn  it 

mature,  and  forms  a  cicatrix  When  it  has 

escaped  into  the  oviduct.   The  oviduct  of 

the  right  tide  is  absorbed,  or  impervious 

at  its  upper  part,  corresponding  ^ut  with 

the  atrophiatcd  condition  of  the  ovary  of 

the  same  side^  but  it  is  often  left  in  part 

Tious,  like  a  tmaU  cteeam,  at  itt  lower 

cloacal  termination.   The  oviduct  of  the 

left  side,  when  in  activity,  is  long,  wide, 

and  convoluted,  attached  behind  by  a  dou- 
ble ibid  of  the  peritoneum,  loose  like  a 

mesentery,  and  has  thick  glandular  parie- 

tes,  plicated  internally  at  its  upper  part, 

with  longitudinal  fbldt  of  the  mucous  coat, 

and  more  even  and  villous  iu  the  interior 

of  it  lower  portion.    It  is  thin,  wide,  and 

funnel-shaped  at  its  upper  pvarial  extre- 
mity, without  flmbriatra  margins,  where 

it  seizes  the  loose  ova  detached  from  the 

ovarium.   The  ova  hang  by  only  a  small 

peduncle  before  they  escape  from  their 

^peHtoncal  covering,  at  yon  tee  in  the  wild 

swan.  There  are  two  ovaries,  you  observe, 

in  this  condor  vulture,  cathartes  gryphu*, 
.  li  large  left  ovary,  contittfaig  afaBOsI  en- 
tirely of  pedunculated  ova,  and  a  much 

smaller  right  ovary,  containing  also  some 

pedunculated  ova,  which,  if  detached, 
'  would  have  easily  passed  into  the  wide 

loft  oviduct  with  those  of  the  left  ovarv. 


portion,  and  secretes  the  trai^^paresst 
colourless  albuminous  matter  t^ielxjiia 
IMbibM  V^^^^'^'utdi'  toeifthrawptirfiiim 
ovuiiiand  (^nvcJOpl'  the'yblk.  JttinJtcriial 
plicated  mucous  coaf  pft^scsinteniibly  into 
the  even  smooth  villous  tui^ice  of  the  infe- 
rior iiteHn^  or  doiical  l^MMton  of  the  iuH- 
duct  which  secretes  the  exteimal  tolid  caJ- 
careous  covering  of  Ihe  extra^vaecular  )cbq- 
ifon  dfthe  egg. '  BMh  eadil  of  ilie  ovidiiit 
are  tmoother;  however,  than  inter- 
vening more  gl&ndttlar  portiont^ '  andrefae 
inferior  portion,  which  retaiM'tbvetttire 
egg  with  fit  Aelly  cONKtegV'^ftbieitMV 
wider,  and  stronger,  than  the  rest  of  this 
canal,  litis  inferior  uterine  portioi^  as- 
sumes also  a  longitudinally  plioated ' iai- 
temal  surface  in  its  coliaptod  •tttte.'-rjlt 
opens  into  the  left  side  of  the  posterior  er 
terminal  part  of  the  cloaca,  exteporlji  to 
the' tenninatloiii  of  •tbe  'Vsetertb^  bgr  mmm^ 
tracted  muscular  orifice,  capable  of  great 
dilatation.  This  posterior  part  of  the 
cloaca,  which  I'eceives  the  ureters  and 
genital  openinn  In  biNk  tedterin  iiMa  aad 
reptiles,  is  analngous  to  the  uretlmyacsnsal 
canal  of  monotrema,  and  •tfrthO'ttreabira 
of  ordinary  manmialla.  Vhe«iilslii^:wita 
developed,  as  in  the  ostrich^  and  sdsoAe 
burta  FSahricii,  when  present,  are  rid^te 
more  posteriorly,  or  exteraaUyiontifc  prefBi- 
cial  vesiibule.  'Ifhie  ■^mtmtj}  u^nm^iiHio 
the  middle  of  the  dorsal  jjart  of  tlie  cloaca, 
occurs  in  both  sexes,  is  often  a  doultle  sac, 
and  is  similarly  situated  to  Cowper'a  ^aads 
in  the  muimalia.  i 

The  two  soft  white  reniform  testioieaof 
the  male  occupy  the  same  skuationt'airte- 
ribr  to  thektdiiieyeatttfeloaelfirfaeUoaher, 
as  the  ovaries  of  the  female,  and  they-jsre 
more  constantly  equally  developed  and 
effective  organs  on  both  sides jQ^ifihui isad/ 
than  the  corresponding  oifgaat  ciMhe  etibtr 
sex.  They  consist  of  numerous  smaU^tor- 
tuous  tubuli  or  glandnlar  csaca,  convexi^ 
from  the  periphery  of  thoiorgans  to«apd> 
their  interior  or  miiilliiliawiiilii»<wto-ethey 
terminate  iu  the  tpermatic  vaasel,  and 
like  the  ovaries,  they  eolai^tBoqh.atj;he 
breedhig  deaaon,  whete  thbt.oatmefMtl 
odicaUy.  The  spermatic  vesnsls  fbrru»  by 
their  numerous  close  convolution:;,  u  small 
epididymis,  extending  along  the  iiuu^cspAr* 
gin  of  each  testicle^  maAi  thentpifca  ililira, 
more  wide  and  less  convoluted,  near  to 
each  other,  along  tbe  niiddie  of  tb«visa- 
emm,  totermintil%«t  ia  rcptiles^>in4rat 
the  corresponding  female  passages  .  of 
birds,  in  the  middle  of  the  doraal  part  of 
the  cloaca.   They  accompany  tbe  uretars, 
and  open  -^teyawiitly         tibeft  ii^.ihe 
ual  or  MOt 


urethro  scvual 


posMnrier  i^rt  of  - tbe 
The  upper  portion  of  the  oviduct  be- 1  cloaca,  w  here  there  is  oftels  a  papilla,  or  a 
low  tbe  inraiidlbalim»  it  thin,  soft,  and  |  rudimentary  open  erectile  penis,  and 
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■ometimcs,  as  wc  see  in  the  ostricn,  a 
largri  grooved  1TWU9  organ,  Uke^)>at  pf  a  tor- 
«nM4j  Tiuftmalei  organ*  copiroon  in  aquatic 
'iinitt  ii»  lodfM)* !  like  the  gn>ove4  cutonb 
■temetiroei  seen  in  the  feiualca,  in  the  ter- 
•mtnal  prflpudal  ve«tihu^e.  . .  Wheu  of  Uif- 
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iFaetus,  as  the  albumen  evaporates  andtUA 
yolk  is  absorb^cU  Thus  we  find  in  the 
h'yriMft  'tik'  in  iftte  tieptlles,  that  the  omm 
seeks' hd' new  a^tiotaiilent,  by  means  of  iti 

chorion,  to  the  uterine  system  of  the  pa- 
rent, after  it  is  once  severed  from  the 


itke^l^ft  testicle  is  larger  than  j  ovary,  and  the  two  halves  of  fSbt  tatents* 


the  right,  as  in  the  ovaries  of  the  female, 
tlMs  shofwitt^ilbMb  tlK,e.u94yji^uxetricaI  .de- 
kdd^pmentkittTthe'.geiiititl  ori;«m8»  so  im- 
wlelaal<  itk  the  Uv»»g  ecouoroy  of  female 
Mffh,  arises  ftom  some  organic  arrange- 
ment common  to  both  sexex,  though  less 
•4MUiential«A4  ifan  important  in  the  male. 
•i.;With  the  generative  organs  of  both 
aeafeae'develppMl  by,  natiue  at  tbeuairing 
■iaaon^iiiW'.mBte  liiird,  like  the  male  frog, 
leaps  ufion  the  bnck  of  the  female,  seizes 
ker  liBMi  with  his  beak,  her  pelvis  w  ith  his 
feet,'  -tes  her  with  his  wings,  and  pushes 
her  tail  to  one  side,  and  when  the  ani  are 
juxta-posed,  and  the  male  fluid,  or  the 
■sale  inHueoce,  is  hurried  on  by  the  active 
ttninlr  oftfM  oviduct,  to  inpregnate  at  ouce 
anmerons  developed  ova,  which  descend 
in  skiv  snccesttoB  tUrougb  t^e  open  eUw- 
nlk^MMfl»  tDifee  kHehed  eiclemally  by  the 
t^rnlcr  care  and  heat  of  the  parent  or  the 
'  parents.  The .  seminal  vessels  are  often 
•'Meted  iike  two  resiculflB  seminalet  before 
•<lliC]riBniiinale  in -the  cloaca,  and  their  two 
promiaent  terminal  papillx  in  the  cloaca, 
eorreiipond  with  the  double  penis,  so  com- 
•mon  in  serpents  and  Uxards.   The  ovum 
of  birds,  like  the  Graafian  vesicle  of  mam- 
nudi%  iA  at  first  transparent  and  colour- 
iiitiii  Hw  young  mmmih  tiMn  beoomes 
white  and  turbid,  and  at  length  is  a  vellow 
yoOt ;  itia  gradually  absorbed,  and  at  length 
ewallowed  in»  by  the  al)dominal  parietes  of 
'  tlwdavdopfaig  chide,  and  we  can  often  per- 
eeire  on  tibe  small  intestine  of  the  newly 
batchod,and  eveathemature  bird,  amiaute 
esBcal  appendis  lift  in  th*  eitoatioa  where 
the  yolk-bag  formerly  opened  into  the  idi- 


long  and  convoluted,  like  the  two  sper- 
matic vessels  of  the  male,  still  remain  de* 
tached  from  each  other,  to  lhei^  clbacd 

termination,  like  the  oviducts  of  inferior 
animals,  and  the  embryo  uterus  of  aU  ^te 
higher  animals  and  mati.   


LECTUaBLX* 

ON  TBB  GENERATIVE  SYfTWI  OP 
MAMMALIA. 


mentary  canal.  This  1  iiave  also  seen  on 

•  ^Hcomipendiug  part  of  the  ■audi  intce- 

tine  in  tiie  human  Uetus.  The  female  bird 
can  alone  produce  and  discharge  periodi- 
ealljr  its  crops  of  ova,  like  the  sexless  coral 
Ita  reproductive  geromules,  bat  the  deve- 
iopownt  of  the  embryo  requires  the  influ- 
<eaeoof  the  male.  The  abdominal  situa- 
•thlis'of  tho  tmmdm  of  bfardi  etiU  corre- 
sponds with  tbdr  permanent  position  in 
she  inlafior  veitehraled  olaetei,  and  in  the 

*  iaiwionofian  of  nwomiaifah  and  aleo  with 
their  embryo  condition  in  all  the  higher 
species,  and  in  man.  The  calcareous 
covering  of  the  chorion  in  this  class  cuts 
off  aUoosiaeskm  between  tho  iiMhifii  and 
the  parent,  and 


The  generative  organs  of  the  mammalia 
present  us  with  the  highest  condition  of 
the  moat  univeraal  and  important  organh) 
system  possessed  by  living  beings,  that 
by  which  the  existence  of  the  species  is 
prolonged  on  the  earth  beyond  the  limited 
period  allotted  to  individuals,  and  this  su- 
periority is  indicated  by  its  numerous  sub- 
divisions, and  the"c0loplicated  character 
of  all  its  parts,  wliidi  are  greatly  diversi- 
fied in  form,  structure,  and  situation,  in  the 
different  tribes  which  compose  this  inte- 
resting dan.  The  prlndpal  modificatlona 
of  these  organs  in  the  mammalia  arc  more 
obviously  connected  with  differences  in 
the  general  form  <tf  the  body,  or  in  the 
living  conditions  of  the  species,  than  in  the 
lower  classes  of  animals,  and  are  in  strict 
accordance  with  the  unity  of  plan  and  the 
progressive  march  of  development  we  luKva 
traced  in  this  system  from  its  lowest  form. 
The  sexual  differences  which  distinguish 
the  indiTidnato  of  ipedei  are  hare  more 
constant  and  great  than  in  all  the  infe- 
rior classes,  and  the  genital  organa,  which 
are  doable  in  hotii  aezee,  are  for  the  moat 
part  equally  developed  on  the  two  sides  of 
the  body.  The  bulk  of  the  whole  body, 
and  especially  the  breadth  of  the  anterior 
half  of  the  trunk,  is  greater  in  tlw  malea 
than  in  the  females,  which  are  generally 
characterized  by  a  greater  development  of 
the  pelvic  region,  fiir  the  long-continiied 
internal  maintenance  of  the  young,  and 
the  males  are  often  distinguished  by  an 
increaeed  growth  of  tlieir  external  partsi, 
as  the  hair,  the  home,  and  the  teeth. 

The  generative  organs  of  the  mamma- 
lia, like  the  general  form  and  structure  of 
the  body,  are  at  first  identical  in  the  two 
sexes,  as  v  c  find  them  permanently  re- 
tained in  the  lowest  animals,  and  as  they 
m  orait  baoo»es  j  pre«eolthiiiMlvi|aia  tho_embryo  ilitaof 


necessitates  an  external 
-darelefment  hy  iucubatioo,  as  in  aseoond 

"  ifiii^«4iHii  title  potoitt  orait  baoo»es  i  preeeot  thiiiMtviia  ia  the  en 
«^^fiqiiate«attu:developingiAUthftli^^  Tbo 
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remain  small  compared  with  tliose  orgdns 
in  inferior  classes,  and  compared  with  the 
testicles  of  the  male,  and  they  contain  at 
•n  tttties  a  comparatively  tmaU  number  of 
ova  or  vesicles.  The  ova  arc  contained  in 
a ioftglandular  and  highly  vascular  texture, 
wlttdi  it  Inclosed  in  a  oftnMe  tonics  and 
nlaoed  near  the  fimbriated  Extremity  of  each 
rallopian  tube.  The  ovaries  are  unequally 
developed  on  the  two  sides  of  the  body  in 
the  monotrema,  that  of  the  right  side  be- 
ing sometimes,  as  in  birds,  scarcely  disco- 
verable, while  the  left  appears  like  a  large 
cluster  of  unequal- sized  ova.  The  ova  or 
ovules,  in  the  ovarium  of  mammalia^  as  in 
birds,  are  rnost  developed  on  the  surface 
of  the  organ ;  they  contain  a  trausuarent, 
cdoorless,  oily,  and  dbufntnons  fluia ;  they 
appear  to  escape  by  the  orgasm  of  sexual 
exfitement ;  they  leave  a  yellow  cicatrix 
or  corpus  luteum  in  the  part  of  the  ovary 
which  they  formerly  occupied ;  they  ire 
seized  by  the  wide  fimbriated  opening  of 
the  fallopian  tubes,  and  they  appear  to  be 
generally  impregnaited  in  these  passages, 
fhe  ovaries  are  the  analogues  of  the  tes* 
tictes,  and  having  no  continuous  internal 
^  dacts,  with  distinct  openings,  they  secrete 
isdilsted  flohnlei  of  ■finuilr  matlir*  or 
ovules,  which,  as  foreign  bodies,  burst 
their  coverings  to  escape,  if  not  expelled 
by  the  convulsive  orgasm  of  Sexual  union  j 
they  are  situated  where  the  ieitidei  aM 
first  developed  in  all  the  mammalia,  and 
where  tbeypermanently  remain  in  many  of 
^  lower  Irtbes  i  they  are  oovered  by  the 
same  tunics  as  the  testicles,  when  in  that 
situation  ;  they  are  supplied  by  the  same 
arteries  in  both  sexes  ^  and  they  some* 
tfmefe  descend,  even  in  ont*  own  speciesi 
like  the  testicles,  through  the  abdominal 
rings,  as  I  lately  showed  you  in  an  adult 
female  (GoefUeh),  whe  feshiUted  here 
the  andiomtts  otanditidn  of  hm  lexual 
or^ns.  They  are  sometimes  partially 
connected  with  the  fimbriae  of  the  end 
df  the  dvidndi  or  ftUo|rfan  tabei$  th^ 
are  covered  with  the  fold  of  the  perito- 
neum forming  the  broad  ligament  of  the 
uterus ;  and  they  vary  much  in  different 
quadrupeds,  in  the  number  and  the  extent 
of  development,  or  the  size  of  the  ovules 
or  Graafian  vesicles  which  they  present  in 
the  adnlt  ttatek  thtae  heing  numeraM  and 
large  in  the  monotrema,  as  in  the  ovaries 
of  birds;  fewer  and  smaller  in  the  marsu- 
pialia,  the  edentata»  and  the  rodentia,  and 
perhapi  the  leAst  and  Ihwtet  in  idan. 
They  have  a  lengthened  narrow  form  in 
the  human  embryo,  and  in  that  of  aU  the 
higher  vertebrata,  as  they  have  in  the 
adult  state  of  cctacea,  serpents,  osseous 
fishes,  and  other  inferior  tribes. 

Now  we  have  seen  the  oviducts  to  con> 
tlime  tiitfehct  tiA  Mpactte  orgaas  irom 


the  ovaries  in  all  the  vertebrated  tribes 
above  the  osseous  fishes,  ainl  to  rf 
for  the  most  part  as  separate  cap^ua 
throughout  their  whole  extent,  alihottpn 
assuming  distinct  characters,  and  per- 
forming distinct  functions,  in  di^^^r^nt 
parts  of  their  coarse.  Th^  8t9!  preefSBfk 
this  isolated  form  throughout  their  whott 
extent  in  many  of  the  inferior  mammalia^ 
as  the  marsupialia,  the  monotrema,  and 
some  of  the  rodentia,  where  we  coouiionljr 
say  that  there  is  a  divided  uterus.  The 
same  detached  form  of  the  two  lateral 
hdves  of  the  nteriis  is  seen  in  the  embryo 
sif  man,  and  of  the  animals  which  come 
nearest  to  him,  and  this  embryo  condition 
of  the  organ  is  sometimes  preserved  in  fluf 
iroecies,  as  4  nohstrosUy,  throng 
The  body  of  the  utemsin  the  higher  «« 
ders  of  niammalia  is  formed  by  the  union, 
to  a  greater  or  less  extent,  of  the  lower 
ends  at  these  two  oviducts.  When  the^ 
are  united  only  to  a  small  extent  below, 
they  form  two  large  pomua  uteri  ahov^ 
leading  to  tiie  iukto^  ftlhqiim  tabes,  ae 
we  see  in  the  nmdnating  and  most  of  the 
other  herbivorous  quadrupeds,  and  to  « 
less  extent  in  the  carnivora  and  other  orif 
deri;  and  Where  thef  hftve  IhiiteA 
greater  extent  from  below  upwards,  they 
form  the  triangular  uterus  of  quadrumana, 
with  acute  angles^  or  the  more  rouiule^ 
pirriform  otgan  of  the  human  body.  Hm 
upper  or  ovarial  end  of  the  fallopian  tube 
is  generally  wide,  membranous,  and  iiub^ 
ns&diapedi,  lilee  the  influiiittidnni  ortbe 
oviducts  of  birds,  with  margins  tooee  9 
less  fimbriated,  and  attached  at  the  upper 
edge  to  the  ovarium.  We  have  seen.  ihaS 
the  whole  ovidnots  of  the  femslei  ere  tiM 
analogues  of  the  spermatic  vessels  of  the 
males  in  oviparous  animals*  and  the  same 
analogies  are  obvioitB  in  these  narcs,  whe« 
ther  they  tranfemit  an  ovdm  with  its  ehaw 
rion  calcified  on  the  surface,  and  thus 
isolated,  as  in  birds  and  cheJonia,  or  with 
its  chorion  soft  idid  adhering,  as  in  mam- 
malia. The  lower  united  portion  of  IM 
oviducts  forming  the  body  of  the  titeras* 
corresponds,  therefore,  with  the  diiaM) 
vestcnoi  sendneles  of  the  male,  aipd  the 
upper  narrow  convoluted  portions  o(tk/t$m 
oviducts,  next  to  the  ovarium,  and  forroinf 
the  lidlopiaa  tabes,  arS  supplied,  not  hf 
the  uterine,  but  by  the  spermatic  arteries^ 
like  the  epididymis  of  the  male,  and  have 
been  regarded  as  a  dilated  wad  shorten- 
ed and  wMofled  eondittte  efthet  long  and 
convoluted  part  The  ovarial  opening  ef 
the  fallopian  tubes  in  the  dolphin  is  as 
wide  as  the  whole  length  of  the  ovarinm^ 
being  about  half  a  toSt  hi  fHameisr.  Ti* 
fallopian  tubes  are  very  long,  narrow,  wmd 
convoluted,  like  spermatic  vessels,  in 
manf  of  the  rodeatisi  ai  iu.hare^  x«hhtf^ 
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and  guinea-pigs,  thus  showing  that  the 
sexu^  differences  of  the  parts  have  been 
developed  to  a  less  extent  iu  these  inferior 
hird-like  forms  of  quadrupeds,  than  they 
liave  arrived  at  in  tne  higher  orders. 

The  long  narrow  detached  uteri  of  the 
Ai'onotrema,  like  their  tNVo  ovaries,  arc  un- 
cjjually  developed  on  the  two  sides  of  the 
body,  that  of  the  left  side  being,  as  in 
birds,  larger  and  longer  than  the  right, 
and  with  thick,  glandular,  and  plicated 
internal  parietes.  They  are  wider  at  their 
two  extremities  than  iu  their  middle,  and 
they  open  separately  by  prominent  lateral 
papiUcC  into  the  common  urethro-sexual 
canal  or  vagina,  rather  higher  than  the 
two  openings  of  the  ureters,  as  in  birds 
and  reptiles.  This  divided  condition  of 
the  ntenis,  seen  also  in  the  marstipialia, 
appears  to  be  there  continued  downwards 
through  the  iijjper  portion  of  the  va- 
gina or  urethro-scxual  caual,  so  as  to 
produce  a  bifurcated  termination  of  that 
canal,  corresponding  with  the  reptile-likc 
bifurcated  form  of  the  glans  penis  in 
the  male.  These  parts  preserve  this  di- 
vided form  in  the  female  kangaroo, 
notwithstanding  the  single  tenmination 
of  the  glans  penis  in  that  animal.  The 
vagina  thus  cleft  at  its  upper  pait  in  the 
ni^iniupial  quadrupeds,  retains  its  usual 
form  and  position  in  the  monotrema, 
receiving  the  termyiations  of  the  divid- 
ed uterus,  as  it  receives  the  single  os 
tinea;  in  higher  mammalia.  The  gelati- 
nous •ecretion  common  iu  the  uteri  of  all 
the  mammalia,  and  in  the  oviducts  of  in- 
ferior tribes,  at  the  period  of  gestation,  is 
formed  in  unusual  abundance  in  the  mai"- 
supiBl  quadrupeds,  clotiuig  the  orifices  of 
the  uteri,  and  enveloping  the  attached 
umbllicated  embr)'0  in  its  ovunj.  In  the 
half  united  or  bicomate  uteri  of  higher 
orders,  we  often  find  a  single  large  ovum 
extending  its  long  chorion  nearly  to  the 
ends  of  both  curuua  uteri,  and  conse- 
quently reauiring  numerous  placentx  or 
cotyledons  in  its  comse,  while  in  more 
prolific  tribes  the  two  comua  uteri,  long 
and  convoluted  like  oviducts,  are  found  to 
contain  numerous  ova  attached  by  more 
circumscribed  portions  of  their  soft  and 
(fcciduouB  chorion,  and  the  surface  of  at- 
tachment of  the  ovum  is  still  more  limit- 
ed in  the  concentrated  triangular  forms 
of  the  uterus  with  thick  parietes,  met  with 
in  many  of  the  cheiroptera,  quadnimana, 
and  man.  So  that  we  trace  the  human 
uterus  developing  from  its  embryo  state, 
or  from  the  simplest  oviparous  form  of  the 
lower  tribes,  by  the  gradual  shortening, 
and  uniting,  and  thickening  of  two  sim- 
ple raembi-anous  oviducts. 

The  female  organ  of  excitement  is  the 
cHtOlif,  the  analogue  of  the  peni4  of  the 


male,  which  here  retains  its  cnibryo  con- 
dition through  life,  as  indicated  both  by 
its  reptile-likc  form  and  its  diminutive 
size.  It  is  single  in  the  highest  mamma- 
lia, as  in  quadrumana  and  man,  ami  bifid 
in  the  lowest,  wi  in  the  monotrema  and 
marsupialia,  Uke  the  corresponding  male 
organ  in  these  different  tribes.  In  mauy 
carnivora  and  rodcntia,  where  the  penis 
of  the  male  is  supported  by  an  internal 
bone,  the  same  osbcous  support  is  seen  in 
the  clitoris  of  the  female,  though  in  a 
rudimentary  state.  This  organ,  which  is 
only  partially  developed,  and  often  want- 
ing in  the  reptiles  and  birds,  is  more  con- 
stant in  the  mammalia,  and  is  lodged  in 
the  anterior  or  prcpucial  part  of  the  va- 
gina. Like  the  penis  of  the  male,  it  has  a 
corpus  cavernosum  attached  by  a  double 
root  to  the  rami  of  the  ischium  ;  it  has  a 
small  glans  and  a  dist,ii\ct  prepuce  ;  it  re- 
ceives the  same  artery,  vein,  and  nerve, 
and  the  distribution  of  these  is  remark- 
ably similar  in  the  two  sexes.  Although 
it  is  open  behind  in  most  of  the  mamma- 
lia, on  the  side  next  to  the  urethra,  and 
destitute  of  a  coqjus  spongiosum,  like  the 
penis  and  the  clitoris  of  a  reptile,  we  find 
it  tubular  in  the  makis,  and  traversed  by 
the  urethra  like  their  male  organ,  it  Ls 
sometimes  seen,  as  an  abnormal  character, 
60  large  in  women,  that  the  individual 
appears  to  possess  both  male  and  female 
parts,  and  can  partially  perform  the  func- 
tions of  both,  but  completely  neither,  and 
this  is  the  kind  of  hcrmaphrodism  which 
we  found  so  common  as  a  noiTnal  stnic- 
ture  in  many  invcrtebrated  classes,  where 
the  clitoris  was  so  large  as  to  serve  for 
copidation  or  fur  mutual  excitement. 

The  openings  of  the  genital  and  urinary 
passages  we  saw  close  to  each  other  in 
the  females,  andiilso  in  the  males,  of  ovi- 
paious  vertebrata ;  they  are  still  as  close 
to  each  other  in  the  vagina  of  the  mono- 
trema, and  nearly  as  much  approximated 
in  that  of  the  marsupial  quadrupeds ;  but 
as  we  ascend  through  higher  orders 
these  two  systems  have  their  openings 
more  separated  from  each  other,  and  the 
vaginal  space  appropriated  to  the  genera- 
tive function  is  increased,  till  we  find  the 
urethra  in  the  makis  included  in  a  dis- 
tinct tubular  clitoris,  as  in  the  penis  of  the 
male.  The  two  small  interrupted  canals 
pointed  out  by  Malpigiii  and  by  Gart- 
ner, in  many  quadruj)eds,  running  from 
the  ovaries  along  the  broad  ligamentb*,  and 
the  comua  and  body  of  the  uterus,  to  open 
separately  into  the  vagina  at  the  sides 
of  the  urethra,  have  been  showTi  by 
Rathkk  to  be  the  remnants  of  tsvo  ductd 
pervious  in  the  embryo,  and  leading 
from  those  remarkable  deciduoiis  renal 
bodies  the  corpora  Wotffianat  which  prt*^ 
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cede  and  forth  ttite  te-itiaim<in$4"6f^thel  vij 
'Vmk^^M  genital  glOKH^iP^ftiii W 

irtyds  df  both' sex  erf  in  frll  the  hlghct  ver- 
tebrtitft.  Theclbafca,  which  receives  in  the 
oviparous  vertcbrated  cl  asses  all,  the  ex - 

Vmn^mwUlli^S  AipeinRgv  Of  vBV  UI^VBU^C) 

*j|l6llltal,  and  urfnary  s^'stems,  becomes 
^gMdualfy  divided  by  the  descent,  poste- 

tioAft  tttihe  rtcftllVe^1flWe,toopen  upon 
th'e'btdl^ce  of  the  body     it'dititinct  anal 

'  orifide,  and  the  nrcthro-senml  ranal  is 
thus  at  Icnjgth  isolated  from  the  rectal,  as 

''^iMi  wkiMfl  fftfAv  iii6*'ihoiiotreiDA,^sfitf  fbe 
rtifabAftla'ttTid  the  cdentnta  thronph  the 
higher  oi'ders  of  quadrupeds.  In  the  em- 
bryos of  manornalia,  as  in  the  lower  ovi- 

''ifmrMs  ktitoals,  not  only  are  Hie  genital 
oi^gtins  alike  in  the  two  sexes,  but  the 
ovaries  or  the  testicles  and  the  kidnevs 

,  H^ittj  ftvfn  fll^%8inc  gclatttioii9'ii]AA,i!hnr 
dlu;tB 'aeeompany  €»cll  other,  and  open 
tog^ether  into  the  saine  part  of  the  cloacnl 
termination  of  the  intestine,  so  that  these 

*'  tWo  gfest  MyttmoBf  so  difl^nreiil  iii  ftfnction, 
air  nlmo^it  ropctitious  of  each  other  in 
their  origin  and  structure.  The  most 
intn-ked  difiercncc  in  the  internal  strtic- 

' -tnHi  of  genital  parts  in  the  t  wb  se.tes 
is  the  detachment  6f  the  fallopian  tube 
frqm  the  o\'arinm,  the  separation  of  the 

'  Ahrt  iH^iits  Idand,  in  the 'fciliitlc;ti<lfne 
"ihevAS  deferens  remains  contSnnou*  With 
the  sccrctinc;  tubuli  of  the  testicle  in 
the  opposite  sex,  and  this  has  been  sup- 
posed to  Arise  frottt  the  greater  extent 
of  scpanition  which  takes  jib.ce  between 
\hc  tvfo  branches  of  the  spermatic  ves- 
nfelr'-in  ms'  ^tt^yb-  \cSf  Iht- ielMale  than 

•takes  place  in  the  male.  This  is  a  slight 
iiindification  in  the  distribution  of  these 
common  vessels,  which  many  circum- 
ttimees  ibfght  easily  lAflnce'  at  an  early 
period  of  developnient,  when  all  the  parts 
{ire  yet  similar  in  the  two  sexes,  and 
pUahlc  to  every  modifying  influence,  and 
tmen  nil  forms  of  monstrosities  or  ab- 
nornml  formations  are  90  easily  and  per- 
manently produced. 

'The  inde  ' genital' 'Organs  of  the  nttin- 

rrialia  present  a  greater  development  of 
the  primary  glandular  parts,  the  testicles, 
and  of  the  organ  of  excitement,  the  penis, 
tUfeuk  'ure  find  in  the  corresponding  parts, 
the  ovaries  and  the  clitoris  of  the  females, 
and  these  parts  are  also  generally  dis- 

'  tfnb:iftshed  hy  a  greater  change  of  their 

<1)rimiti\^e  positfoli  in  the  body.  The  tes- 
tidc,  like  the  ovaries,  originate  in  quad- 
nipeds,  as  in  birds  and  reptiles,  from  the 

'  piii%9  of  the  1(Mg  wsiffrious^coyyorg 
Tl'offlfana  or  false  kidneys  of  RATiiKE. 

'  These  t^'o  long,  fnsifonn,  soft,  deciduous 
gland?,  extend  in  the  embryo  along  the 
whole  of  the  back  part  Of  ''the  kbdo- 
uibuklenYitSr,  ftvmc  the  WiMift'^tf'Viie 


they  are,,p^  tb  tbp'Mvfei';fIj*in|6*l 

—    WiajlM  'MP'I    


ori.^ih  tb'       mm'^'S      wetl  as the. 
pen  i  tal   jtlAfl  d     '  Tb  ^ '  To      paraTTcl*  ■  tc^- 
ticles  and  kidneys  of  osbcous  fishes,  e?f-- 
tctidihi^'  itert^  th^'Hdes  of  the  Vcrtcbrtl 
coVuTTin,  retath  through  life  the  cmbr^'O 
form  which  they  flirst  pit!sent  on  behsg 
newly  developed  '  oF  'aew<*M''fftW'^ 
inner  sides  of  the^\^d  e()ijhrd  WblJ^inia 
in  the  next  higher  cl a "ise*.   These  *twt» 
genital  and  urinary  glands  in  qiiiidrii- 
pefls,  *h6weter,  quickfly'  a^Whc'  ti  -rfijWe 
short  and' rounded  form,  and  arc  seen  al- 
ready detached  from  the  inner  margins  flf 
the  corjjora  Wof/}iana,  atthb  period  Oft^e 
closing  of  the  last  branchial  opening*  of 
the  neck.    The  penis  and  the  clitoris  are 
developed  nearly  at  the  same  time  vriMi 
tlie  tesleii  aiiro^iKa,       i;M  HiAil 
glands  are  earlier  than  thekidnoys  Iii  thidr 
development.    In  the  hifman  embryo, 
before  the  closing  of  the  branchial  oren- 
ings  in  ihe'nedk,  'the  tiestes  Mid  iMI*ni- 
ncys  (vN'ithbut  a  trace  of  the''suprn-rehal 
glands  yet  developed,'  arc  seen  as  long, 
narrow,  parallel,  cylindrical  glands, 
tenditig  longitudinjilly  along  the  wbOl^'oC 
the  back  part  of  the  ahdominal  cavlti,',  hs 
in  the  adult  state  of  osseous  fishes,  «nd 
they  opefl  hiHiat  tinitf,  tidilfe  thgeHHtf^'llfl 
in  fishes,  into  the  cloacat' tcnninntiort  of 
the  inte?tinc.    The  te^Jtides  or  ovaries  of 
man,  as  tho?e  of  quadrupeds,  birds,  and 
reptiles,  have,  at  this  early'^ribd,^  the 
kidneys  extending  along  their  mediiin  *iid 
dorsal  mai-gin,  and  the  Iftrge  corpgra  Wjtif' 
Jffbn«  aibng  thei<>  oiite^lsMMif  i&ft]^ 
primitive  ahdominal  sIMOaiwrdfte  t@§te8 
seen  in  all  the  adult  ovipnrohi^^ertchrtita, 
and  in  the  embryos  of  all  the  higher  nnmio 
malia,  is  still  peitoa^ntly  prM»rt%fr%i 
many  of  the  lowest  animals  of  this  Has?, 
as  in  thu  cetacoa  and  the  monotrema ;  in 
others  they  descend,  gtiided  hjrih*  itfltet* 
nacidum;  testis,  to  a  varlhhfe  <i3mtt;'t6- 
wards  the  ahdomin.il  ring,  as  in  the  SfsJ* 
and  the  walrus  j  in  others  they  pay  out 
throngh  the  amlonihitll  t^g  only  nf fft 
rutting  season,  to  swell  exteriinllr,  «ftd 
after*'ards  in  their  more  colihpsed  *tote 
to  be  returned  into  the  abdomen,  as  in  no- 
merons  genera  of  binroNring  rdd^nHtt ;  ihd 
in  most  of  the  higher  orders  of  mammaRa, 
as  the  carnivora,  cheiroptera,  quaAru- 
mana,  and  man,  they  pass  doWn-Citf  1^ iSto 
an  Ittgninft!  scrotal  cavity,  and  relnatn'f^o 
manently  external  to  the  abdominnl  t.*avit)'. 
They  come  do^^Ti  earliest  into  this  reg^n 
in 

themselves  descend  through  thenlKlominnl 
ring  in  the  human  female,  and  lodge  in 
the  labia  pudeudi,  thus  forthing  a  divided 
sci^tum.  ■ 
By  ihd  ^irfons  iMMoii»or<«iMi''M«^, 
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jt^o^iQ  tbi^t  in.  U>e  loyiJ^t  tribci  of 
^i^jnf^^iU^^iBJias  <»ren)Uy.  proym  for 
tj^'  fmety  ip£  these  important  orgrans  by 
•  ^aajlaipjyig  tiieiif.,ijifithm.  th^  .  abdpnicn,  and 
.ms  «xpp|WO.  wait  iOT  A'a^oit*  reaaons,  on 
,ihc  ftui^Wf^of  thc  trunk*  only  in  the  high- 
est tribes,  which  have  sagacity  to  j)rotcct 
t)x&n».  ,,Tbe  t^tes  arc  coaiposed  of  iiu- 
iMfiimYiiiiitttle^  wm  or  lets  convoluted, 
^So^iclcs  or  tuhuli,  as  in  the  lower  tribes  of 
vertebj  afca,  which  convei'ge  fcora  the  pe- 
liphery  of  the  organs  towards  their  in- 
.jberior  margin,  w  here  they  often  form  a 
reticulate  plexus  at  the  commencement  of 
kija^,  cpicUdymia,  as  in  the  human  body. 
Tbey  difier  chiefly  in  the  extent  to  which 
,]the  tabuli  arc  divided  and  convoluted 
within  the  organ,  the  extent  of  the  mar- 
giuoi  reticulate  portion  formed  by  the  vusa 
efferentia,  and  in  the  number  and  convo- 
lutions of  the  ducts  forming  the  epididy- 
mis. They  appear  generally  as  if  com- 
jpowd  of  a  aoK  white  pprenchyma  inter* 
iwlly,  Aom  file  iatertaiseiDDent  and  small- 
Mcss  of  the  component,  convoluted,  or  tor- 
tuous tubulL  and  from  the  soft  white  se* 
cretioii  (which  -fltti  their  cavities.  The 
whole  interior  is  supported  by  the  fnm 
cartilaginous  radiating  portions  of  the  lue- 
d^i!^tinum.   These  tubuli  seminifcri,  com' 
.pofi^  the  bod^  o£  the  liesticlcs,  become 
progressively  more  and  more  lengthened, 
:  tortuousi  a^d  .  coiiv.olufeed,  as  we  ascend 
],|)^«gh  the  v^rtebrated  daMca  froin  flehei 
•iDoniau,  and,  like  the  tubuli  urinifori  com- 
•. posing  the  mass  of  the  ki<lneys,  they  pre- 1 
•;B^itve  thc^mc  diameter,  to  their  shut  pe- 
^tiifheral  extremides,  however  long  and 
,  oonvoluted  they  may  be  in  their  course. 
Xbc  nuipber  of  convolutions  formed  by 
if^apl^         tubnlua  is  sometimes  so  great 
.:IU|vto  give  a  minutely  lobulated  appear- 
ance to  the  surface  of  the  testicles  in  this 
,clasf }  hut  in  the  inferior  classes  this  lobu- 
lated appeorance  of  the  tnrfaoe  it  pro- 
(liu  c  d  ]iy  separate  groups  of  tubuli,  as  in 
.  iiiost  other  glandular  organs.   The  tuhuli 
•.{(cminifcri  individually  appear  to  be  more 
.pinate  and  short,  and  they  are  more  nu- 
jnerou.s  in  the  lower  classes  of  animals 
.t^ian.ii^,  the  higher  ;  and  their  length  and 
flonjrdltttioM  increase  with  their  eiM  as 
I  yte  atoeod  in  the  scale.   They  are  re- 
Doarkably  small,  short,  and  numerous, 
,fgp:ming  minute  lobules  in  the  testes  of  the 
.mom  and  aharki^  they  aro  still  veryamall, 
but  long,  in  the  testes  of  birds ;  they  are 
observed  to  be  mucli  larger,  longer,  and 
.more  tortuous,  in  carnivorous  quadrupeds, 
and  ill  the  rhinoceros,  tlie  hog,  the  cyno- 
cephali,  and  especially  in  some  of  the  ro- 
dei^ia ;  and  in  man  eacli  lobule  of  the 
tutee  ^8.  composed      a  tingle,  long,  tor- 
tooiity  and  convoluted  seminiferous  vessel 
qt  lMhiitiiv.unf!aUaiy«  by  ipaceiytioiu. 


.  *¥tcm  the  marginal  retifoiM  IMts  form- 
ed by  4ho.ooo?iiirisfBg  M»Qli  of  the.  tetttfv 

pafs  out  numerous  vasa  efierentia,  which 
form  by,t3)eir  toi:tyoM  convolutions  the 
whole  Mbittnqa  of  tike  epididymis,.  anA 
from  the  unitedl  tcunlct  of  the  vasa  efferent 
tia  in  the  epididymis  is  produced  the  sin- 
gle vas  deferens  which  conveys  the  semi- 
nal fluid  to  the  organ  of  introroltdon, 
throuph  which  it  passes  in  all  the  mjim- 
malia  by  a  distinct  tubular  canal,  and  not 
by  a  simple  groove,  as  in  the  oviparous 
vertebrate.  The  epididymis  thus  formed 
by  the.  vasa  cfterentia  enlarges  with  them 
and  their  tubuli  at  the  rutting  season,  es- 
pecially in  the  inferior  mammaltef  whhHi 
are  more  regular  and  periodical  in  this 
function  than  the  higher  tribes.  The  vas 
deferens,  proceeding  single  and  tortuous 
from  the  end  of  each  cpididymity  toon  be* 
comes  more  straight  in  its  course  and 
wider  in  its  diameter  as  it  proceeds  to 
terminate  in  the  commeQceniflnt  ct  the 
urethra,  and  in  many  of  the  podiydcnon 
aTid  rnniinantia  it  forms  an  enlargement 
before  opening  iutu  that  canal.  They  open 
gonendly  at  a  little  distance  from  the  neck 
of  the  bladder  in  a  small  recesa  of  the 
urethra,  protected  by  a  fold  of  its  mucou.s 
coat  directed  outwards,  and  the  vesicuhc 
seminalet  open  into  the  same  part.  These 
large  receptacles  of  the  male  fluid,  the 
vesiculac  seminales,  are  less  impor.Uuit  in 
the  male  than  their  analogue  the  ut^ot 
in  the  female,  and  are  mott  i  irregular 
J  and  inconstant  in  their  existence  and 
in  their  forms,  being  large  reservoirs  in 
many  of  the  lowest  quacbmpedty  as  ^e 
rodentia  and  the  pachyderma,  as  well 
as  in  the  higher  ord^t  of  cheiroptera, 
quadmmena,  and  nan*  while  they  are 
wanting  in  many  intermedia^  enimala 
among  the  ruminantia,  the  monotrema, 
the  marsupiaiia,  and  the  carulvora.  Cvw- 
per's  glandtare  generally  larger  and  more 
subdivided  in  the  lower  mammalia  than 
in  man.  The  prostate  glands,  commonly 
double,  composed  of  many  large  branched 
follicles,  and  opening  into  the  same  part 
of  the  urethra  with  the  seminal  passages, 
are  more  constant  in  the  mammalia  than 
the  veticnisi  and  though  generally  lett 
connected  than  the  veticulao  with  the  pn>-> 
duet  of  the  testicles,  they  have  been  con- 
sidereil  as  more  like  the  analogue  of  the 
vtemt.  They  toroetimes  appear  at  parta 
of  the  vesictds,  and  both  together  may 
represent  the  uterus.  By  the  develop- 
ment of  a  corpus  spongiosum  in  this  high- 
est vertebrated  class  tlie  canal  of  the 
urethra  is  completely  enclosed,  and  the 
open  grooved  noale  organ  of  iatron)^i»mon 
of  tlie  inftrior  oviparout  tribca  i^'  here  con- 
verted into  a  more  jierfcct  tubular  penia. 
l^glani^onBeii  by.  tbecogput  apongionnp» 
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ifl  still  often  covered  vith  lAiarp  recurved  didfro'pten^  i^oiMlm^aiia,  uid  miii, 


enable  them  to  mariiuatkti^  ajad  support 
the  youngj  an^  for  tanic^  rcaApn  yfi^; 
gee  theih  tb(n^6  'in  t^^  l^eruvopiia 
cetacca.  The  nVkmber  of  tne  ')a^||ii^ 
regulated  by  the  mimber  of  yming  "wnicljiij 
the  psrent  is  capable  of  proiludiiB:  iii  4 

the  mammae  are  thoracic  ThtlSi.'w^ 
serve  that  in  this  highest  class  of  anima 
where  the  whole  organization  is  the,  m{ 
oomplicated  and  the  ^(Mt  ^A^jiM^ 
are  provided  to  retain  the  embryo  iu  CQ^*! 
nexion  with  fefae  purent,  till  it  hav  ^Vfjili^, 
tl  degree  of'ofe?tiopmcnt  sujuW^siiMr, 
that  of  an  the  rafiafor  Wlbes,  and  thiM  oijf . 
generation  becomes  connected  with  an- 
other by  ties  of  affeaion,  which  d< 
rily  inorease  In  strength  as  we 
man,  whose  helpless  condition  ii^ 
most  requires  their  influence,  and  iri' 
they  form  a  principal  source  of  indv 
happiness  and  support,  and  the 
bond  of  tOfiMi  union  amoiSg.r^' 
niations. '  ' '  '        t    •  \^ 

terns  which  enter  into  the  doinpositiQQ  '  oc^ 
animal  bodies,  and  such  appear  ^  jb»e  Oi^  l 
general  laws  which  rcgul^  theii*  fori^  m-, 
the  diAerent  tribe*  of  antttntt.' '  %>te^&^* 
standing  the  endless  diversity  wlileh' tJiey* 
present  throughout  the  animal  klngd^pqi^' 
in  their  generu  fofms,  and  in  th^ir.f 
rate  details,  we  everywhere  pbserve ; 
simplicit}^  and  uniformity  in  ,  t^^ 
which  regulate  their  formd,  a  pet  ^ 
unity  of  plan  to  fhc#  composition 
structure,  and  great  regularly  ai^4  l^^r ! 
mony  in  the  order  of  their  deverepmenti.!* 
With  a  few  simple  earths,  thrown  ou^  upon.' 
the  mface,  or  diffiised  tllroiigh  the 'iiftk.' 
rior,  or  collected  in  the  central  parts,' we  »e6^ 
constructed  all  the  different  forna^  of  the' 
organs  of  support,  and  from  nine  vert^bm] 
elements  all  the  compKcated jikeletphs 
the  vertebrata.  From  the  common  an^outi 
matter  of  tbe  hard  parts,  originate  tb6  vi- 
rions bgamcntt  and  orgein  or tttaehnielK?\ 
and  from  the  simple  irritable  cenular , 
tissue  of  the  lowest  tribes,  are  gradually  ' 
developed  the  numerous  strata  and  fasci- 
cnli  Of  muscular  fibres  so  admirabt^Vu^ 
ranged  and  adapted  for  the  various  inbor^ 
tions  of  the  body,  or  of  its  sepai-ate  PbtuL  ! 
¥tom  giobnlei  of  almost  invblhle  nfimute-:  . * 
ness,  and  neurilennttote  tubes,  cyU^M^'* 
or  sacculated,  are  successively  formed  aS' 
the  difterent  kinds  of  norvoos  filamentiu.' 
gangHa,  taA  terebnA  otgattfi,  sb^dSS*/ 


thi«t  orp:an  in  reptiles,  to  retain  its  plftce 
during  long  copulation*  especiallv  where 
tbe  vesfculie  semhiiderkiti  'Wanting,  and 
tbe  Urethra  is  often  supported  in  tbese 
same  animals  by  a  grooved  bone  extend- 
ing longitudlnidly  through  tbe  wgan. 
T%n  organ  is 'MR  spiny  and  UlM,' aini 
lodged  in  the  doaca  in  the  omithoillytt' 
chu3,  as  in  reptiles ;  it  is  bifid  in  many 
marsnpialia,  concealed  in  the  cloaca  in 
BdMO  TodMifia,  Tery  birge  and  concealed 
beneath  the  exterior  parietes  of  the  ab- 
domen in  the  cetacea,  suspended  along  the 
abdomen  in 'the  bttMvortMt  (Aid  emlVO*' 
rous  quadrbp^^ds,  and  hangft  free  to  tbe 
cheiroptera  and  qnadrumana,  as  in  man. 

Now,  the  product  of  conception  in  this 
cfsss,  'Che  OTole  op  ofuns,  bvnf  ^wn  the 
ovary,  impregnated,  and  eonveyed  free, 
like  a  minute,  soft,  transparent  hydatid, 
through  the  fallopian  tube,  is  engrafted  by 
it*  chorion  toto  one  or  nnfre  points  of  the 
COrtna  or  body  of  the  uterus,  where  it  is 
Attored  to  a  very  variable  extent  in  the 
differebt  orders^  and  bnti^  to  tbtf  «jt  of 
expulsion,  when  Uie  ftetus,  naked,  feeble, 
and  helpless,  requires  the  further  process 
of  lactation  to  complete  its  development, 
ao'fltr  as  fo'MMe  it  to  fbtMlde  for  itself. 
Many  of  the  qnadmraana  and  the  cheirop- 
tera are  observed  to  menstruate  periodi- 
cally, like  the  human  species,  and  F. 
CtrVita  litt  observed  the  same  in  tt«e 
genette  among  the  camivora.  The  mam- 
mary glands,  thus  forming  a  supplement- 
ary part  df'ilit' ^vmllve  system,  begin 
their  development,  IQce  other  glands,  by 
bebig  simple  follicles,  ceUidar  internally, 
opening  by  numerous  minute  excretory 
dnds,  witbont  pa^le  to  the  monotrema, 
and  with  prominent  sheathed  nipples, 
j)laced  beside  the  anus,  in  the  blowing 
cetacea.  These  primary  ftHldMr*b€00me 
more  subdivided,  and  their  minute  tubuli 
form  internal  lobes  in  higher  orders,  and, 
at  length,  in  the  highest  mammalia,  as  in 
nm,  nine  talnili  beoointf  OAMuiely  roi> 
nute  in  Iheir  subdivisions,  commence  in 
little  vesiailar  dilatations  at  their  shut 
extremities,  are  clustered  into  lobuli,  and 
Ibeto  into  larger  lobei,  ud  open  at  the 
ettretbfty  of  a  prominent  nipple,  some- 
times by  a  nngle  excretory  duct,  as  in  the 
mmina^tia,  or  by  nnraerons  orifices,  as  to 
most  of  the  dtbeirffiamnialia*  The  position 
of  these  organi  on  the  trunk  depends 
much  on  the  facility  of  access  afforded  to 
llio  ^^oini|^  to  Utelwioii,  beteg  isear  th^  _   _  . 

ya%iha  in  the  predaceons  cetacea,  inclosed  riously  connected  with  tlTe  motllUy'aiMft 
in  the  pouch  of  the  abortive  marsnpialia,  j  sensibility  of  animals,  and  with  all  t^eir 
inguinal,  or  ventral,  or  vcntM^tboradc  { higher  intellectual  operation*,  and  from 
tontostof  The  horliontal  quadrupeds,  or  [  the  cutanebos  covering'  itf  - the 'Itody  '  i^ 
pedtM  to  tftto  taoce  ^erticid  l£nM  «F|i6e  d«vekip6dtiw  btgUT^  il^MM^'' 
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jriMld  Bt  ybr  extremities  of  s?n9itive  whoie  long  ccHinef  «  perfection  ii^  short- 
SeTVfs,'*  .T)ie  U1UC0U4  Uoing  of  j^he  aUr.^lumd  wrUiiig,a()wb^b.  I  .b?^,nq^^ 
Af^tarjf  cavity  givj^t  ortgia  to  .019  TSr  that  th«t  ojoit  vslual^e ,  sit  |ift4  .^ri^  |f ji, 
nous  glandular  i aiiparatus  wbliai  opea  rived.  ' ...  1 

iAto  its  interior,  and  the  superficial  The  engraved  illustrations  which  ac- 
oorering  of  ^e  body  to  tl)o  icuta^^0|i4  company  thfi  j/yrinted  lectures  ar^  due  to . 
((^n<b>  From  siinpie  veasela' ve,  1iave;t1ie  pemnl  oC  my  intdligatt.  mkI  ikiUiil 
traced  the  successive  fonuation  of  the  pupil  Mr.  Townscnd,  who  has  frequently 
cavities  of  the  heart,  and  tho  whole  com-  copied  them  from  nature,  and,  considering 
plex  machinery  of  the  vaiicular  system,  |  his  other  academic  studies,  it  must  be  ac« 
w^ic&  gives  origin  to  a  tegfinUity  prgan,  knowledged  that  they  are  executed  wltli 
by  seeking  the  influence  of  the  surround-  skill,  judgment,  and  taste.  I  only  regret 
ibg  elcmen^  in  gills  or  lungs,  a  lm:teal  that,  these  oral  demonstrations  |tave  upt 
i^siem  by  its  esttension  to  ibie  ialestfne,  |  been  more  adMpiste  to  th»  impOEteMe  of 
apd  a  lymphatic  by  reaching,  every  point  j  the  subject,  and  the  character  of  the  work 
of  the  system.  From  the  simple  primi-  in  which  they  appear,  and  more  worthy  of 
tiVe  cellular  tissue  of  the  body,  we  tiace ,  the  expense  and  care  with  which  tb^y 
the  ^iTnation  of  its  cutaneous  covering  I  have  been  laid  before  the  fwUic,  ... 
and  the  various  forms  of  it.s  ci)idcrnjif  When  I  mentioned  to  you,  at  the  cooi> 
exui^ations,  and  from  the  simplest  hsssi-  mencement  of  this  course,  Mr.  Wakley's 
jiarOus  and  gemmiparous  forms  of  the  ge- 1  design  to  collect  and  print  these  lectures 
aerative  system  the  gradation  is  not  less  re- 1  in  the  pages  of  his  widely-circulated  jour* 
gular  and  progressive,  to  the  most  compli-  nal,  I  little  anticipated  that  1  could  thereby 


O^ted  forms  presented  by  the  oviparous 
9m  Tivipensot  dasiet.   Th«  transielii 

forms  of  the  organs  in  the  higher  classes 


have  ailbrdcd  occasion,  even  to  the  most 
ili-disposed  persons,  to  wound  tbt  ibelbigs 
of  tlmt  gentleman.   But  I  regret  to  find 


of  animals  represent  successively  the  per-  by  the  Medical  Gazette  of  the  2.'ird  of  No- 

Saneiit  forms  of  the  lowei*,  and  the  laws  veinber  lasi,  that  there  have  been  some 
'  p^mal  developmenl  have  continued  to  persom  liiMa  cwMigh  to  make  that  siiw|de 

a»eratc  with  the  same  undcviatlng  uni- :  announcement  a  pretext  for  harrowing  up 
iripity  since  the  first  appearance  of  the  feeUojgs  of  Mr.  Wakley  by  jrecaUing 


Bfiiroal  forms  ou  the  6arth,  as  we  observe 
in  those  which  govern  the  rest  of  the 
material  world.  So  that  while  this  inte- 
resting study  relates  to  the  most  compli- 
cated lorms  of  mechanism,  and  the  roost 
complicated  phenomena  to  which  the  hu- 
man mind  has  access,  and  constitutes  the 
science  of  all  organic  structure  and  the 
philosophy  of  all  anatomy,  its  discoiveries, 
which  tmvail  the  most  mysterious  opera- 
tions of  nature,  have  all  the  evidence  of 
physical  sdtmce,  and,  like  the  sublime 
truths  of  astronomy,  have  all  the  perma* 
nence  of  that  order  and  harmony  which 
have  been  established  from  the  beginning 
throughout  the  universe. 

Yet  one  word,  Gentlemen,  before  we 
part,  touchiug  the  publication  of  these 
lectures  in  The  Lancet.  The  reports  of 
them,  drawn  up  by  my  able  countryman 


assertioai  «iinbe  M  they  wen  m^cious. 
It  is  ever  the  fate  of  independent  jour* 

nalists  who  stand  aloof  from  selfish  and 
servile  ends,  and  criticise  with  equal  seve- 
rity the  high  and  the  Uiw,  to  five  in  con- 
stant warfare,  and  to  become  the  objects 
of  watchful  loalic^  jealousy^  envy,  and 
detraction. 

These  captioni  hirelings  have  found  much 
fault  with  my  applying  the  term  "  learned" 
to  the  Editor  of  The  Lancet,  but  I  am 
confident  that  none  capable  of  appreciat- 
ing intellectual  labour  would  renise  that 
appellation  to  one,  who,  by  his  own  ex- 
ertions, has  done  so  much  to  spread  and 
perpetuate  medical  information,  whidi» 
without  him,  must  have  been  lo.^t  to  the 
profession  and  to  science,  and  whose  pen 
has  never  been  at  rest  in  exposing  the  de- 
fecta      or  in  suggesting  improvements 


and  professional  brother  Mr.  Macchristie, ;  in,  our  medical  institutions,  in  cncourag- 
are  executed  with  a  fidelity,  fulness,  and  |  ing  genius,  in  rewarding  merit,  in  rcprov- 
aocuracy,  which  are  to  me  remarkable,  i  ing  the  ignorant  and  the  arrogant,  an'd  in 


when  I  consider  the  novelty  of  these  stu- 
dies in  our  scientific  institutions,  and 
how  little  they  arc  generally  understood 
by  bur  medical  men,  and  when  I  look  to 
the  innumerable  technicalities  with  which 
these  lectures  are  replete,  and  the  intricate 
discussions  into  which  they  have  often  led 
Uf.  Indeed,  in  looking  over  his  reports,  I 
eatonot  perceive  that  he  has  omitted  a 
aiogle  sentence,  and  scarcely  even  a  word, 

wl)ifi^|have  £^>okea  to  you  durii^B  this 


forwarding  the  general  interests  of  our 
profession.  But,  perhaps,  this  anony- 
mous person  of  the  Gazette  would  have 
thought  Mr.  Wukley  more  worthy  of  such 
a  title  had  his  claims  to  it  been  founded  on 
the  discovery  of  a  universal  antidote  in  a 
**  PihUa  ex  miea  panU"  or  some  equally 
efficacious  nostrum  of  an  ignorant  quaok. 

Every  low  epithet  of  scurrility  and 
abuse,  not  excepting  even  those  of  "  false- 
hood^" "forgery,"  and**  blasphemy,"  ^ai|, 
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in  these  waonymoni  articles  of  the  Ga- 
uUe,  be«Q  wautonly  vented  against  the 
CkHlor  «l  Tas  Lancst,  wbote  publica- 
tion it  is  said  I  comtiunded  to  u\y  clans, 
in  consequence  of  my  vanity  being  grati- 
fied by  the  manner  in  which  my  name 
hat  b«en  nMntioncd  In  somftof  the  ad- 
vertisements of  Thk  Laxtft;  and  the 
same  impudent  menials  have  accused  me 
of  entering  into  a  secret  compact  with 
Mir.  Wakley  to  pnff  this  University. 

Yon  will  ever  observe  that  the  keen 
edge  of  satire  falls  harmless,  and  turns 
back  upon  itself  Mrhen  tempered  with 
such  ru:lcnc«s  and  vulgarity  :  jtjst  criti- 
ciani  shuns  the  heat  of  malice  and  vitupe- 
ration, -vv-hich  evaporates  its  true  spirit. 
I  regret  to  say  that  I  have  seen  that 
highly-talented  and  learned  gentleman 
but  once  in  my  life,  and  i  have  never  had 
a  ^rd  of  mHten  correspondence  with 
him  on  that  or  any  subject  whatever.  The 
other  statements  and  insinuations  relat- 
ing to  me  in  that  Gazette,  are  equally 
lake  and  impertinent.  I  have  never  been 
guilty  of  fourtifig  the  praise  or  i»liun- 
ning  the  crittcisim  of  any  journal.  A 
bmeet  which  if  in  constant  employment 
must  inflict  many  a  wound,  but  if  it  be 
f^nidc'l  even  wifii  moderate  skill  and  judi?- 
mcDt,  those  whom  it  cuts  mnst  be  Ijc- 
neflted  hf  the  bleeding.  The  best  crite- 
rion of  tlie  merits  of  a  public  journal,  1 
have  ever  coniiidcred  to  be  the  opiition 
and  support  of  the  public ;  and  the  long- 
contfaiaed  and  vast  circulation  of  Thb 
Lamobv  b  the  beet  testimonial  of  the  eeti- 


mation  in  which  it  is  held  amoT^j?  mrdical 
men.   Had  that  journal  been  the  produc- 
tion  of  tome  lervite  miniona,  hired  ts 
lot  ward  the  ends  of  private  interest,  or 
party  ypirit,  or  corrupt  monopoliet,  or 
place-hunting  adventurei-s,  and  to  slander 
systematically  the  rising  aiMl  tiheral  ii»ti> 
tntions  of  their  country,  it  must  long  since 
have  sunk,  by  exciting  tbe  contempt  sod 
diigust  of  all  senaifale  men,  or  it  noM 
now  have  lingered  on  a  miserableeihlefMek 
prolonged  only  by  tlic  precarious  glean- 
ings of  its  ^nder,  detraction,  and  false* 
hood.  Tarn  Lanckt,  every  onekiio«i,fns 
cnmracnccd  and  is  conrlurtcd  by  a  pHratc 
surgeon,  and  it  presents  a  phenonieaoii 
perhaps  unique  in  the  history  of  onrlilani* 
ture, — of  an  extensive  weekly  periodicsl, 
devoted  to  one  department  of  science, 
which  is  confessed,  even  by  its  eaemies, 
to  spare  no  man,  and  to  Irinre  no  patnm 
among  tbe  '*  great,"  and  which  yet  for  ten 
lon^  year"^  ha*}  fotif^bt  its  own  bnttlcifoT 
tlie  diiiusion  of  ujielui  medical  knovrkd^ 
and  tbe  reform  of  nodical  abases,  snd 
yi'irh  m  much  success,  that  nov,  when  it« 
greatciit  victory  U  in  prosjiect,  oor^  public 
bodies  seem  to  vie  with  each  ofher  inthdr 
endeavours  to  accomplish  its  objects,  and 
to  rob  tliat  Journal  of  the  i^oiy  of  its  coa- 
qticsts. 

With  these  remarlui,  to  fanign  to  eer 

]i roper  ?Tihjoct  that  I  beg  ynu  to  exense 
my  introducing  them,  1  conclude  the  prp* 
sent  cotirse,  and  wish  you  all  MCcMi  hi 
your  future  pursuit!^  and  muchhappineM 
and  osefulneti  In  ywr  profanionsi  niter. 


SND  OB  TOL.  IL~1833-.^I* 
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